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EXECUTIVE SUMMARY
The overarching goal of this watershed planning effort is to reduce the loads of nutrients (total
nitrogen (TN) and total phosphorus (TP)) and total suspended solids (TSS) from land based sources
of pollution (LBSP) in the Boynton Inlet Contributing Area (ICA) to the coastal habitats that support
southeast Florida’s coral reefs. The Boynton ICA comprises approximately 150 square miles in
Palm Beach County. The purpose of this watershed management plan is two-fold. This document
aims to: 1) describe a path forward for meeting the pollutant load reduction goal for the Boynton ICA;
and 2) pilot a methodology for rapid assessment and planning in watersheds in southeastern Florida
guided by EPA’s Watershed Assessment approach. This methodology can help managers identify,
evaluate, and focus long-term management approaches, while at the same time taking early
implementation steps.
This report presents the results from a planning-level pollutant loading model and site visits within a
targeted study area to assess a variety of pollutant load reduction strategies and develop general
recommendations for watershed improvements. The estimated net flow of water from the land in the
Boynton ICA is 190 million gallons per day (mgd), or 31.25 watershed inches. The estimated annual
net loads of TN, TP and TSS from the watershed (what is entering the watershed minus what is
leaving the watershed) are 367,000 lbs TN, 39,000 lbs TP, and 2, 244,000 lbs TSS. The overall
generation of pollution loads from the watershed results in estimated loads of 691,000 lbs TN,
53,000 lbs TP and 3,211,000 lbs of TSS. Among the 14 subwatersheds delineated as part of this
planning process, subwatershed H generates the largest TN load and subwatershed M generates
the largest TP and TSS loads. Subwatershed I, which is the core of the targeted study area in this
watershed planning effort, was in the middle of the pack in terms of pollutant load generation.
Of the nitrogen load reduction strategies evaluated in the pollutant load model, the strategy that was
potentially the most effective and cost effective by far was the reduction of fertilizer use in the
watershed. All options to reduce the use of traditional septic systems (including enhanced nitrogen
removal systems, package plants, and sewer to wastewater treatment facilities) also appear to be
quite effective at reducing nitrogen loads, although these approaches vary in expense. While
stormwater practices, on the whole, rank as the least cost effective management strategies, with a
potential pollution reduction capability approximately an order of magnitude smaller than the other
approaches when applied across the watershed, they will be an absolutely necessary tool in the
nutrient reduction approach in order to meet TMDL and other reduction goals.
Preliminary concept designs, estimates of pollutant load reduction benefits, and construction cost
estimates were developed for a handful of representative sites in the targeted study area, as
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examples of potential stormwater retrofits pilot projects that could be implemented. In addition,
pollutant loading estimates and implementation cost estimates are presented for a suite of
stormwater, wastewater and nonstructural management strategies applied at across the entire
Boynton ICA.
Recommendations presented in this plan, based on the site visits and modeling analysis, generally
include:






Fertilizer use reduction across the watershed, through the promulgation of local regulations.
Facilities served by septic systems, particularly along the barrier islands, should be
connected to the sewer for treatment at an existing centralized wastewater treatment facility.
The modeling analysis in this watershed plan shows that this is the most effective and least
costly approach (on a unit cost/lb TN removed basis) to improve the water quality and reduce
nitrogen loading from wastewater discharges.
Construction of stormwater retrofits at a handful of sites to serve as pilot projects, using as a
starting point the site assessments and concept plans developed as part of this plan.
Increased targeted water quality and flow monitoring at key inflow and outflow locations of
individual subwatersheds and water bodies (e.g., Lake Ida).
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1.0

INTRODUCTION

1.1

Approach

The Boynton Inlet Contributing Area (ICA) in southeast Florida includes Palm Beach County (PBC)
and portions of 17 municipalities. It is bounded by Lake Worth Road (State Road 802) to the north
and Yamato Road (State Road 794) to the south. The western boundary is approximately defined
by Water Conservation Area 1 (WCA1) and Florida State Road 7. The Boynton ICA is one of nine
ICA’s in southeast Florida that contribute land-based sources of pollution (LBSPs) to the Atlantic
Ocean and the coral reef system located off the coast of southeastern Florida.
The Boynton ICA is a large watershed comprising approximately 150 square miles in eastern Palm
Beach County, approximately half of which is occupied by residential land uses in the form of
Planned Unit Developments (PUDs) (41.1% of the ICA), single family residential (8.4% of the ICA)
and multi-family residential (3.8% of the ICA), and the remainder divided among roadways, golf
courses, commercial land uses and agriculture. The large size and complexity of urban land use in
this ICA presents a daunting challenge for watershed restoration planning. This project pilots a
methodology for rapid assessment and planning in large watersheds (>100 sq miles) to help
managers identify, evaluate, and focus long-term management approaches while at the same time
taking early implementation steps. Often times, the need (or perceived need) for expensive, very
detailed site specific information interferes with a big-picture approach to water quality management,
and hinders the ability of policy makers and managers to take action while continuing to gather
information. It is our hope that this watershed plan and the methodology used to develop it will serve
as an example for other watershed managers and stakeholders who strive to take action while
continuing to collect and analyze data. We also anticipate that this watershed plan, which addresses
in part the nine minimum elements of the EPA watershed planning approach (EPA, 2008), may
serve as a basis for focused efforts to secure grant funding for additional assessment and
implementation projects to mitigate
9 Minimum Elements of a Watershed Plan
pollutant loads.
(EPA, 2008)

Our initial approach was to develop a
management plan for a smaller,
representative subwatershed within the
Boynton ICA, and then extrapolate the
results to the larger Boynton ICA.
However, once we started examining
flow and water quality data, we
recognized that data availability and
monitoring locations were such that we
needed to develop our models at the
scale of the full Boynton ICA. Once we
did this, we were able to use our
watershed-scale assumptions about
pollutant loads from different land uses
to estimate the pollutant loads at the
subwatershed scale. We then

1. Identify and quantify sources of pollution in watershed
2. Identify water quality target or goal and pollutant
reductions needed to achieve goal
3. Identify the BMPs that will help to achieve reductions
needed to meet water quality goal/target
4. Describe the financial and technical assistance needed to
implement the identified BMPs
5. Describe the outreach to stakeholders and how their input
was incorporated and the role of stakeholders to implement
the plan
6. Estimate a schedule to implement BMPs identified in plan
7. Describe the milestones and estimated time frames for the
implementation of BMPs
8. Identify the criteria that will be used to assess water quality
improvement as the plan is implemented
9. Describe the monitoring plan that will collect water quality
data need to measure water quality improvement
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performed over 75 site visits across a smaller study area to better understand the existing conditions
on a variety of land uses and to evaluate load reduction potential of various restoration strategies,
(e.g., stormwater management practices, wastewater treatment and disposal practices, and fertilizer
reductions), which might be possible on different land use types. For 13 of these sites, selected as
representative examples of a variety of typical settings in the study area, we developed a retrofit
concept plan and planning level cost estimate to implement the recommended improvements. We
used the site assessment information to inform how we modeled the potential pollutant reductions
that could be achieved from individual or combined strategies within the subwatershed study area,
and then across the full Boynton ICA. This watershed plan documents these efforts and provides a
set of pollutant load reduction strategies that could be implemented across the Boynton ICA, with the
ultimate goal of improving the water quality in the coastal estuaries and near shore waters.
The modeling effort for this plan included an examination and collection of existing water quality and
canal flow data to develop a basic flow model of the watershed and a land-based pollutant loading
estimate of total nitrogen (TN), total phosphorus (TP) and total suspended solids (TSS) from the
watershed. This model was also used to establish a set of working estimates of pollutant loading
coefficients and loading rates for the different land uses in the Boynton ICA, as well as other landbased pollutant sources including fertilizer use and wastewater discharge. We also established from
existing research a set of pollutant reduction efficiencies for the most common types of stormwater
treatment practices found in the Boynton ICA and incorporated these into the pollutant loading model
to account for current stormwater management already implemented in the watershed.
Throughout this effort, we worked with local stakeholders to gather information and data; solicit
feedback on our assumptions and understanding; and inform our selections of the study area,
appropriate pollution reduction strategies and recommendations for consideration in this plan. We
built upon the network of stakeholders developed through our prior watershed planning effort across
southeast Florida (Pickering and Baker, 2015), and contracted with a local expert, Alan Wertepny,
PE, of the firm Mock•Roos, to provide local technical knowledge and expertise. In addition to
numerous communications with local stakeholders, we hosted two public meetings to present our
progress and solicit feedback and guidance for our next steps. The meeting summaries of these two
meetings (February 9, 2017 and October 18, 2017) are presented in Attachment A.
At the February 9, 2017 meeting, the model, loading estimates, loading coefficients and assumptions
applicable across the entire Boynton ICA were presented to project partners and stakeholders in the
region for refinement before using the model to evaluate the potential effectiveness of various
pollutant reduction strategies in the Boynton ICA. We also worked with stakeholders at a workshop
to select a subwatershed study area that would be representative of the Boynton ICA for our more
detailed assessment. The stakeholders concluded that Subwatershed ‘I’ (Figure 1) would be most
representative and advantageous to use as our focus. In addition, the subwatershed analysis
includes several land uses from Subwatershed ‘J’ that were representative of the development
patterns along the Intracoastal Waterway and the outer barrier beach setting, as well as agricultural
land uses in the western sections of the Boynton ICA. The subwatershed study area is described in
more detail in the following sections. At the October 18, 2107 meeting, we presented results and
observations from our more detailed site assessments within the focus area subwatersheds.
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1.2

Description of Boynton ICA

The Boynton ICA is the land area that generally drains to two major east-west canals, the C-15 and
the C-16, and ultimately discharges to the Intracoastal Waterway in the southern end of Lake Worth
Lagoon and then out to the Atlantic Coast via the Boynton Inlet (Figure 1). It stretches from the
municipality of Lake Worth in the northeast to Highland Beach in the southeast, and from the
Loxahatchee National Wildlife Refuge to the west to the Atlantic Ocean in the east. The Boynton
ICA is approximately 150 square miles in total, with approximately 128 square miles draining into the
Intracoastal Waterway via the C-15 and C-16 canals, and the remainder draining directly to the
Intracoastal Waterway.
Figure 1 presents the extent of the Boynton ICA as well as the 14 subwatersheds that were
delineated by HW for this project.
Historical development patterns in the Boynton ICA are typical of southeast Florida and can easily
be observed in aerial photographs of the area. Development in this area first occurred along the
Route 1 corridor, just west of the Intracoastal Waterway, in the late 1800s and early 1900s. This
area coincides with the railway, which was the first real transit that provided access and opportunity
for economic development. Dense residential neighborhoods and small urban centers developed
along this corridor, where a small ridge in the land provided some separation from the swamps to the
west and provided access to the Intracoastal Waterway to the east. With Route 1, and later I-95,
came population growth, and residential development began encroaching on the Intracoastal
Waterway and extending out to the barrier beach. The area to the west was converted to
agricultural use with the help of a large network of water management canals. Beginning
approximately in the 1980s, residential growth in this area rapidly expanded to the west facilitated by
the existence of the water management canals that could drain land to make it more accessible for
development. Residential development began to occur in large planned unit developments (PUD),
converting agricultural land to more profitable residential land. Notably, these PUDs were developed
in accordance with a set of land development regulations and stormwater management standards
implemented first through the stormwater rule in 1979 (Chapter 17-4.248, F.A.C), which was
updated significantly in 1985 (Livingston, no date), and then through the Environmental Resource
Permit program established in 1995, and which did not apply to the earlier land development in the
eastern portion of the ICA. Development along the Intracoastal Waterway and barrier islands also
increased rapidly during this time period. Many seasonal coastal residences were converted to
permanent residences, increasing the intensity of land use in the I-95 corridor. This population
growth and development boom has continued to today, continually pushing the interface between
residential planned unit developments and agriculture further to the west, and diminishing the extent
of agricultural land uses in the region.
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Figure 1. Boynton ICA and subwatershed boundaries
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1.3

Description of Subwatershed Study Area

The study area for this subwatershed plan includes Subwatershed ‘I’ of the Boynton ICA, as well as
portions of Subwatershed ‘J’ that represent additional land uses along the Route 1 corridor, the
Intracoastal Waterway and outer barrier beach setting (see Figure 2). In addition, we included a site
assessment, basic analysis and recommendations for agricultural lands located predominantly in the
western portion of the Boynton ICA, in order to incorporate all representative land uses into our
study.
Subwatershed ‘I’ includes: Lake Ida, a significant portion of the City of Boynton Beach, a small
densely developed portion of the City of Delray Beach, unincorporated areas of PBC, and portions of
the I-95 corridor managed by the Florida Department of Transportation (FDOT). Within its 18 square
miles, almost half (43%) of the subwatershed is comprised of residential land uses, followed by open
spaces, parks, and golf courses (20%) and highways and roads (15%). Subwatershed ‘J’ is smaller,
with 6.44 square miles, but has a similar proportion of residential development (42%), open spaces,
parks and golf courses (19%), and highways and roads (18%) ().

Table 1. Land use distribution in the Boynton ICA and Subwatersheds 'I' and 'J'.
Boynton ICA
Subwatershed I
Land Use Category
2
2
Area (mi )
%
Area (mi )
%

Subwatershed J
2

Area (mi )

%

Agriculture-Crops/Citrus/Pasture/Sod

9.35

6.3%

0.06

0.3%

0.00

0.0%

Agriculture-Equine

1.16

0.8%

0.03

0.2%

0.00

0.0%

Agriculture-Nurseries

1.70

1.1%

0.01

0.1%

0.00

0.0%

High Intensity Commercial

3.79

2.5%

0.27

1.5%

0.23

3.5%

Low Intensity Commercial

5.96

4.0%

0.95

5.3%

0.45

6.9%

Golf Course

10.80

7.2%

2.59

14.3%

0.31

4.8%

Light Industrial

2.37

1.6%

0.24

1.3%

0.05

0.8%

Low Density Residential

0.19

0.1%

0.04

0.2%

0.02

0.3%

Multi-Family Residential

5.74

3.8%

0.44

2.4%

0.87

13.3%

Open Space/Parks

7.95

5.3%

0.55

3.0%

0.77

11.8%

Planned Unit Development

61.46

41.1%

8.97

49.6%

0.05

0.8%

Highway/Roads

15.94

10.7%

1.74

9.6%

1.23

18.9%

Single Family Residential

12.55

8.4%

1.36

7.5%

1.76

27.0%

Uplands

2.38

1.6%

0.00

0.0%

0.11

1.7%

Wetlands

0.24

0.2%

0.00

0.0%

0.03

0.5%

Water

7.88

5.3%

0.83

4.6%

0.65

10.0%

TOTAL

149.47

100%

18.07

100.0%

6.52

100.0%
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Figure 2. Subwatersheds 'I' and 'J' of the Boynton ICA.
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1.4

Water quality impairments in study area

The goal of Boynton ICA watershed restoration is to reduce nutrient (TN and TP) and TSS loads
from LBSP to the coastal habitats that support the southeast Florida coral reef ecosystem. The
detailed mechanics of water circulation and flow through and within the Intracoastal Waterway and
the Boynton Inlet are not fully understood, documented or modeled to date, and are beyond the
scope of this project. The watershed management approach is based on the general understanding,
supported by NOAA and FDEP, that reducing the pollutant loads generated from the land within the
watershed will ultimately benefit the water quality in the estuarine system of the Intracoastal
Waterway that supports the coral reef ecosystem, as well as the coral reefs themselves.
The Florida Watershed Restoration Act sets out a process by which the water quality of surface
water bodies is assessed, and a plan is developed to improve the water quality of waters that are
‘impaired,’ as required under the Federal Clean Water Act. Water bodies are designated as
impaired when the water quality does not support the designated uses for those waters; impaired
waters become the focus of a formal process to reduce pollutant loading through watershed planning
and permitting (see Section 1.5).
FDEP uses a system of water body identification numbers (WBIDs) to identify water body units for
water quality tracking and impairment designation. Within the Boynton ICA, there are two lakes
within the Chain of Lakes that are designated as impaired by FDEP. These two impaired lakes are
Lake Ida, WBID 3262A within Subwatershed ‘I’, and Lake Osborne, WBID 3256A within
Subwatersheds ‘C’ and ‘G’, which are both impaired for the nutrients chlorophyll-a and phosphorus.
In addition, three canal WBIDs in the Boynton ICA are designated as impaired for nutrients as
measured by chlorophyll-a only: WBID 3262B1, which refers to the E-1 Canal in the southwestern
edge of the Boynton ICA; WBID 3262, which refers to a segment of the E-4 Canal in Subwatershed
‘M’ in Delray Beach; and WBID 3262D, which refers to a the E-3 Canal in Subwatershed ‘I’ located in
unincorporated PBC. The impaired water bodies within the Boynton ICA are presented in Figure 3.
Among the water quality impairments within the Boynton ICA, Lake Ida is a significant focus of
FDEP, which is using the regulation of municipal separate storm sewer systems (MS4s) under the
NPDES Program to require water quality improvements. A Total Maximum Daily Load (TMDL) has
been developed for Lake Ida to frame this effort. A TMDL is “the calculation of the maximum amount
of a pollutant allowed to enter a waterbody so that the waterbody will meet and continue to meet
water quality standards for that particular pollutant. A TMDL determines a pollutant reduction target
and allocates load reductions necessary to the source(s) of the pollutant.”1 The following section
provides a more detailed discussion of the Lake Ida TMDL.

1.5

Lake Ida TMDL

Lake Ida (WBID 3262A) is part of the Chain of Lakes Watershed, a series of lakes connected by the
E-4 Canal that runs north-south (see WBID 3262A in Figure 3). It is a Class III freshwater water
body, with designated uses of recreation, propagation, and maintenance of a healthy, well-balanced

1

https://www.epa.gov/tmdl/program-overview-total-maximum-daily-loads-tmdl
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Figure 3. Designated water body impairments in the Boynton ICA.
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population of fish and wildlife. Lake Ida, together with the nearby Lake Eden, was determined to be
impaired for nutrients in 2010 because it did not meet the applicable Class III narrative criterion that
states, “Nutrient concentrations of a body of water shall not be altered so as to cause an imbalance
in natural populations of aquatic flora or fauna.”2 To quantify this narrative criterion, impairment is
based upon calculation of the Trophic State Index (TSI), which in this case includes concentrations
for TN, TP, and chlorophyll-a (Chla). As a first step in determining impairment, the limiting
nutrient(s) of the water body must be identified. Lake Ida was found to be co-limited by both TN and
TP. In the case of co-limitation, the final TSI is the result of averaging the Chla TSI with both the TN
and TP TSIs. Lake Ida was listed as impaired because two final TSI annual averages exceeded the
required threshold value for nutrient impairment of 60 TSI.3 This threshold level of 60 TSI is Floridaspecific and is the level at which phytoplankton generally switch to communities dominated by bluegreen algae, which sets up unfavorable conditions for lakes.
Because it is listed as impaired, a TMDL was developed for Lake Ida in 2012, as required by Section
303(d) of the federal Clean Water Act (EPA, 2012). A TMDL quantifies the maximum amount of a
given causative pollutant that a water body can assimilate and still meet water quality standards,
including its applicable water quality criteria and its designated uses. In doing so, TMDLs set
important water quality restoration goals. The goal of the Lake Ida TMDL is to identify the maximum
allowable TN and TP loadings (the causative pollutants) from the watershed so that Lake Ida will
meet the narrative nutrient criteria and thereby maintain its designated use as a Class III water.
In the TMDL, modeling was used to determine the assimilative capacity of Lake Ida, resulting in inlake target concentrations for TN and TP of 0.857 mg/L and 0.062 mg/L, respectively. At (or below)
these in-lake concentrations of nutrients, the algal response in the lake is thought to be favorable
(i.e., not too much blue-green algae). To achieve these target concentrations, it was determined that
the watershed loads needed to be reduced by 20% for TN and 45% for TP.
The TMDL allocates acceptable loads among all of the
known pollutant sources in the watershed so that
appropriate control measures can be implemented to
achieve the water quality standards. The TMDL is
expressed as a sum of the point source loads (Wasteload
Allocations or WLAs), nonpoint source loads (Load
Allocations or LAs), and an appropriate margin of safety
(MOS). The following sources of TN and TP were
identified in the Lake Ida watershed:


Lake Ida TMDL
TN

TP

In-Lake Target (mg/L)

0.857

0.062

Watershed Reduction

20%

45%

Point sources (WLAs):
o

o

One National Pollution Discharge Elimination System (NPDES) MS4 permit, which is
held by PBC & Co Permittees (Phase I FLS000018), which includes Florida
Department of Transportation (FDOT) Turnpike District/District 4
No NPDES permitted wastewater facilities

2

Rule 62-302.530(48)(b), FAC
For more information on how the Florida Department of Environmental Protection identified impaired
waters, refer to the Identification of Impaired Surface Water Rule, Rule 62-303, FAC.
3
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Nonpoint sources (LAs):
o

o
o

Onsite sewage treatment and disposal systems (OSTDSs), or septic systems, which
often failing to provide effective nutrient removal due to porous soils and high
groundwater levels or due to being installed too close to irrigation wells that
drawdown untreated wastewater
Sanitary sewer overflows (SSOs), especially during storm events
Wildlife impacts, particularly bird feces

The WLAs for stormwater were calculated as a percent reduction, rather than the more typical mass
per day that is used for point sources, because it is difficult to quantify loads from MS4s and
challenging to distinguish loads from MS4s from other nonpoint sources. As summarized in Table 2,
the TMDL for Lake Ida is expressed in terms of percent reductions from watershed TN and TP, and
in-lake target TN and TP concentrations that represent the long-term annual average load of TN and
TP the water body can assimilate and still maintain the Class III narrative nutrient criterion.
Table 2. TMDL components for nutrients in Lake Ida (from the 2012 Lake Ida TMDL (EPA 2012)).
WLA
Parameter

TMDL
Wastewater

NPDES Stormwater
(% reduction)

LA
(% reduction)

MOS

TN

0.857 mg/L

N/A

20%

20%

Implicit

TP

0.062 mg/L

N/A

45%

45%

Implicit

Notes: N/A = Not Applicable

As Table 2 shows, in order to meet the TMDL, the MS4 permit holders (PBC & Co, including FDOT
Turnpike District/District 4) must reduce the anthropogenic loads associated with stormwater outfalls
that it owns or has responsibility for by 20% for TN and by 45% for TP. The permit holder is not
responsible for reducing other nonpoint source loads in its jurisdiction. The nonpoint source loads
(LAs) must also be reduced by 20% for TN and 45% for TP. It should be noted that the nonpoint
sources (LAs) include loading from stormwater discharges regulated by FDEP and the water
management districts that are not part of the NPDES stormwater program.4
The TMDL report, completed in 2012, is supposed to be followed by the development and
implementation of a restoration plan to meet the TMDL goals set out in Table 2. This is often
accomplished cooperatively with stakeholders by creating a Best Management Action Plan (BMAP).
Among other components, the BMAP typically includes load reduction requirements for stakeholders
and a description of load reduction activities to be undertaken (e.g., best management practices
(BMPs)). As of the date of this report, a BMAP has not been created for the Lake Ida TMDL. The
recommended pollutant loading reduction strategies in this watershed management plan may serve
to inform the future BMAP or surrogate action plan.
FDEP has been working with stakeholders to address the challenges and constraints of developing
BMAPs by developing alternative collaborative watershed based plans that provide reasonable
assurances of improvement to water quality in impaired waters. One purpose of this Reasonable
4

See Appendix A of EPA (2012).
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Assurance Plan (RAP) approach is to avoid regulation and permit limits through TMDLs, which can
place an undue strain on the local stakeholders. RAPs allow the stakeholders to help define and
commit to the best methods to achieve water quality improvements (i.e., a bottom up approach to
regulation). Examples of this more collaborative approach include the Florida Keys RAP, the Tampa
Bay Estuary RAP, the Shell, Prairie and Joshua Creeks RAP, and the Lake Seminole RAP
(https://floridadep.gov/dear/watershed-assessment-section/content/4b-assessments-raps).
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2.0

POLLUTANT LOADING

The purpose of this section is to document the procedure for estimating the nutrient and sediment
pollutant loads from the Boynton ICA to the Intracoastal Waterway. In Section 5.0 of this report, we
will evaluate the pollutant loading reductions that may be achieved by implementing various nonstructural and structural pollutant reduction strategies. This is the first step in developing a
watershed management plan to reduce nutrient and sediment pollutant load from the Boynton ICA to
the local receiving waters.
The ArcHydro Enhanced Database (AHED) developed by the South Florida Water Management
District (SFWMD) was previously used to delineate ICAs for all of the nine inlets in Southeast Florida
(Pickering and Baker, 2015). These ICAs were developed with assistance and feedback from
SFWMD for purposes of this study. This watershed plan addresses the Boynton ICA, one of the
nine ICA’s in southeast Florida. Within the Boynton ICA, we delineated 15 subwatersheds in
consultation with Mock•Roos Associates (HW’s local subconsultant for this project), PBC, FDEP,
and the Lake Worth Drainage District (LWDD).
The water flow model and pollutant loading model used in this watershed assessment were
developed for the entire Boynton ICA, and then the resulting land use pollutant loading assumptions
were applied at the subwatershed scale to estimate pollutant loading and potential load reductions
within the smaller study area. Because of the limited locations for which we could access existing
coincident flow and water quality data, we could only validate our model results at the Boynton ICA
scale. The followings sections present a discussion of the model and model results.

2.1

Compilation and Characterization of Existing Materials

2.1.1

GIS Mapping

Base maps containing subwatershed boundaries, primary roads, and the primary and secondary
canal systems provided a basis for analysis of pollutant loading and pollutant load reduction
modeling. Other data served as inputs to the watershed load model, including: land use types,
areas served by septic systems, areas with known stormwater management practices, MS4s, well
locations, flow control/monitoring structures and water quality monitoring locations. Most of these
model input layers originated from FDEP or PBC GIS data layers, and some were refined based on
local knowledge for use in this project. These are further described below.
2.1.2

Flow Monitoring

There are 11 flow-monitoring sites within the Boynton ICA either maintained by SFWMD or LWDD.
Of these sites, the most important are at the S40 and S41 structures at the outlets of the C-15 and
C16 canal, respectively. These two sites were used to quantify the total surface water flow out of the
ICA via the canal system into the Intracoastal Waterway. Three structures (G94A, G94B, and
G94C) at the western edge of the Boynton ICA near the WCA1 were used to quantify the total
surface water flow into the Boynton ICA (Figure 4). Daily flows were averaged over the last 10 years
to give an annual average inflow and outflow for the Boynton ICA.
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Figure 4. Location of key flow control structures managing flow into and out of the Boynton ICA
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2.1.3

Water Quality Monitoring Locations

According to the data reviewed, there are over 570 water quality monitoring sites within the Boynton
ICA, and over 340 of them have nutrient measurements. Of these sites, the most important sites for
characterizing the water quality discharging from the Boynton ICA are at the outlets to the C-15
canal (C14S40) and the C16 canal (C16S41). The data for these sites were compiled by
Mock•Roos in the annual PBC MS4 reports from the Environmental Protection Agency’s (EPA)
STORET database and PBC and FDEP sources. Water quality monitoring sites LOX6, LOX7, and
LOXA124 in the WCA1 on the western edge of the Boynton ICA were used to characterize the water
quality entering the watershed. The nutrient data from these sites were extracted from SFWMD’s
water quality database (DBHYDRO. These key water quality monitoring location are presented in
Figure 5.
Periodic water quality measurements were averaged over the last 5 years to give an annual average
inflow and outflow water quality concentration for the Boynton ICA. The average nutrient
concentrations from these sites were used in combination with the average flow measurements to
quantify the average nutrient loads leaving the canal system (i.e., a best available estimate of loads
discharging from the Boynton ICA).
2.1.4

Subwatershed Boundaries

Subwatersheds were delineated within the Boynton ICA. Flow directions given in the HydroEdge
layer of the AHED database (SFWMD, 2016a) and water level control depths given in a map from
the Lake Worth Drainage District (LWDD, 2014) enabled us to develop a draft map that subdivided
the ICA into 15 smaller subwatersheds. The water control structures that are located along two
north-south roads (Jog Road and Military Trail) form north-south boundaries to the new
subwatersheds. A draft subwatershed map was presented at a February 2017 stakeholder meeting
and confirmed based on feedback from Mock•Roos, PBC and LWDD Staff.
2.1.5

Modified Land Use

In order to use the land use data layer to aid in estimating pollutant loads, the original PBC existing
land use data layer (Palm Beach County, 2013) was modified. After discussion with stakeholders
and researching the watershed, we decided it would be useful to separate out the Planned Unit
Developments (PUDs) from other residential development types. PUDs in this context refer to large
residential developments that are managed by homeowner associations with their own bylaws,
maintenance arrangements, and access limitations. These PUDs are responsible for their own
stormwater management and landscaping maintenance. The decision to separate out PUDs from
other land use categories is based on the understanding that PUDs have been, and continue to be,
permitted and constructed in accordance with a set of effective applicable stormwater management
standards, in contrast to other older residential development. PUDs are generally recognizable by a
unique development pattern of regular lots along internal neighborhood roads within large tracts or
blocks, with large man-made stormwater basins; thus, we could create an estimated PUD data layer
by delineating PUDs using parcel boundaries and aerial photography (Figure 6). The PUD category
includes a mixture of different base residential land use categories in the original land use layer;
therefore, the population density and loading coefficients for PUDs were all calculated as an area
weighted average using the numbers from the underlying land use categories (see loading
discussion later in this report).
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Figure 5. Locations of Key Water Quality Monitoring Sites
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Figure 6. Estimated delineation of ‘planned unit developments’ (shaded green) within the Boynton ICA
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2.2

Water Budget for the Boynton ICA

A water budget was developed for the area within the Boynton ICA above the canal outlet (127.8 sq.
mi.) in order to quantify water quantity inputs and outputs to the Boynton ICA and to provide a better
estimate of the land-based flow component delivering pollutants to the Intracoastal Waterway.
Defining the land-based runoff as accurately as possible is important for determining the land-based
pollutant load that can be managed with source controls or through improved or additional BMP
designs for nutrient and sediment removal.
Flow data and estimates were compiled from a variety of sources to provide the most
comprehensive understanding of flows through the Boynton ICA. Measured values were determined
from existing SFWMD data, modeled values were extracted from the South Florida Water
Management Model (SFWMM), and estimated values were compiled based on best available data.
2.2.1

Canal Flows

Ten years of daily flow data (2005-2014) were used from the SFWMD canal structures at the inflow
structures at western ICA boundary near the WCA1 (G94A, G94B, G94C) and at the outflow
structures just upstream of the estuary at a subwatershed boundary (S40, S41). Daily flows were
averaged over the last 10 years to give an annual average inflow and outflow for the Boynton ICA.
2.2.2

Groundwater Flows

Groundwater inflows were extracted from ten years (1996-2005) of modeled groundwater flow data
from the SFWMM model at the western ICA boundary near the WCA1 (SFWMM model rows 44-52
and columns 35-36) and at the outflow to the estuary at the eastern ICA boundary (SFWMM model
rows 44-52 and columns 39-40). Actual groundwater flows were scaled from the SFWMM model
values using the ratio of the ICA length from north to south to total model cell length covering the
ICA boundaries.
2.2.3

Municipal and Industrial Water Flows

Public and industrial water withdrawals were extracted from the entire SFWMM model simulation
period (1965-2005) for the cells covering the ICA area (model rows 44-52 and columns 35-40).
According to SFWMD, these data actually represent 2012 pumping values and are therefore
considered to be representative of current conditions (SFWMD, pers. comm.). Urban withdrawals
were scaled from the SFWMM grid values using the ratio of the ICA area to total grid area covering
the ICA. Return flow from public and industrial irrigation was assumed to be 50% (a typical value) of
the irrigation use (assumed to be 30% of total use), which gives 15% (50% times 30%) of the total
withdrawals. Wastewater recharge was assumed to be 80% (SFWMD, 2016b) of the nonconsumptive use (assumed to be 70% of total use), which gives 56% (80% times 70%) of the total
withdrawals.
2.2.4

Septic Return Flows

Septic return flows (i.e. private wastewater) were determined from a GIS layer of septic areas
combined with population estimates for those areas. Population density was determined for each
land use by intersecting the PBC land use layer with the census tract data and determining average
population density by land use class. The values for each land use class were adjusted slightly by
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lowering the population density for barren areas (highways, open spaces, etc.) and increasing the
populated land use classes (residential), while still preserving total PBC population of about 1.3
million people. The final population density estimates for each land use are presented in Table 3.
The population density for the planned unit development land use category created by HW for this
analysis is an area-weighted average of the population densities from the base land uses comprising
the PUD category.
Table 3. Population density by FDEP land use class
FDEP Category

Population Density (people/acre)

Agriculture-Crops/Citrus/Pasture/Sod

0.2

Agriculture-Equine

1

Agriculture-Nurseries

1

Light Industrial

5

Low Intensity Commercial

4

High Intensity Commercial

2

Highway/Roads

3

Low Density Residential

3

Single Family Residential

5

Multi-Family Residential

9

Planned Unit Development

3.68

Golf Course

2

Open Space/Parks

0.2

Uplands

0.2

Wetlands

0.2

Water

0.2

The flow of private wastewater returning to the watershed via septic systems (septic return flow) was
estimated by assuming a non-consumptive use of 48 gallons/person/day (FDOH, 2015). Based on
an estimated 32,409 people in the Boynton ICA on septic systems, the estimated septic return flow
is 1.6 million gallons per day (mgd). Private well withdrawals were estimated by dividing this number
by the estimated percentage of non-consumptive use (assumed to 70% of total use). Return flow
from private irrigation was assumed to be 50% (a typical value) of the irrigation use (assumed to be
30% of total use), which results in 15% (50% times 30%) of the total withdrawals.
2.2.5

Agricultural Water Flows

Agricultural water withdrawals were also extracted from the ten years (1996-2005) of agricultural
withdrawal data from the SFWMM model for all the model cells covering the ICA area. Actual
agricultural withdrawals were scaled from the SFWMM grid values using the ratio of the ICA area to
total grid area covering the ICA. Return flow from agricultural irrigation was assumed to be 50% (a
typical value) of the total agricultural withdrawal.
2.2.6

Water Budget Calculation

Net flow overland is the difference between the flow into the ICA and the measured flow out of the
ICA. The flow into the ICA is comprised of flows measured at the monitoring structures 94A, 94B
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and 94C, groundwater flow into ICA, estimated flows into the ground from the recharge of public and
industrial wastewater and septic systems, and estimated flows into the ground form public and
industrial irrigation as well as private residential irrigation. The flow out of the ICA is comprised of
flows discharging from the S4 and S41 flow structures on the C-15 and C-16 canals, the estimated
groundwater flows out of the ICA, and withdrawals for public and industrial water supply, private
water supply, and agricultural irrigation. An annual water budget for this area was estimated for a
period that corresponds roughly to the last 10 years, depending on data availability. The budget
equation is given below as:
Q-LANDnet = Q-G94Ain + Q-G94Bin + Q-G94Cin + Q-GWin + Q-RPUBrf + Q-WPUBrf +
Q-WRPRVrf + Q-WPRVrf + Q-WAGRrf – Q-S40out – Q-S41out – Q-GWout –
Q-WPUBout – Q-WPRVout - Q-WAGRout
where:
Q-LANDnet
Q-G94Ain
Q-G94Bin
Q-G94Cin
Q-GWin
Q-RPUBrf
Q-WPUBrf
Q-WRPRVrf
Q-WPRVrf
Q-WAGRrf
Q-S40out
Q-S41out
Q-GWout
Q-WPUBout
Q-WPRVout
Q-WAGRout

= Calculated net land flow (P-ET)
= Measured G94A flow
= Measured G94B flow
= Measured G94C flow
= Modeled groundwater flow
= Estimated public & industrial recharge from wastewater
= Estimated public & industrial irrigation return flow
= Estimated private septic return flows
= Estimated private irrigation return flow
= Estimated agricultural water irrigation return flow
= Measured S40 flow
= Measured S41 flow
= Measured groundwater flow
= Modeled public and industrial well withdrawals
= Estimated private well withdrawals
= Modeled agricultural irrigation withdrawals

Individual categories of net flows are calculated as follows:
Net Land Runoff =

calculated net land flow

Net Canal Flow =

canal inflow (G94A, G94B, and G94C) – canal outflow (S40, S41)

Net Groundwater Flow = groundwater flow in – groundwater flow out
Net Agric Well Flow =

agricultural water irrigation return flow – agricultural irrigation
withdrawals

Net Private Well Flow =

private septic system returns – private well withdrawals

Net Pub/Ind Well Flow = pub/ind recharge from wastewater + pub/ind irrigation return flow –
pub/ind well withdrawals
Boynton ICA Watershed Management Plan
Palm Beach County, FL

Horsley Witten Group, Inc.
June 2018
Page 21

The flow rates and associated data sources used in the water budget calculations are provided in
Table 4 and the net flows are presented in a pie chart in Figure 7. Based on this model and its
assumptions, the total overland flow (including both surface runoff and groundwater flow into
ditches) for the Boynton ICA watershed above the S40 and S41 structures is estimated to be 31.25
inches per year (in/yr).
Table 4. Annual water budget for Boynton ICA
Flow
(cfs)

Flow
(mgd)

Flow
(in)

Measured G94C flow

9.2

5.9

0.97

SFWMD measured 2005-2014

Measured G94B flow

2.7

1.7

0.29

SFWMD measured 2005-2014

Measured G94A flow

13.1

8.5

1.40

SFWMD measured 2005-2014

Modeled groundwater flow

10.8

6.9

1.14

SFWMM 1965-2005 (scaled to model rows
44-52)

47.9

31.0

5.09

56% of urban well withdrawals

12.8

8.3

1.36

15% of urban well withdrawals

Estimated private septic return flows

2.4

1.6

0.26

Private non-consumptive use
(population*70 gppd)

Estimated private irrigation return flow

0.5

0.3

0.05

15% of private well withdrawals

Estimated agricultural water irrigation return
flow

28.8

18.6

3.06

50% of agricultural withdrawals

Measured S40 flow

-65.6

-42.4

-6.96

SFWMD measured 2005-2014

Measured S41 flow

-186.2

-120.3

-19.77

SFWMD measured 2005-2014

Measured groundwater flow

-24.2

-15.6

-2.57

Modeled public and industrial well
withdrawals

-85.6

-55.3

-9.08

Estimated private well withdrawals

-3.4

-2.2

-0.37

143% of private non-consumptive use

Modeled agricultural irrigation withdrawals

-57.7

-37.3

-6.13

SFWMM 1996-2005 (above C-15 & C-16
outlets only)

Calculated net land flow

294.4

190.3

31.25

Calculated from flows in and out of the ICA

Source

Estimated public & industrial recharge from
wastewater
Estimated public & industrial irrigation return
flow

Notes:

Flow Source

SFWMM 1965-2005 (scaled to model rows
44-52)
SFWMM 1996-2005 (above C-15 & C-16
outlets only)

cfs = cubic feet per second, mgd = million gallons per day, in = inches across the watershed
Negative flows indicate flows out of the watershed. Positive numbers indicate flows into the watershed.
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Canal flow
-24.08

Land runoff
31.25

GW Flow
-1.43

Agric Well Flow
-3.06

Priv Well Flow
-0.05

Pub/Indl Well Flow
-2.63

Figure 7. Net flows (watershed inches/year) through the Boynton ICA

2.3

Pollutant Budget for the Boynton ICA

Nitrogen, phosphorus and sediment budgets were also developed for the drainage area above the
canal outlets (127.8 square miles) using the above flows and appropriate constituent concentrations
observed in the water quality monitoring data. Periodic water quality measurements were averaged
over the last 5 years to give an annual average inflow and outflow water quality concentration for the
Boynton ICA
2.3.1

Canal Water Quality

Measured canal inflow concentrations were determined from five years of water quality (WQ) data
(2010-2014) from WQ stations in WCA1 (LOX6, LOX7 and LOXA126) near the G94A, G94B and
G94C inflow structures. Canal outflow concentrations were determined at the WQ stations near the
outlets to the estuary (C14S40 and C516S41) at the outflow structures S40 and S41.
2.3.2

Groundwater Quality

Groundwater quality was estimated from a variety of sources. Groundwater and well withdrawal
concentrations were estimated from available groundwater data, septic concentrations were
estimated from literature values (FDOH, 2015; Lowe et al., 2009), wastewater return concentrations
were set below the maximum allowable values for advanced wastewater treatment (FS, no date),
while irrigation return flow concentrations were estimated at twice the groundwater values (best
professional judgment).
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2.3.3

Pollutant Budgets

Annual pollutant budgets for TN, TP, and TSS were determined for a period that corresponds
roughly to the last 10 years depending on data availability. The pollutant loading budget calculation
mimics the flow calculations in structure, and uses the same categories of watershed inputs and
outputs. All the variables have the same definitions as they do in the water budget but are preceded
by a “P” instead of a “Q” to represent annual pollutant loads (in pounds per year (lb/yr)).
The budget equation is given below as:
P-LANDnet = PG94Ain + PG94Bin + PG94Cin + PGWin + PRPUBrf + PWPUBrf + PWRPRVrf +
PWPRVrf + PWAGRrf – PS40out – PS41out – PGWout – PWPUBout – PWPRVout
– PWAGRout
The details of the water budget are presented in Table 4 and presented graphically in Figure 7. A
summary of the pollutant budgets is given in Table 5 showing the assumed concentrations and loads
with figures for net pollutant loads following. The annual nitrogen, phosphorus and sediment loads
generated in the watershed above the S40 and S41 structures were estimated to be 366,813 lbs/yr
TN, 38,807 lbs/yr TP, and 2,243,533 lbs/yr TSS.
Table 5. Nitrogen, phosphorus and sediment loads for Boynton ICA
TN Conc.
TN Load
Source
(mg/L)
(lb/yr)

TP Conc.
(mg/L)

TP Load
(lb/yr)

TSS Conc.
(mg/L)

TSS Load
(lb/yr)

19,848

0.02

271

0.50

9,022

Measured G94C flow

1.10

Measured G94B flow

1.10

5,827

0.02

79

0.50

2,648

Measured G94A flow

1.10

28,459

0.02

388

0.50

12,936

Modeled groundwater flow

1.10

23,285

0.01

212

0.01

212

2.00

188,661

0.05

4,717

0.03

2,830

4.20

106,122

0.10

2,527

0.02

505

Estimated private septic returns

46.22

219,035

0.05

237

0.03

142

Estimated private irrigation return flow

4.20

4,265

0.10

102

0.02

20

Estimated agricultural water irrigation
return flow

4.20

238,530

0.15

8,519

0.03

1,704

Measured S41 flow

1.00

-366,584

0.06

-21,995

5.30

-1,942,896

Measured S40 flow

0.99

-127,826

0.11

-14,203

2.50

-322,793

Measured groundwater flow

2.10

-99,949

0.05

-2,380

0.02

-952

Modeled public and industrial well
withdrawals

2.10

-353,739

0.05

-8,422

0.02

-3,369

Estimated private well withdrawals

2.10

-14,216

0.05

-338

0.02

-135

Modeled agricultural irrigation
withdrawals

2.10

-238,530

0.08

-8,519

0.03

-3,408

Calculated net load in the land flow

0.63

366,813

0.07

38,807

3.87

2,243,533

Estimated public & industrial recharge
from wastewater
Estimated public & industrial irrigation
return flow

Notes: mg/L = milligrams per liter, lb/yr = pounds per year
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Figure 8, Figure 9 and Figure 10 show the nitrogen, phosphorous, and TSS budgets for the Boynton
ICA, respectively.

Land runoff
366,813

Canal flow
-440,276

Agric Well Flow
0

GW Flow
-76,664

Priv Well Flow
209,084

Pub/Indl Well Flow
-58,957
Figure 8. Total nitrogen budget (lb/yr) for Boynton ICA

Canal flow
-35,460

Land runoff
38,807

Agric Well Flow
0

Priv Well Flow
0
GW Flow
-2,168

Pub/Indl Well Flow
-1,179

Figure 9. Total phosphorus budget (lb/yr) for Boynton ICA
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Land runoff
2,243,533

Canal flow
-2,241,082

Agric Well Flow
-1,704

Priv Well Flow
27

Pub/Indl Well Flow
-34

GW Flow
-740

Figure 10. Total suspended solids budget (lbs/yr) for Boynton ICA

2.4

Land-based Pollutant Load Modeling

The land-based loads estimated in the budget analysis above were used to calibrate a land-use
based model for the Boynton ICA watershed upgradient of the S40 and S41 structures. This landbased model will be useful for identifying land uses and locations where there are high source loads.
This information will also be useful for evaluating mitigation options.
GIS was used to create the overlay data needed for the load modeling analysis. The data for each
individual polygon were derived by combining the GIS data layers presented in Table 6, using the
“union” function.
Table 6. GIS data used in load modeling
GIS Layer Description

Data Fields Used

Number

Layer Source

Land Use

DEP, Category

16*

PBC, Mock Roos, HW

BMP Type

HW_Type

9

PBC, Mock Roos, HW

Septic

Sep_Served

2

PBC, Mock Roos

Population Density

POPDEN_est

16

HW

Soil Type

HYDGRP

4

PBC, Mock Roos

MS4 Boundaries

SYS_OWN

19

PBC, Mock Roos

Subwatersheds
* Included planned unit development (PUD)

Subws

15

HW

Boynton ICA Watershed Management Plan
Palm Beach County, FL

Horsley Witten Group, Inc.
June 2018
Page 26

2.4.1

Loading Model

Pollutant loads generated by individual land uses in the Boynton ICA were calculated by calibrating
the estimates against the net watershed pollutant loads presented in the prior section. Land use
based loads for each land use are calculated as the product of the land area and the loading
coefficient for that land use polygon, and are then adjusted for the load reductions provided by
existing stormwater BMPs as well as the load increases provided by septic systems.
The land-based loading model for each land use polygon is given by:
LULoad = LoadCoeff * Area * (1-BMPred) + Septic Load
where
LULoad
LoadCoeff
BMPred
SepLoad
2.4.2

= land use constituent load (lb/yr)
= land use loading coefficient (lb/ac/yr)
= reduction in land use load from known BMP (fraction)
= septic load for TN only (lb/yr)

Loading Coefficients

Land-based loading coefficients for TN, TP, and TSS were derived from two principal sources:
Harper & Baker (2007) and Zheng (2011). The first source, Harper and Baker (2007), provides
event mean concentrations (EMCs) for nitrogen, phosphorus and sediment for a number of land use
classes with runoff coefficients by land use and hydrologic soil group. The annual loading rates
(lb/ac/yr) for nitrogen, phosphorus and sediment were computed using the average runoff coefficient
over the four hydrologic soil groups with the EMCs. Zheng (2011) reported the land-based loading
coefficients for TN and TP, but not for TSS.
The land use loading coefficients for TN and TP from both studies were found to be similar to one
another for the urban land uses; however, for the agricultural classes, Zheng (2011) loads were
approximately twice the loads presented in Harper and Baker (2007). Since Harper is widely
considered an expert in Florida urban runoff water quality, and since Zheng (2011) is more heavily
focused on agricultural runoff than urban runoff, HW used the Harper and Baker (2007) loads for the
urban land uses and the Zheng (2011) loads for the agricultural land uses. Zheng (2011) did not
include any TSS load estimates, so HW used agricultural TSS load estimates from Harper and
Baker (2007). Table 7 summarizes the literature values used in the initial loading model calibration.
Table 7. Initial land use loading coefficients
TN Load (lb/ac/yr)

TP Load
(lb/ac/yr)

Agriculture-Crops/Citrus/Pasture/Sod

4.2

0.7

56.9

Agriculture-Equine

12.5

1.8

250.0

Agriculture-Nurseries

3.9

0.3

27.0

Light Industrial

7.0

1.5

349.7

Low Intensity Commercial

6.9

1.0

335.2

High Intensity Commercial

18.5

2.7

537.1

Highway/Roads

11.0

1.5

250.2

Category
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TN Load (lb/ac/yr)

TP Load
(lb/ac/yr)

Low Density Residential

3.7

0.4

53.4

Single Family Residential

6.7

1.1

120.9

Multi-Family Residential

13.5

3.0

453.5

Planned Urban Development

7.0

1.2

169.6

Golf Course

4.0

0.7

109.0

Open Space/Parks

3.7

0.4

53.4

Uplands

1.3

0.1

9.7

Wetlands

1.0

0.2

5.0

Water

1.0

0.2

5.0

Category

TSS Load
(lb/ac/yr)

Notes: lb/ac/yr = pounds per acre per year

2.4.3

Pollutant Reduction Estimates for Existing Stormwater Practices

Land areas associated with existing stormwater practices were identified in the GIS data layer
provided to HW by Mock•Roos. The data layer includes mapped areas for a host of stormwater
management practices, including dry detention basins, exfiltration basins, proprietary control
devices, wet detention basins and combinations of these practices. By far, the most common
existing stormwater practice in the Boynton ICA is the wet detention basin. Each stormwater control
listed in Table 8 was assigned a pollution reduction coefficient based on the accepted values
reported by FDEP (FDEP 2016).
Table 8. Pollutant reductions for existing stormwater practices
Types of Existing Stormwater Practices

TN Reduction (%)

TP Reduction (%)

TSS Reduction (%)

Dry Detention Basin (Dry)

10

10

50

Exfiltration Basin (Exf)

45

65

90

Proprietary Control Device (PCD)

30

40

90

Wet Detention Basin (Wet)

50

80

90

Dry/PCD in combination

37

46

95

Dry/Wet in combination

55

82

95

Exf/Dry in combination

51

69

95

Exf/PCD in combination

62

79

99

2.4.4

Septic Loads

Areas with septic systems, or OSTDS, were identified by the Sep_Served variable in the septic
system data layer. Nitrogen loads from OSTDS were calculated using the land use based
population density and an annual per capita nitrogen loading rate. HW used two reports (Lowe et
al., 2009; FDOH, 2015) to estimate the average nitrogen load in septic system effluent to be 9.0
pounds of nitrogen per person per year (lb N/person/yr). That number was then reduced by 25% to
account for losses in the drain field (MEP, 2006), resulting in an estimated net loading rate to
groundwater of 6.75 lb N/person/year from septic systems. No septic loads were estimated for
phosphorus or total suspended solids.
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2.4.5

Calibration

HW calibrated the estimated nutrient loading rates to match the estimated land-based loads
presented earlier in Table 5 for the Boynton ICA drainage area above the canal outlets (127.8
square miles). The relative relationship of loading rates among land uses was preserved by simply
scaling all the values up or down using a common multiplier. The scaling coefficients used for TN,
TP and TSS were 0.95, 0.87 and 0.40, respectively. The calibrated land use coefficients used in our
analysis are presented in Table 9.
Table 9. Final land use loading coefficients
TN Load (lb/ac/yr)

TP Load
(lb/ac/yr)

TSS Load
(lb/ac/yr)

Agriculture-Crops/Citrus/Pasture/Sod

4.0

0.6

22.5

Agriculture-Equine

11.9

1.6

98.8

Agriculture-Nurseries

3.7

0.3

10.7

Light Industrial

6.6

1.3

138.1

Low Intensity Commercial

6.5

0.9

132.4

High Intensity Commercial

17.6

2.3

212.2

Highway/Roads

10.5

1.3

98.8

Low Density Residential

3.6

0.4

21.1

Single Family Residential

6.3

0.9

47.8

Multi-Family Residential

12.8

2.6

179.1

Planned Urban Development

6.7

1.0

67.0

Golf Course

3.8

0.6

43.1

Open Space/Parks

3.6

0.4

21.1

Uplands

1.3

0.1

3.8

Wetlands

1.0

0.2

2.0

Water

1.0

0.2

2.0

Category

These values were applied to the land uses within each subwatershed to calculate an estimated load
of TN, TP and TSS in each of the 15 subwatersheds of the Boynton ICA. These loads are presented
in Table 10.
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Table 10. Nitrogen, phosphorus and sediment loads for Boynton subwatersheds

2.4.6

2

Subwatershed

Area (mi )

TN Load (lb/yr)

TP Load (lb/yr)

TSS Load (lb/yr)

A

6.8

50,195

2,217

123,917

B

4.1

27,952

1,707

106,188

C

5.7

42,880

2,763

197,151

D

9.5

43,667

5,970

413,876

E

15.6

55,738

3,060

137,767

F

7.6

29,829

1,732

83,263

G

12.0

76,349

3,731

214,095

H

21.8

85,367

6,188

295,132

I

18.1

60,086

5,179

323,483

J

6.5

44,614

4,212

284,541

K

14.0

54,309

3,158

145,956

L

7.7

29,926

1,711

86,704

M

15.3

64,015

7,483

522,173

N

4.8

25,670

3,848

276,518

ALL

149.5

690,595

52,960

3,210,765

Lake Ida

Subwatershed 'I' is the only subwatershed within the Boynton ICA that has a TMDL, which
established pollutant load reduction goals for TN and TP. Since the MS4s in this subwatershed
have regulatory responsibilities associated with meeting the restoration goals, the MS4s requested
that HW provide assistance in estimating the existing MS4 loads. In response, HW performed
additional pollutant loading analyses for the areas within the MS4 boundaries within Subwatershed
‘I,’ using MS4 information provided by Mock•Roos. Pollutant loading contributions from each of the
four affected Palm Beach County MS4s (Boynton Beach, Delray Beach, FDOT District IV and Palm
Beach County) are presented in Table 11 and a map of the MS4 contributing areas within
Subwatershed ‘I’ is shown in Figure 11.
Table 11. Nitrogen, phosphorus and sediment loads for MS4 Areas within Subwatershed ‘I’
MS4 Area Within Subwatershed I

TN Load (lb/yr)

TP Load (lb/yr)

TSS Load (lb/yr)

3,396

225

7,562

Boynton Beach MS4
Delray Beach MS4
FDOT District IV

648

93

5,785

2,799

340

25,621

Palm Beach County

3,487

392

29,102

ALL MS4

10,330

1,050

68,070

ALL Subwatershed ‘I’

60,086

5,179

323,483

ALL MS4
(as % of Subwatershed ‘I’)

17.2%

20.3%

21.0%
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Figure 11. MS4 Areas within Subwatershed ‘I’

Boynton ICA Watershed Management Plan
Palm Beach County, FL

Horsley Witten Group, Inc.
June 2018
Page 31

3.0

SITE ASSESSMENTS

The Boynton ICA is too large to be assessed within the scope of this project. Therefore, HW
performed a set of site assessments within a smaller study area that was representative of the larger
Boynton ICA. During the development of this watershed management plan, we worked with Boynton
ICA stakeholders to identify a subwatershed that would be suitably representative of the land uses
and development patterns of the larger Boynton ICA, within which we could perform a series of site
assessments. The purpose of these site assessments is to better understand the local site
conditions and constraints in order to make informed recommendations about appropriate landbased pollution load reduction strategies within the Boynton ICA. The outcome of a February 2017
stakeholder meeting hosted by the City of Boynton Beach (see Attachment A for meeting summary)
was the selection of Subwatershed ‘I’, with the agreement that this would be supplemented by
portions of Subwatershed ‘J’ and sites representative of agricultural land uses in the western
Boynton ICA. This combination would allow us to visit and consider all representative land uses
within the Boynton ICA. Subwatershed ‘I’ was also of particular interest to many stakeholders
because it contains Lake Ida, which is the subject of a TMDL requiring nitrogen and phosphorus load
reductions from MS4s and nonpoint pollution sources (see Section 1.5).

3.1

Site Selection and Visits

Prior to conducting field work, sites were selected based on GIS data and aerial photography to
ensure that the set of locations could be visited efficiently and included a diversity of land use types,
development patterns, age of development, potential pollutant sources, potential constraints, and
geographic locations. From October 16-17, 2017, a team of four HW environmental engineers and
planners with watershed planning expertise performed over 75 site visits (See Figure 12 and Figure
13 for site locations. The site identification numbers begin with the letter of the subwatershed in
which they are located). At each site, HW made observations and generated preliminary
recommendations about potential site retrofits that would reduce the pollutant loads. Field data was
recorded using GIS-enabled tablets. Site locations were adjusted as needed in the field; in many
cases, those identified during the site selection process were divided into multiple sites based on
field observations and retrofit opportunities. Each site visit was approximately 15 to 30 minutes,
depending on the complexity of the site and the number of retrofit opportunities observed. Following
the site assessments, HW met with local municipal stakeholders on October 18, 2017 at the Boynton
Beach Utilities Department offices to present these general observations for discussion and
feedback. The notes from that meeting are presented in Attachment A. The raw output from the site
assessments is provided in Attachment B.
HW developed concept design sketches and preliminary planning level construction cost estimates
for a recommended potential retrofit at 13 of the site assessment sites. A summary of these
concepts and costs is provided in Table 12 below. These concept sketches are included in the site
assessment reports in Attachment B. (Note: Refer to Section 5.2 for the set of assumptions and
references used to develop these cost estimates. Section 5.2 presents costs for management
scenarios across the study subwatershed ‘I’ and the Boynton ICA.)
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Figure 12. Site assessment locations in subwatershed study area (excluding western agricultural areas)
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Figure 13. Site Assessment locations in agricultural areas west of subwatershed ‘I’
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Table 12. Sites for which concept sketches, cost estimates, and load reduction estimates were developed
Proposed Retrofit
ID

Drainage Area

Practice Type

Land Use

DA
acres

%IA*

Target
Volume
WQv cf
(1.25")

Unit
cost/ cf

Total

TN

TP

TSS

TN

TP

TSS

Estimated Cost

Estimated Load
Removed

Estimated Existing Load

J6

Tree trench and bioswale

Industrial

1.44

95%

6,207

$35.00

$217,256

9.5

1.9

198.9

3.3

0.7

159.1

J9A

Enhanced N removal swale

Highway/roads

0.6

55%

1,497

$24.30

$36,386

6.3

0.8

59.3

3.8

0.4

17.8

J9B

Wet swale

Low Int Commercial

1.06

80%

3,848

$21.60

$83,112

6.9

1.0

140.3

2.8

0.4

42.1

J10A

Bioretention

Residential-SF

1.55

60%

4,220

$27.00

$113,937

9.8

1.4

74.1

2.9

0.4

59.3

J10B

Bioretention

Residential-SF

0.51

60%

1,388

$27.00

$37,489

3.2

0.5

24.4

1.0

0.1

19.5

J11BC

Bioswale or N-swale

Park

2.76

50%

6,262

$27.00

$169,067

9.9

1.1

58.2

3.0

0.3

46.6

Enhanced N removal swale

Residential-SF

8.35

50%

18,944

$24.30

$460,341

52.6

7.5

399.1

31.6

3.8

119.7

I10A

Bioretention

Park

1.57

80%

5,699

$27.00

$153,876

5.7

0.6

33.1

1.7

0.2

26.5

I11

Enhanced N removal swale

Low Int Commercial

0.59

40%

1,071

$24.30

$26,022

3.8

0.5

78.1

1.5

0.2

23.4

I23

Bioretention/rain garden

Residential-SF

8.1

30%

11,026

$10.00

$110,261

51.0

7.3

387.2

15.3

2.2

309.7

I31

Bioretention

High Int Commercial

8

80%

29,040

$27.00

$784,080

140.8

18.4

1,697.6

42.2

5.5

1,358.1

M1

Tree trench

High Int Commercial

0.18

90%

735

$40.50

$29,771

3.2

0.4

38.2

1.2

0.2

30.6

M2

Bump outs

High Int Commercial

0.17

90%

694

$40.50

$28,117

3.0

0.4

36.1

0.9

0.1

28.9

I3

*estimated based on aerial imagery
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3.2

General Observations

The sites visited by HW included a variety of representative land uses, including residential areas of
different densities, parks and open space, golf courses, commercial shopping plazas, urban center
commercial areas, road rights of ways, mobile home parks, and industrial and business parks.
Below is a set of general observations from these site visits, which were used to inform the suite of
pollution reduction strategies presented in Section 0 and the management strategies discussed and
evaluated in Section 0. These observations were also discussed with stakeholders at the October
18, 2017 meeting in Boynton Beach.
Observations included:


Many residential areas and road rights of way include grassed areas where swales once
functioned or where swales could be implemented to manage stormwater runoff. Swales
appear to have been filled in over time by sediment buildup, routine lawn mowing, regrading, and landscaping upgrades, such that they no longer function effectively. There
appears to be a significant opportunity to incorporate swales into these areas, and in many
settings these swales can be enhanced with raised inlets or an organic filter to improve the
nitrogen removal efficiency.



Many commercial and industrial parks could incorporate additional stormwater practices,
such as bioretention systems and enhanced swales, into the road rights of way and parking
areas to enhance pollutant removal as part of a treatment train (multiple practices in series)
approach to stormwater management.



Due to their density, older urban centers and downtown areas are a challenging setting for
stormwater improvements. However, some opportunities do exist to integrate bioretention
bumpouts and tree trenches into the road rights of way and sidewalks, which can improve
water quality treatment as well as provide aesthetic and traffic calming enhancements.



Pavement reduction and disconnection of impervious area, including rooftops, can be
employed for better site design in many settings, particularly at ‘big box’ retail shopping
centers, shopping plazas, and residential developments.



Vegetated buffers can be maintained in many settings simply by reducing the frequency of
mowing in a set distance to water features and stormwater ponds, canals, the tidal shoreline,
and lakes. By allowing vegetation (mainly grass) to grow longer within a buffer area, the
buffer provides an additional filter for runoff, reduces shoreline erosion, and reduces the use
of fertilizers in close proximity to open water bodies.



The creation and maintenance of buffers also applies to agricultural settings, where crops
are often grown directly adjacent to small irrigation channels or horse paddocks comprised
mostly of bare soil drain directly overland to stormwater pond features with little to no
surrounding vegetation.
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Landscaping in general appears to be intensively managed with both mowing and fertilizer
and pesticide use throughout the watershed, including within planned residential
developments, commercial areas, business parks, golf courses, and single family
neighborhoods. Fertilizer use contributes to nitrogen and phosphorus loading from these
land uses. A reduction in fertilizer use or more rigorous regulation of nitrogen and
phosphorus in permitted fertilizers could provide a simple and effective reduction in pollutant
loading throughout the watershed.



There were many examples in the study area of good stormwater practices that can be used
to demonstrate better site design. These included a porous parking lot that drained to a
swale at a local church, a parking lot at a local recreational park that was designed to drain
as sheet flow to a forested depression for infiltration, and a commercial/industrial site that
included a small bioretention area in the corner of the lot to capture the runoff from a small
parking area instead of draining into the street as the neighboring properties do.



Open space/parks offer great opportunities to demonstrate different technologies and native
plants and are highly visible educational opportunities for the public as well as for
landscapers and builders.



Porous concrete and permeable pavers have a tremendous potential for use.



Pond improvements were not a focus of this effort, assuming that recent design standards
have maximized performance of these technologies. However, upgradient GI features to
improve nutrient removal through a treatment train approach could help reduce the total
runoff volumes and amount of nutrients going into these ponds making them more attractive
community amenities.
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4.0

LAND-BASED POLLUTION REDUCTION STRATEGIES

There are a wide variety of strategies available to reduce land-based pollutant loads. This chapter
presents an overview of multiple different approaches and practices that can be employed in the
Boynton watershed to reduce loads of nitrogen, phosphorus and total suspended solids to the
estuarine system in the Intracoastal Waterway and the near shore waters off the coast of Florida that
support coral reefs in southeast Florida. The purpose of this chapter is to introduce these practices
and provide a point of reference for consideration of these practices, which are incorporated into
management strategies that are analyzed further in Section 0. The descriptions provided here are
not comprehensive, and the reader is encouraged to seek out the references noted in these sections
for more detailed information. The pollution reduction strategies in this chapter are presented in
three categories: stormwater practices, wastewater practices, and nonstructural strategies, including
better site design concepts and fertilizer controls.

4.1

Stormwater Practices

A variety of stormwater practices (BMPs) have been utilized throughout southeast Florida. BMPs
are chosen and implemented by practitioners based on a number of factors, including physical
limitations (e.g., high groundwater elevation, soils, slope, etc.), pollutant removal capability, cost,
complexity to design, and ease of implementation. According to Florida’s 2010 Draft Stormwater
Quality Applicant’s Handbook (the Handbook), BMPs fall into three basic categories: retention
BMPs, detention BMPs, and source controls (FDEP and FL Water Management Districts, 2010).
Retention and detention BMPs are both “structural” pollutant removal practices. Retention BMPs,
also known as infiltration practices, do not discharge runoff to the surface; instead, runoff is
“retained” through infiltration into the underlying soils, evaporation, or evapotranspiration. Detention
BMPs temporarily detain runoff prior to discharge at the surface, usually at a reduced flow rate. The
following types of structural BMPs are included in Florida’s stormwater design and guidance
manuals (including FDEP and FL Water Management Districts, 2010; MRI et al., 2003):








Retention systems (also known as infiltration systems), these include retention basins,
exfiltration trenches, underground retention systems, including permeable pavements with
underlying retention systems;
Wet detention basins (wet ponds);
Grassed waterways and swales;
Landscaped retention systems (bioretention);
Stormwater filter systems (often sand or organic media filters);
Green Roofs (vegetated rooftop systems); and
Wetland stormwater treatment system.

Source control BMPs are so-called “non-structural” BMPs that are used to minimize the amount of
stormwater generated and/or to minimize the amount of pollutants that get into the stormwater
stream. Several non-structural management measures have documented capabilities to reduce
pollutant loads to receiving waters, including the following that are included in Florida’s design and
guidance manuals:



Vegetated natural buffers;
Natural area conservation;
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Reforestation; and
Xeriscaping (aka Florida Friendly Landscaping).

Lastly, there are a range of enhancements, operational measures, and innovations that practitioners
have employed to increase pollutant capture and reduce loads both from upland stormwater sources
(e.g., pavements and rooftops) as well as within BMPs and/or receiving waters, such as lakes and
canals. The more common of these include:






Stormwater treatment trains (BMPs constructed in series to achieve enhanced pollutant
removal);
Management aquatic plant systems (e.g., floating wetlands or littoral zones);
Stormwater harvesting;
Chemical treatment of water bodies (e.g., alum treatments to promote coagulation); and
Media enhancements to filtration systems (e.g., wood chips/mulch, iron filings, water
treatment residuals, etc.).

Most of the BMPs listed above are documented in the Handbook, which describes design criteria,
methodologies, and the computations necessary to achieve permit compliance, in addition to
methods for enhanced nutrient removal. A recap of the Handbook is beyond the scope of this
Watershed Management Plan. However, the land uses, terrain, physical limitations and nutrient
reduction goals of the Boynton ICA dictate a management approach that uses some of the key
BMPs described in the Handbook, with additional suggested design enhancements and/or
modifications.
The following subset of BMPs is recommended for more widespread use as part of the Watershed
Management Plan. These include both currently applied BMPs, as well as recommended
enhancements to achieve better nutrient removal. These BMPs are recommended based on our
understanding of the watershed, our observations of the built environment and the variety of settings
for installing BMPs within that built environment, and our site assessments presented in Section 0.
The potential effectiveness of employing these BMPs within the targeted subwatershed ‘I’ as well as
across the broader Boynton ICA is evaluated and presented in Section 0. A comparison of the
application criteria for each of the BMPs is included in Table 13 following the descriptions below.
4.1.1

Water Quality Swales

Water quality swales are vegetated, broad, shallow earthen channels that attenuate stormwater
runoff volumes and peak rates as flows are conveyed downstream (Figure 14). Swales are ideally
suited for locations with flatter terrain and lower density areas where there is adequate open space
to accommodate the relatively large land area requirements of this BMPs (refer to Table 13). Raised
culverts, check dams (or swale blocks) and wide depressions in swales are often used to increase
storage, infiltration and settling of sediment and nutrient uptake from stormwater runoff by
attenuating flows. Treatment swales provide efficient pollutant removal through sedimentation,
adsorption, biological uptake and microbial breakdown. Swales with raised culverts or blocks
essentially act like linear retention systems where the treatment volume is allowed to percolate into
the underlying soils. To achieve the target pollutant removal rating, the required treatment volume
must be routed to the swale and allowed to percolate into the ground before discharge.
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Figure 14. Mowed swale on the top (filled in with accumulated sediment) and vegetated swale on the bottom,
observed along El Clair Ranch Road in Boynton Beach, FL. (HW File Photo).
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Recent enhancements to more traditional BMPs have shown that adding organic matter within an
anaerobic environment can enhance nitrogen removal (Figure 15). These are often called
permeable reactive barriers (PRBs). As water flows through the PRB within the anaerobic saturated
environment, the ‘reactive’ organic material converts the nitrate in the water to nitrogen gas, thereby
removing the nitrogen from the water. This reactive material is organic and is typically made out of
wood chips or wood-based mulch. It reduces the dissolved oxygen in the groundwater and supplies
organic carbon to a level at which biological denitrification occurs.
The PBR concept can be combined with swales to improve the nitrogen removal efficiency in
swales. The enhanced N removing swale does not really envision the construction of a “barrier”;
instead, a series of reactive material “walls” would be constructed perpendicular to the flow of
groundwater to allow for interception. The treatment volume would still need to be completely
contained within the swale above the groundwater elevation, but may provide both surface and
subsurface storage.

Figure 15. Preliminary concept design of an enhanced N removing (denitrification) swale
(Richard Claytor, P.E., HW)
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4.1.2

Bioretention Systems

Bioretention systems are one of the most widely adaptable BMPs and are suited for a wide range of
land uses with very few physical limitations (refer to Table 13). Bioretention systems are shallow,
landscaped depressions with soil and vegetation that are typically smaller in size and frequently
distributed throughout a contributing area (Figure 16 and Figure 17). Underdrain systems may or
may not be incorporated into bioretention facilities depending on whether infiltration to the
subsurface is desired. Exfiltrating bioretention systems generally incorporate a complex soil matrix,
but do not have an underdrain or impermeable liner and therefore allow for infiltration of stormwater
into the subsurface.
Stormwater runoff receives treatment by filtering through the native, amended, or complex soil matrix
and through uptake by native woody and herbaceous plants that are chosen based on site
conditions. Bioretention systems are able to reduce sediments and take up nutrients, oil and grease,
and trace metals. However, TP removal efficiencies can be reduced or phosphorus can be exported
from the system when compost or soils with high P concentrations are used.

Figure 16. Schematic of a bioretention cell (underdrain optional). (HW).
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Figure 17. Example of a bioretention cell near Lake Worth Beach Park, FL (HW file photo).

Rain gardens are simpler types of bioretention systems with native or amended soils and vegetation,
but no underdrain (Figure 18). Rain gardens are typically designed to capture stormwater from
small, adjacent areas.
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Figure 18. Schematic of a rain garden.
Source: Philadelphia Water Department
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Stormwater planters are small contained landscaped treatment practices that can be installed either
in the ground or above ground (Figure 19 and Figure 20). There are two types of stormwater
planters: retention planters, which allow runoff to infiltrate into the subsurface and flow-through
planters, which are lined on the bottom and have an underdrain system. Planters are often located
in sidewalk areas or adjacent to buildings to capture and treat limited volumes of runoff, frequently
from rooftops through downspouts. The sidewalls are often constructed of concrete.

Figure 19. Schematic of a stormwater planter (linear and underdrain system optional).
Source: Philadelphia Water Department
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Figure 20. Example of a stormwater planter in a residential area of Portland, OR.

Street-based bioretention systems know as bumpouts and bioswales are design adaptations to
collect roadway runoff from the adjacent road or street. These systems often have both an above
ground and below ground component, and usually have an underdrain system (to avoid impacts to
roadway subbases). Bumpouts and bioswales are often planted with low herbaceous vegetation
only to avoid impacts to vehicular sight distances
4.1.3

Tree Trenches

A stormwater tree trench is one or more trees that are connected by an underground infiltration
system (Figure 21 and Figure 22). Due to their higher cost (refer to Table 13) compared to other
practices, tree trenches are typically used in areas with limited space (e.g. urban/high density areas)
where other practices are not feasible.
On the surface, a stormwater tree trench looks just like a typical street tree pit. However,
underground, there is an engineered system to manage the incoming runoff. This system is
composed of a trench dug along the side of road (typical under a sidewalk), lined with a permeable
geotextile fabric, filled with stone or gravel, and topped off with soil and trees. Stormwater runoff
flows through a catch basin that directs the treatment volume to the stormwater tree trench. The
runoff is stored in the empty spaces between the stones, watering the trees and slowly infiltrating
through the bottom. When the capacity of the infiltration system is exceeded, stormwater runoff exits
the catch basin in the street via a high-flow bypass pipe.
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Figure 21. Photo-simulation of an enhanced tree trench
(Source: https://www.greenblue.com/na/trees-in-hardscape-structural-stability-vs-rootable-soil/)

Figure 22. Photo-simulation of an enhanced tree trench (HW).
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4.1.4

New and Enhanced Vegetated Buffers

Vegetated buffers are areas with vegetation that promote nutrient uptake and stabilization of soils
that are placed in some sort of conservation easement or set aside and lie between developed lands
and receiving waters or wetlands (Figure 23). Buffers are not intended to be the primary stormwater
management system for the area contributing drainage to the water resource. They are most
commonly used to treat only the rear-lot potions of a development that typically doesn’t drain to a
primary BMP. They are most effective on locations with flatter terrain (refer to Table 13). Vegetated
buffers can be effective BMPs where overland flow is directed to the buffer area. These buffers
provide filtration, allow for sediment deposition, infiltration, adsorption, decomposition, and
evapotranspiration.
Buffers provide the added benefit of providing additional setback from waters and wetlands to
reduced incidental impacts from adjacent development, such as dumping of yard wastes into
resources, construction site sediment impacts, utility trench impacts, and incidental dumping of
trash, litter and debris.

Figure 23. Example of a vegetated no-mow buffer
Source: blogs.tallahassee.com (Photo credit: Mark Tancig, Leon County Public Works).

Table 13 provides a summary of the various applications and limitations for swales, bioretention
systems, tree trenches, and buffers.
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Table 13. Comparison chart of recommended stormwater BMPs and criteria for their use and application.
Stormwater BMP Type
BMP Criteria
Swales
Bioretention
Tree Trench
Buffers
Lower density
All land uses; exfiltrating High density residential
Lower to medium
residential, roads,
bioretention systems
and commercial land
density residential rear
highways, institutional
have limits for pollutant
uses; infiltrating tree
lots
uses
hotspot land uses and
trenches have limits for
Applicable
concerns for roadway
pollutant hotspot land
land uses
subbase/subgrade
uses and concerns for
impacts
roadway
subbase/subgrade
impacts
Higher permeability silts
For exfiltrating
For infiltrating tree
Higher permeability silts
and sandy soils
bioretention, higher
trenches, higher
and sandy soils
Soil
permeability silts and
permeability silts and
sandy soils
sandy soils
2 ft min. separation to
2 ft min. separation to
2 ft min. separation to
2 ft min. separation to
groundwater; for
groundwater; bottom of
groundwater
groundwater
enhanced N removing
the facility should be
Groundwater
swale, bottom of
above groundwater
reactive media
intercepts groundwater
Flatter, longitudinal
Steep slopes (>5%) may
Steep slopes (> 5%) may
Slope of buffer
slopes, <2.0%
require terracing to
result in overly deep
measured perpendicular
Slope
maintain nearly flat
trenches
to the flow should be
surface areas
less than 16.6%
<5 acres to any one
<5 acres to any one
<1 acre for any 1 tree
Only the rear lots of
Drainage area
inflow point
inflow point; should be
trench system
residential areas; 25 ft
sited runoff source
min. buffer width
Pollutant
TN 40%
TN 30%
TN 38%
TN 25%
Reduction
TP 40%
TP 30%
TP 50%
TP 25%
Capacity
TSS 30%
TSS 80%
TSS 80%
TSS 50%
Enhanced N
TN 60%
Enhanced N removal
Enhanced N removal
Pollutant
TP 50%
with upturned elbows or with upturned elbows or
Reduction
TSS 30%
saturated bottom zones
saturated bottom zones
Capacity
Pretreatment is
Pretreatment is
necessary for all
provided by the deep
bioretention systems to
sump in the catch basin
remove sediments, trash to remove sediments,
and debris, and other
trash and debris, and
materials that contribute other materials that may
Pretreatment
to premature clogging.
contribute to premature
Typical pretreatment for clogging. Typical
bioretention systems are pretreatment for
water quality inlets,
bioretention systems are
filter strips, and
water quality inlets,
vegetated buffers.
filter strips, and
vegetated buffers.
Plant species must be
Permanently protected
tolerant of drought and
legal reservation of the
Other
wet conditions
buffer and vegetated
with Florida Friendly
landscaping
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4.2

Wastewater Practices

Improving the treatment of wastewater is a key component of any pollutant reduction plan because
wastewater often contains high levels of nutrients, pathogens, and organics. There are three
primary ways in which wastewater is treated: Onsite sewage treatment and disposal systems
(OSTDS, also known as septic systems), public sanitary sewer systems, and package plants.
Converting septic systems to a sewer system or to package plants is one way to improve the
treatment of wastewater and thereby reduce pollutant loading, particularly nitrogen loading, which is
not addressed by traditional OSTDS.
OSTDS are designed to remove bacteria from wastewater, as a matter of public health. They also
function to remove phosphorus through soil adsorption in the leach field. However, even when
properly functioning, traditional septic systems do little to remove nitrogen from wastewater. In
addition, OSTDS are often ineffective in southeastern Florida primarily because of relatively high
groundwater levels, as well as the development and regulatory history of the area and lack of proper
maintenance. OSTDS typically have a buried septic tank that receives wastewater and separates
solids, allowing liquids to discharge to a drain field. Water that enters the drain field is then
supposed to percolate through unsaturated soil, during which time the soil naturally removes
phosphorus, bacteria and other pollutants before the water reaches the groundwater table. The
problem in southeastern Florida is that the water table is naturally very high (typically less than four
feet (48 inches) below ground surface) and therefore there is a limited depth of unsaturated soil in
which to operate a drain field. This is exacerbated in the rainy summer months, when the water
table can rise to two feet (24 inches) below ground surface or less (Meeroff et al., 2007). The result
is that wastewater does not get treated properly in drain fields and instead goes directly into the
groundwater system.
Sea level rise is already exacerbating the problem of failing OSTDS in southern Florida.5 Projections
specific to southern Florida indicate that sea level will rise six (6) inches to 12 inches by 2030, 14
inches to 34 inches by 2060, and 31 inches to 81 inches by 2100 (LeJeune, 2015). Increasing sea
level forces the groundwater table to rise near the coast, particularly in the porous soils of
southeastern Florida, which means that OSTDS drain fields will have an even narrower depth of
unsaturated soil in which to treat wastewater.
The Florida Department of Health (FDOH) is the primary authority for specific, statewide regulations
controlling the installation and use of OSTDS. The 2017 Florida Statues include regulations for
OSTDS under Chapter 381.0065.6 OSTDS design standards are part of the Florida Administrative
Code (FAC) at 381.0065, Florida Statutes (FS) and Chapter 64E-6, F.A.C. (effective date July 16,
2013).7 The FAC includes site evaluation criteria (Section 64E-6.006), according to which the water
table elevation at the wettest season of the year must be at least 24 inches below the bottom surface
of the drainfield. Thus, if summer groundwater levels are already typically 24 inches or less below
ground surface, OSTDS will not be permitted given that the bottom surface of the drainfield (which is

5

http://www.southeastfloridaclimatecompact.org/news/miami-sea-level-rise-is-coming-for-your-poop/
http://www.flsenate.gov/Laws/Statutes/2017/381.0065
7
http://www.floridahealth.gov/environmental-health/onsite-sewage/forms-publications/_documents/64e6.pdf
6
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buried beneath the ground) must be 24 inches from the water table.8 As noted above, this will only
get more problematic when as sea level rises 6 to 12 inches by 2030, forcing further increases in
water table elevation.
In addition to high groundwater levels, many OSTDS in the Boynton ICA, particularly on the barrier
islands, were installed on relatively small lots and in high densities, conditions that do not provide
sufficient area for properly-sized drain fields. This was allowed to occur because the systems were
installed prior to the current more stringent regulations. In addition, many of these houses were
historically only inhabited during the winter months, when groundwater levels are lower and
therefore OSTDS performed better. However, now many of these houses are now occupied yearround and the OSTDS fail in the rainy months because of higher groundwater levels. Lack of
adequate OSTDS maintenance also contributes to their inefficiency and failure (Meeroff et al., 2007).
In Section 64E-6.008, the FAC specifies minimum design flows for OSTDS based on the estimated
daily sewage flow as determined by the number of bedrooms and the square footage for residential
properties (generally 100 gallons per day per bedroom). Commercial and institutional properties
have alternate calculation methods, also provided in Section 64E-6.008. This information on
minimum design flows is then used in combination with soil type to determine the appropriate size of
the septic tank and the drain field. Using the FAC tables, a simplified calculation of drain field
dimensions is provided below for reference:



Under the most ideal conditions (sandy soils) a 3-bedroom home would require a trench
surface area of 375 square feet and a bed surface area of 500 square feet.
Under the least ideal conditions allowable (finer-grained soils), a 3-bedroom home would
require a trench surface area of 860 square feet and a bed surface are of 1,500 square feet.

In densely populated areas, such as the barrier islands, many drain fields are most likely smaller
than the design standards because they were built before the regulations were in place and, as
noted above, at a time when the houses were only used in the drier winter months. If the owner
wanted to replace an older system, not only would they likely have to raise or mound the system to
get enough unsaturated depth, there is likely insufficient space to build a new drain field to the
proper size.
Given the challenges facing OSTDS users in the watershed and their impacts on water quality,
alternative solutions need to be considered. As noted above, the most efficient option would be for
OSTDS to be removed and for the properties to be connected to existing sewer systems.
Recognizing the need to move properties away from OSTDS, the Florida Statues include a section
on the connection of existing OSTDS to central sewer systems at Chapter 381.00655.9 This statute
states that the owner of a properly functioning OSTDS must connect the system to an available
publically owned (or investor-owned) sewerage system within one year after written notification that
the system is available for connection. The owners of an OSTDS that needs repair or modification
must connect to the available sewerage system within 90 days. The rule also requires the publically
owned (or investor-owned) sewerage system to notify the OSTDS owners of the availability of a
connection within a year of it becoming available.
8

Note that the FAC does provide specification for alternative, mounded and filled systems which seek to
accommodate for high water table conditions.
9
http://www.flsenate.gov/Laws/Statutes/2017/381.00655
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In locations where sewer connections are not possible, package plants could be considered.
Package plants are essentially small wastewater treatment plants that can function on a variety of
scales. For example, a small package plant was installed at Oceanfront Park in Boynton Beach to
replace an out of date system and reduce maintenance costs for treating water from the bathrooms
and concession stand.10 Similar types of package plants could be used to treat wastewater in
residential areas where sewer system hook ups are not yet available.
Three main settings within the Boynton watershed that are served by OSTDSs are described below
and also represented in Figure 24:


Barrier Islands – The barrier islands include the majority of the parcels with OSTDS in the
Subwatershed. This area includes numerous mobile home parks with individual or
community OSTDS. In order to convert properties from OSTDS, installation of strategicallyplaced package plants could be considered or, possibly, extension of the sewer system.11
Individual households with OSTDS could also consider upgrading to enhanced nitrogenremoval OSTDS systems.



Route 1 Corridor - A second, much smaller group of parcels on OSTDS are along the Route
1 corridor. As with the barrier island, this is an area of older development that has some relic
OSTDS. These properties likely have access to established sewer lines and could be
assessed for possible hook up.



Western Subwatershed – The small number of properties on OSTDS for the western part of
the Subwatershed are mostly farms and other older less densely populated properties. As
redevelopment progresses west, these OSTDS will likely be replaced with either sewer
service or package plants. Therefore, properties in the western Subwatershed are
considered a lower priority in terms of pollutant reduction than the barrier islands and the
Route 1 corridor, located closer to the coastal waters.

10

http://www.sun-sentinel.com/local/palm-beach/boynton-beach/fl-boynton-beach-new-waste-water-plant20160301-story.html
11

Other climate change impacts - such as increased storm surge, coastal erosion, and storm
intensity - are putting pressure on coastal communities, particularly barrier islands. Municipalities
should consider these potential impacts, and the option of coastal retreat, before costly infrastructure
investments are made, such as extending sanitary sewers further along barrier islands and adding
more connections. Coastal retreat means literally leaving the coast, removing houses that are not
going to be sustainable in the face of climate change impacts, and replacing them with more
adaptable uses, such as open space and recreation areas. This is a difficult choice to make, but one
that could be realistically considered given the challenges facing southeastern Florida. The City of
Boynton Beach recognized this reality, at least in part, in their 2015 Climate Action Plan, with a
recommendation to: “Revise building codes and land development regulations to discourage new
development or post-disaster redevelopment in vulnerable areas to reduce future risk and economic
losses associated with sea level rise and flooding.” (LeJeune, 2015)
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Other potential improvements to address problematic or ineffective OSTDs are also under
consideration in Florida. One category of improvements includes nitrogen removal technologies that
enhance the nitrification/denitrification process in OSTDs, usually prior to discharge to the leach field
or in the leach field itself. Further evaluation of these technologies is being documented by technical
experts under contract with the Florida Department of Health Onsite Sewage Program Office
(http://www.floridahealth.gov/environmental-health/onsite-sewage/research/nitrogen-reduction.html).
Another potential management option under preliminary consideration in Florida to address this
particular issue is to manage septic system maintenance through a utility program, whereby system
owners would pay a fee to the wastewater utility to undertake regular maintenance for each system.
However, this approach does not address the fact that most existing OSTDs are simply not designed
to remove nitrogen.
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Figure 24. Map of the Boynton ICA showing parcels that are currently serviced by OSTDS (septic systems).
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4.3

Nonstructural Strategies

4.3.1

Better Site Design

Increasing the amount of stormwater that can infiltrate on a site is crucial to improving water quality
because soil acts as a natural filter for many pollutants. Communities in the Subwatershed can
reduce their pollutant loads by improving the design of their developments to increase onsite
infiltration and thereby reduce the amount of potentially polluted stormwater leaving a site.
“Better site design” is term used to describe a suite of non-structural and policy-related practices
intended to reduce the amount of runoff and pollutants generated at a site and then provide for some
degree of on-site treatment and control of runoff (AECOM et al., 2016). Implementing principles of
better site design can help communities in the Subwatershed make changes during development or
redevelopment to reduce impervious cover, increase natural areas, and use pervious areas for more
effective stormwater treatment.
A variety of handbooks and manuals exist to assist communities with better site design. EPA has a
list of dozens of these resources on their Green Infrastructure Design and Implementation website.12
Some examples from the Southeast include the Sarasota County Low Impact Development
Guidance Document (Sarasota County, 2015) and the Coastal Stormwater Supplement to the
Georgia Stormwater Management Manual (CWP, 2009). The state of Georgia also updated their
stormwater manual in 2016, which now includes an entire chapter on better site design (Chapter 3 of
AECOM et al., 2016) While these resources may include state- or region-specific variations, the
common goals of all of these resources are to reduce impervious cover, prevent stormwater
pollution, and conserve natural vegetated areas.
A seminal resource on this subject, the Center for Watershed Protection ’s (CPW) Better Site
Design: A Handbook for Changing Development Rules in Your Community outlines 22 model
development principles to achieve these common goals (CWP, 1998). This resource was published
in 1998 and focused on development of new subdivisions, but its principles are still relevant and
form the basis for many subsequent better site design guidance documents. Some examples of
these principles that are directly relevant to better site design in the Subwatershed include:
Principle No. 1 - Reduce residential street widths with minimum pavement width needed to
support travel lanes, on-street parking, and emergency, maintenance and service vehicle
access. Street width should be based on traffic volume.
Principle No. 6 – The required parking ratio governing a particular land use or activity should
be enforced as both a maximum and a minimum in order to curb excess parking spaces.
Existing parking ratios should be reviewed for conformance taking into account local and
national experience to see if lower ratios are warranted and feasible.
Principle No. 7 – Parking codes should be revised to lower parking requirements where
mass transit is available or enforceable shared parking arrangements are made.

12

https://www.epa.gov/green-infrastructure/green-infrastructure-design-and-implementation
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Principle No. 8 – Reduce parking lot imperviousness by providing compact car spaces,
minimizing stall dimensions, incorporating efficient parking lanes, and using pervious
materials in spillover areas.
Principle No. 16 – Direct rooftop runoff to pervious areas such as yards, open channels, or
vegetated areas and avoid routing rooftop runoff to the roadway and the stormwater
conveyance system.
Local codes and ordinances can sometimes be a significant challenge to stormwater management
guided by better site design principles and in some cases may promote development patterns that
exacerbate stormwater problem or prohibit “better site design.” This is generally because these
codes and ordinances can be outdated and/or they originate from a complex web of governing
bodies. To address these challenges, CWP provides a useful Code and Ordinance Worksheet
(CWP, 2017a) (COW) and COW Scoring Spreadsheet (CWP, 2017b). The COW addresses new
development, redevelopment and changes in the technology of green infrastructure for stormwater
management.
The 2017 COW provides municipalities with a tool to review the codes and ordinances that influence
how development happens (rather than where development happens). The COW assumes that the
development (or redevelopment) is already planned and communities want to reduce the impact of
the development on local water resources, in addition to improving neighborhood character and
reducing construction costs. The tool then helps communities target and, if necessary, work to
change codes and ordinances that are obstacles to better site design. The CWP’s Code and
Ordinance Worksheet could be a valuable resource for communities in the Subwatershed and is
included in Attachment C.
Currently, there are many opportunities within Subwatershed ‘I’ to implement better site design
principles and improve water quality. Below, we identify some general site design problems
observed during our site reconnaissance, followed by better site design recommendations:


Problem: Parking lots are much larger than they need to be.
o Reduce the size of parking lots to meet normal demand, rather than an estimate of
greatest possible demand (e.g., the Christmas shopping demand). For example, the
2016 Georgia Stormwater Manual notes that the conventional minimum parking ratio
for a shopping center is 5 spaces per 1,000 square feet of gross floor area, but the
actual average parking demand is 3.97 spaces per 1,000 square feet of gross floor
area (AECOM et al., 2016).
o Reduce parking lot size requirements in areas with public transit and where shared
parking arrangements can be made between businesses.
o Reduce parking lot size further by including compact car spaces, minimizing stall
dimensions, and using efficient parking lanes.
o Consider building parking structures to reduce parking lot footprints in high density
areas.
o CPW’s Code and Ordinance Worksheet (Attachment C) can be used to help
municipalities modify local parking ordinances, if necessary.
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Problem: Parking lots provide little to no opportunity for on-site infiltration.
o Incorporate green infrastructure stormwater management practices into parking lots
to promote on-site infiltration:
 Direct parking lot stormwater drainage to correctly-sized bioretention
facilities, which can also be attractive landscape features.
 Direct parking lot stormwater drainage to dry swales, perimeter sand filters,
or filter strips depending on the site conditions such as slope and soil.
 Use permeable pavement materials could be used if possible (pavers,
pervious concrete, porous asphalt).
 Use pervious pavement material or, even better, vegetated areas, for any
overflow or extra parking areas.



Problem: Commercial rooftops and residential properties discharge stormwater directly to
pavement.
o Capture roof runoff in barrels or cisterns for onsite reuse to water landscaping.
o Redirect roof runoff to vegetated areas that allow for infiltration. Ponding of water
can be avoided through proper engineering.



Problem: Streets are wider than they need to be.
o Reduce residential street width based on the actual traffic volumes and parking
needs on a given street. The Georgia Stormwater Manual (AECOM et al., 2016)
provides various width recommendations, such as:
 10-12 feet for residential access alleys with no parking
 18-20 feet with parking/queuing on one side for lower volume streets
 18-20 feet with no parking for higher volume streets
 26-28 feet with parking/queuing on both sides for lower volume streets
 26-28 feet with parking on one side and two travel lanes for higher volume
streets
o Add landscaped and vegetated strips down the middle of existing wide roadways.
o Reduce the width of the overall right-of-way, which include the roadway pavement,
curbing, buffers, sidewalks, utilities, drainage, and grading. Utilities should be
located within the pavement section of the right-of-way wherever feasible.
o CPW’s Code and Ordinance Worksheet (Attachment C) can be used to help
municipalities modify local roadway and right-of-way ordinances, if necessary.



Problem: Cul-de-sacs, which are an inefficient use of space for optimizing infiltration and
better site design.
o Minimize the use of cul-de-sacs by considering alternative turnaround shapes and
designs.
o Reduce the radius of cul-de-sacs to the minimum needed for emergency and
maintenance vehicles.
o Incorporate landscaped areas in the middle of existing cul-de-sacs to reduce their
impervious cover.
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4.3.2

Fertilizer Controls

Fertilizer used on residential lawns and commercial green spaces can be a significant source of
pollutant loading (primarily nitrogen and phosphorous), particularly when the fertilizer is excessively
applied, is applied too close to water bodies, or is applied during wet weather periods. To address
this issue, various ordinances have been introduced throughout the State of Florida to control
fertilizer use on residential properties. However, at this point in time, the system of ordinances is not
cohesive across the state, or even within individual counties. The following section describes the
current regulatory controls for residential fertilizer use in Palm Beach County and the municipalities
of Boynton Beach and Delray Beach, which comprise the majority of Subwatershed ‘I’. Examples of
stronger ordinances from other Florida municipalities are provided, as well as recommendations for
how the communities in the Boynton ICA could better control fertilizer use to reduce nitrogen and
phosphorous loading through ordinances and training.
Current Regulatory Controls in the State of Florida
Per Florida Statute §403.9337,13 the State of Florida requires county and local governments located
within the watershed of a water body listed as impaired for nutrients (303(d)-listed), such as Lake
Ida, to adopt FDEP’s Model Ordinance for Florida-Friendly Fertilizer Use on Urban Landscapes (the
FDEP Model Ordinance; FDEP, 2010). This ordinance is not applicable to agricultural land uses.
As summarized by Clean Water Action (2014), the FDEP Model Ordinance includes the following:
1. A ban on fertilizer application during the “Prohibited Application Period” or saturated
soils. The “Prohibited Application Period” is undefined, but the model’s guidance
notes that some ordinances have prohibited application during the summer rainy
season.
2. Fertilizer must not be applied within ten (10) feet of any pond, stream, watercourse,
lake, canal, or wetland or from the top of a seawall, unless a deflector shield, drop
spreader, or liquid applicator with a visible and sharply defined edge, is used, in
which case a minimum of 3 feet shall be maintained. There is an exemption for newly
planted turf and/or landscape plants to be fertilized within the zone for sixty (60) days
beginning 30 days after planting.
3. A voluntary ten (10) foot low maintenance zone is strongly recommended, but not
mandated, from any pond, stream, water course, lake, wetland or from the top of a
seawall. A swale/berm system is recommended for installation at the landward edge
of this low maintenance zone to capture and filter runoff.
4. No specific additional requirements regarding fertilizer content and application rated
for golf courses, parks and athletic fields other than what is required by RULE 5E1.003(2)(d), F.A.C. Fertilizers may be applied to other urban turn in amounts
specified by turf type and geographic location according to Rule 5E-1.003(2), F.A.C.
Fertilizers containing nitrogen or phosphorus must not be applied to other urban turf

13

https://www.flsenate.gov/laws/statutes/2011/403.9337
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for the first 30 days after seeding or sodding unless there is an emergency pursuant
to certain conditions.
5. Specified application practices, including deflector shields and the requirement not to
apply fertilizer on any impervious surfaces.
6. Exemptions for farming operations and scientific research.
7. Requirements for training and licensing of commercial applicators.

Figure 25. Example of Florida Friendly landscaping
Source: gardeningsolutions.ifas.ufl.edu
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Current Regulatory Controls in Palm Beach County
PBC has adopted a fertilizer ordinance, referred to as the Florida-Friendly Fertilizer Ordinance,
Article XVI, Ordinance No. 2012-039 § I, 10-30-12.14 This county ordinance is applicable to the
approximately 84% of PBC that is unincorporated. The PBC ordinance is based on the FDEP’s
Model Ordinance and is not more stringent. As such, the ordinance states that fertilizers containing
nitrogen and phosphorous cannot be applied during the “prohibited application period” or to
“saturated soils”. Section 11-402 of the PBC ordinance provides the following definitions:
 Prohibited application period - “the time period during which a flood watch or warning, a
tropical storm watch or warning, or a hurricane watch or warning is in effect for any portion of
Palm Beach County, issued by the National Weather Service, or if heavy rain (two (2) inches
or more within a twenty-four-hour period) is likely.”
 Saturated soils - “a soil in which the voids are filled with water. Saturation does not require
flow. For the purposes of this article, soils shall be considered saturated if standing water is
present or the pressure of a person standing on the soil causes the release of free water.”
The 39 incorporated municipalities in PBC are responsible for their own fertilizer ordinances. If, as
noted above, there is a 303(d)-listed water body in their municipality, then by March 2, 2013, they
were required to adopt either the state’s FDEP Model Ordinance for Florida-Friendly Fertilizer Use
on Urban Landscapes or their own version of an ordinance that complies with the requirements set
forth in the FDEP Model Ordinance.15 If there are no 303(d)-listed water bodies in a municipality,
then they are not required to have a fertilizer ordinance.
According to Laurie Albrecht, University of Florida Extension Agent for PBC at the Florida-Friendly
Landscaping Program, there are no “summer blackout periods” in all of PBC (specified dates for
which application of fertilizer is not allowed by an ordinance). 16 Ms. Albrecht indicated that most
municipalities in PBC that have their own ordinances have adopted the FDEP Model Ordinance,
some with minor alterations. There are two municipalities in PBC (Greenacres17 and Wellington)
that have ordinances that are slightly stricter than the FDEP Model Ordinance; the primary difference
is that these communities’ ordinances require (rather than recommend) a 10-foot fertilizer free zone
around water bodies without allowing for a smaller zone with the use of a deflector shield (Clean
Water Action, 2014).
Current Regulatory Controls in City of Boynton Beach
The City of Boynton Beach does not have a specific fertilizer ordinance; ordinance 11-019,18
however, did amend the city’s Land Development Regulations (Section III of the Code of
Ordinances) to add “Florida-Friendly Landscaping Standards and Provisions.” According to
Ordinance 11-019, the city used the FDEP Model Ordinance as a guide to draft amendments to the
14

https://library.municode.com/fl/palm_beach_county/codes/code_of_ordinances?nodeId=PABECOCO_C
H11ENRECO_ARTXVIFLIEFEUS
15
Palm Beach County MS4 website on fertilizers: http://pbco-npdes.org/FHP.asp?menu=SWMPMenu
16
Personal communication with Laurie Albrecht, Extension Agent for Palm Beach County with the
University of Florida Florida-Friendly Landscaping Program, January 31, 2018.
17
Greenacres Ordinance No. 2012-20,
https://greenacresfl.gov/sites/default/files/fileattachments/ordinance/16701/2._ordinance_no._2012-20.pdf
18
Boynton Beach Ordinance 11-019:
http://151.132.105.195/WebLink/DocView.aspx?dbid=0&id=46189&page=1&cr=1
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Land Development Regulations. However, the current Land Development Regulations do not
appear to have specific regulations related to the timing or the means for applying nitrogen- and
phosphorous-containing fertilizer. Under Article II, Section 3, the following fertilizer controls are
included:
 Application of “weed and feed” products should be made in accordance with the most current
version of the Florida-Friendly Best Management Practices for Protection of Water
Resources.
 Landscape maintenance for hire should be performed in accordance with recommendations
in the Florida-Friendly Best Management Practices for Protection of Water Resources.
 Grass clippings should not be blown or swept into storm drains, conveyances or water
bodies.
 When mowing near a shoreline, direct the chute away from the water body. Riparian or
littoral zone plants that do not require mowing or fertilization should be planted in these
areas.
 Grading of properties adjacent to water bodies should include the use of berms and/or
swales to intercept surface runoff of water and debris that may contain fertilizers or
pesticides.
 A voluntary 6 foot low maintenance zone is recommended by water bodies.
The Florida-Friendly Landscaping Program noted that the Boynton Beach code is less stringent than
the FDEP Model Ordinance with regards to fertilizer controls.19
City of Delray Beach
The City of Delray Beach also does not have a specific fertilizer ordinance. They do commit a few
paragraphs of their Landscape Regulations to fertilizer management at Article 4.6, Section 4.6.16(I),
which were amended under Ordinance 6-12.20 Provisions related to fertilizer controls include:
 Application of “weed and feed” products should be made in accordance with the most current
version of the Florida-Friendly Best Management Practices for Protection of Water
Resources.
 Yard waste cannot be disposed of near shorelines, swales, or storm drains, and grass
clippings should be left on lawns.
 Spreader deflector shields are required when fertilizing via rotary spreaders and deflectors
must be positioned to deflect away from impervious surfaces, fertilizer-free zones, and water
bodies.
 Fertilizer cannot be applied on impervious surfaces and it cannot be washed or blown into
storm drains, water bodies, or ditches.
The Florida-Friendly Landscaping Program noted that the Delray Beach code is not more stringent
than the FDEP Model Ordinance with regards to fertilizer controls.21
19

Table of local fertilizer ordinances for the State of Florida compiled by the Florida-Friendly Landscaping
Program, updated 6/1/2016: http://fyn.ifas.ufl.edu/fert_ordinances.html
20
City of Delray Beach Ordinance 6-12:
http://weblink.mydelraybeach.com/LFExternal/0/doc/121282/Page1.aspx
21
Table of local fertilizer ordinances for the State of Florida compiled by the Florida-Friendly Landscaping
Program, updated 6/1/2016: http://fyn.ifas.ufl.edu/fert_ordinances.html
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Examples of More Stringent Fertilizer Ordinances
While PBC does not have any county or local ordinances that are significantly more protective than
the FDEP Model Ordinance, there are other municipalities across the state with stricter fertilizer
ordinances. Two examples are provided here: the Manatee County Ordinance and the Pinellas
County Ordinance. For additional examples, see Table 3 of Clean Water Action’s report (2014) and
Florida-Friendly Landscaping Program’s local fertilizer ordinance table.22
The Manatee County Fertilizer Ordinance (11-21) and the Pinellas County Fertilizer Ordinance (1006) are similar and are significantly more stringent than the FDEP Model Ordinance. One page
summaries for each ordinance are included in Attachment D. Table 14 summarizes the common
components of these ordinances.
Table 14. Common components of the Manatee and Pinellas County Fertilizer Ordinances.
Fertilizer Control

Summary

Restricted Season

No application of N or P products between June 1 and September 30 .

Weather Restrictions

No application of N or P products if the National Weather Service forecasts heavy
rains within 24 hours.

Phosphorous

No phosphorous fertilizer is allowed unless soil tests show a deficiency.

Nitrogen

Nitrogen application rate restrictions: 4 pounds/1000 square feet/year (liquid
nitrogen should not exceed 0.5 pounds/1000 square feet/application). At least
50% of granular fertilizer must be slow release. No nitrogen within first 30 days of
newly-installed landscape.

Fertilizer Free Zones

Fertilizers cannot be applied within 10 feet of a water body.

Grass and Landscape Debris

Grass and landscape debris cannot be blown or washed into storm drains,
conveyances or roadways.

Application Method Restrictions

Deflector shields must be used to keep granules off of impervious surfaces and
out of waterways. Fertilizers cannot be applied directly to impervious surfaces.

Training

Specific training and licensing required for commercial operators.

st

th

Note: Summaries of both ordinances are included in Attachment D.

There may be additional nuances between Manatee County and Pinellas County ordinances for
some of the fertilizer controls listed in Table 14 . One notable difference is that the Pinellas County
ordinance imposes limitations on retail sales of fertilizers within the county, while the Manatee
County ordinance does not. The requirements for training also vary slightly. In Pinellas County,
commercial fertilizer applicators must be state-certified in Green Industry BMPs and licensed
through the state, while landscape staff must be trained in county-approved BMPs for moving,
trimming, and landscape debris management. In Manatee County, fertilizer applicators must obtain
the Limited Certification for Urban Landscape Fertilizer Application and landscape supervisors must
obtain county-approved BMP training. Landscape employees must either receive country training or
employer-provided BMP training. These are slight differences in terms of training requirements, but
it exhibits the variations that are possible from one ordinance to another.

22

Table of local fertilizer ordinances for the State of Florida compiled by the Florida-Friendly Landscaping
Program, updated 6/1/2016: http://fyn.ifas.ufl.edu/fert_ordinances.html
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Recommendations
Based on the discussion above of how the communities in the Boynton ICA are currently regulating
fertilizer use and examples of other, more stringent, ordinances, we recommend implementing
stronger regulations to reduce the use of fertilizers with nitrogen and phosphorus components
throughout the Boynton ICA. Section 5.0 presents pollutant load reduction calculations from a
variety of management scenarios, and it is clear that reducing fertilizer use is among the most cost
effective strategies. Based on the review of other regulations in Florida, we recommend the
following changes, as a start.
1. At a minimum, the communities should adopt the PBC fertilizer ordinance (Ordinance No.
2012-039), referred to as Florida-Friendly Fertilizer Ordinance. This is based closely on
(and is not more stringent than) the FDEP Model Ordinance.
If additional restrictions can be adopted, then (in agreement with Clean Water Action (2014) and
based on other strong ordinances such as those in Manatee and Pinellas County) the following are
suggested:
2. Prohibit the use of nitrogen- and phosphorous-containing fertilizer from June 1st to
September 30th.
3. Establish fertilizer-free zones within 10-feet of any water body.
4. Require all nitrogen fertilizer to be at least 50% slow release.
5. Limit the total amount of nitrogen applied to 4 pounds per 1,000 square feet per year.
In terms of commercial training, the Florida Friendly Landscaping Program, which worked with the
FDEP to develop its Model Ordinance, provides Green Industry Best Management Practices (GIBMP) training which all commercial fertilizer applicators must obtain to get a license per Florida
Statue 482.1562. Many local ordinances also require this training.
6. Require GI-BMP training for commercial landscape professionals.
7. Training must be conducted in the staff members’ preferred language.
Educating the public is also important because many people choose to fertilize their own properties
without a commercial landscaper. Garden shops and other retailers are the primary point of contact
for homeowners that fertilize and can therefore be useful for education. Water utility companies and
local governments also have an opportunity to educate homeowners about fertilizer and lawn care in
relation to stormwater.
8. Require fertilizer retailers (e.g., garden supply stores) to have signs up in their stores in the
vicinity of nitrogen and phosphorous fertilizers outlining the ordinance requirements. A
standard sign could be created for stores to post.
9. Training for store staff on the ordinance is also recommended because they are likely to field
questions from home owners.
10. Water utility companies could be required/ recommended to include inserts with water utility
bills about fertilizer ordinances.
11. Demonstration gardens could be planted in public areas to show the public how they can
use more native plants that require less or no fertilizer.
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The following programs are available for development of and education about fertilizer ordinances:






The Florida Friendly Landscaping Program is a hub of information about fertilizer ordinances
and training: http://ffl.ifas.ufl.edu/index.html.
Contact information for the Palm Beach County Extension Agent:
http://ffl.ifas.ufl.edu/counties/palmbeachcontact.php
The Palm Beach County MS4 site that has information on fertilizer ordinances and how a
municipality can draft an ordinance: http://pbco-npdes.org/FHP.asp?menu=SWMPMenu
The Tampa Bay Estuary Program has created an educational program called “Be Floridian”
to information homeowners of restrictions and promote “Florida-Friendly” yards:
http://befloridian.org/.
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5.0

EVALUATION OF LOAD REDUCTION STRATEGIES

A suite of management strategies was developed based on the modeling, research, and site
assessments presented in this plan. The potential effectiveness of these strategies was then
evaluated using the land-based pollutant loading model and treatment efficiencies for each practice
to provide insight into which strategies or suite of strategies might be the most effective in reducing
pollutants in the subwatershed ‘I’ study area as well as across the full Boynton ICA. The proposed
practices that we evaluated using the land-based loading model are presented in Table 15, along
with the pollutant removal efficiencies for TN, TP and TSS. These practices were evaluated within a
set of management scenarios in which the practices were applied to specific land uses at an
application rate that was considered reasonable. The express purpose of this evaluation is to inform
watershed managers about the potential management options in the watershed, and to compare the
potential effectiveness of different approaches to one another. The scenarios are presented below,
followed by the modeling results for subwatershed ‘I’ and the Boynton ICA.
Table 15. Pollutant reductions for proposed practices
Practice
Type

TN Reduction
(%)

TP Reduction
(%)

TSS Reduction
(%)

Agricultural Fertilizer Reduction

Non-Structural/ Stormwater

25

25

0

Urban Fertilizer Reduction

Proposed Practice

Non-Structural/ Stormwater

25

25

0

Water Quality Swales with Raised Culverts

Stormwater

40

40

30

Bioretention Areas / Rain Gardens

Stormwater

30

30

80

Stormwater Bumpouts

Stormwater

30

30

80

New and Enhanced Buffers

Stormwater

25

25

50

Tree Trenches

Stormwater

38

50

80

Enhanced N Removal Swale

Stormwater

60

50

30

Advanced Septic

Septic

45

0

0

Package Plant

Septic

70

0

0

Advanced WWTF

Septic

85

0

0

5.1

Subwatershed Pollutant Reduction Scenarios

Eleven pollutant reduction scenarios were developed to evaluate the effect of a particular load
reduction practice or strategy on a mix of selected land uses. These practices are applied to varying
extents across different land use categories, using reasonable assumptions based on our site
assessments and watershed observations. These scenarios are intended to be examples, and
could ultimately be adjusted in the future to ‘test’ the potential effectiveness of different
implementation strategies. These scenarios are summarized below and the potential pollutant
loading results of the scenario modeling for Subwatershed ‘I’ are provided below in Table 17.
Scenarios
1. Agricultural Fertilizer Reduction. TN and TP loads were reduced by 25% in 100% of the
agricultural areas only.
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2. Urban Fertilizer Reduction. TN and TP loads were reduced by 25% in 100% of the
commercial, industrial, and residential areas. For this scenario only, residential includes
planned unit developments (PUDs).
3. Water Quality Swales with Raised Culverts. These BMPs were applied in 5% of the light
commercial and residential areas and 20% of the highway areas.
4. Bioretention Areas / Rain Gardens. These BMPs were applied in 10% of the commercial,
industrial, multi-family residential and open space areas plus 5% of the low density and
single family residential areas.
5. Stormwater Bumpouts. These BMPs were applied in 5% of the commercial and residential
areas.
6. New and Enhanced Buffers. These BMPs were applied in 30% of all agricultural areas and
10% of the golf and open space areas.
7. Tree Trenches. These BMPs were applied in 5% of commercial, industrial, multi-family
residential and open space areas.
8. Enhanced N Removal Swales. These BMPs were applied in 5% of industrial, 10% of the
low-density and single family residential and 20% of the highway areas.
9. Advanced Septic. This BMP would convert all current septic systems on all land uses to
advanced septic systems resulting in a 45% reduction in the TN septic load.
10. Package Plant. This BMP would connect all current septic systems on all land uses to local
package plant systems resulting in a 70% reduction in the TN septic load.
11. Advanced WWTF. This BMP would connect all current septic systems on all land uses to an
advanced wastewater treatment facility (WWTF) resulting in an 85% reduction in the TN
septic load.
Table 16. Application rates of proposed BMPs across land use categories in each proposed scenario

Land Use Category
1
AgricultureCrops/Citrus/Pasture/Sod
Agriculture- Equine
Agriculture- Nurseries

2

Application Rates of Proposed BMPs to Land Use Category
in Each Pollutant Reduction Scenario
3
4
5
6
7
8
9

100%

30%

100%

30%

100%

10

11

100%

100%

30%

Light Industrial

100%

Low Intensity Commercial

100%

High Intensity Commercial

100%

Highways/Roads

10%
5%

5%

10%

5%

5%

10%

5%

5%

20%

5%

20%

Low Density Residential

100%

5%

5%

5%

10%

Single Family Residential

100%

5%

5%

5%

10%

Multi-Family Residential

100%

5%

10%

5%

Planned Unit Development

100%

5%

Golf Course

10%

10%

Open Space/Parks

10%

10%

Current Septic Systems

5%
100%
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Table 17. Pollutant reductions for proposed scenarios in Subwatershed ‘I’.
TN Reduction
(%)

TP Reduction
(%)

TSS Reduction
(%)

1. Agricultural Fertilizer Reduction

0.1

0.2

0.0

2. Urban Fertilizer Reduction

14.6

17.5

0.0

3. Water Quality Swales with Raised Culverts

1.7

2.4

2.1

4. Bioretention Areas / Rain Gardens

0.8

1.2

4.0

5. Stormwater Bumpouts

0.3

0.6

1.8

6. New and Enhanced Buffers

0.2

0.2

0.3

7. Tree Trenches

0.3

0.8

1.7

8. Enhanced N Removal Swale

2.6

2.9

1.9

All Stormwater Practices

20.8

25.7

11.8

9. Advanced Septic

7.4

0.0

0.0

10. Package Plant

11.5

0.0

0.0

11. Advanced WWTF

14.0

0.0

0.0

All Stormwater Practices + Advanced WWTF

34.7

25.7

11.8

Proposed Scenario
CURRENT CONDITIONS (Total Load, lb/yr)

Recall that the TMDL for Lake Ida calls for a 20% reduction in TN loading and a 45% reduction in TP
loading. The application of stormwater practices across the watershed, or a combination of
stormwater and wastewater approaches, would have the potential to address the TN reduction
requirements. The stormwater management scenarios presented would have the potential to
achieve a significant reduction in TP loading but would not achieve the required 45% reduction.
Additional TP reductions could be achieved by applying the stormwater practices at greater
implementation rates across the subwatershed than presented in our scenarios. This would require
a more detailed look at feasibility and sizing of practices across the subwatershed. In addition, note
that Subwatershed ‘I’ represents the contributing area to Lake Ida under normal operating
conditions. Also note that the MS4s in Subwatershed ‘I’ make up approximately 15% of the area of
Subwatershed ‘I’ and are only responsible for reducing the loads from their respective outfalls.

Table 18,
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Table 19 and Table 20 present the potential pollutant reductions that could be achieved by applying
the above management scenarios to the individual MS4 areas within Subwatershed ‘I’. Table 21
presents the same information for the sum of all MS4 areas within Subwatershed ‘I.’ When the
same scenarios presented above are applied in the model across the full Boynton ICA, similar
reductions are produced, as shown in Table 22.

Table 18. Nitrogen reductions for proposed scenarios within Individual MS4 Areas in Subwatershed ‘I’.
TN Load (lb/yr)

TN Reduction (% of MS4 Load)

Boynton
Beach
MS4

Delray
Beach
MS4

FDOT
District
IV

PB
County
MS4

Boynton
Beach
MS4

Delray
Beach
MS4

FDOT
District
IV

PB
County
MS4

CURRENT CONDITIONS

3,396

648

2,799

3,487

0.0

0.0

0.0

0.0

Agricultural Fertilizer Reduction

3,396

648

2,799

3,487

0.0

0.0

0.0

0.0

Urban Fertilizer Reduction
Water Quality Swales with Raised
Culverts

2,731

542

2,789

3,468

19.6

16.4

0.3

0.6

3,320

625

2,597

3,217

2.2

3.6

7.2

7.8

Bioretention Areas / Rain Gardens

3,369

639

2,790

3,487

0.8

1.4

0.3

0.0

Stormwater Bumpouts

3,378

642

2,798

3,487

0.5

1.0

0.0

0.0

New and Enhanced Buffers

3,394

647

2,792

3,487

0.0

0.1

0.2

0.0

Tree Trenches

3,387

646

2,793

3,487

0.3

0.4

0.2

0.0

Enhanced N Removal Swale
All Stormwater Practices (Incl.
fertilizer reductions)

3,272

606

2,497

3,082

3.7

6.6

10.8

11.6

2,474

458

2,266

2,790

27.1

29.4

19.0

20.0

Advanced Septic

3,396

648

2,799

3,480

0.0

0.0

0.0

0.2

Package Plant

3,396

648

2,799

3,476

0.0

0.0

0.0

0.3

Advanced WWTF
All Stormwater Practices +
Advanced WWTF

3,396

648

2,799

3,473

0.0

0.0

0.0

0.4

2,474

458

2,266

2,776

27.1

29.4

19.0

20.4

Proposed Scenario
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Table 19. Phosphorus reductions for proposed scenarios within Individual MS4 Areas in Subwatershed ‘I’.
TP Load (lb/yr)
Boynton
Beach
MS4

Delray
Beach
MS4

CURRENT CONDITIONS

225

Agricultural Fertilizer Reduction

225

Urban Fertilizer Reduction
Water Quality Swales with Raised
Culverts

TP Reduction (% of MS4 Load)

FDOT
District 4

PB
County
MS4

Boynton
Beach
MS4

Delray
Beach
MS4

FDOT
District 4

PB
County
MS4

93

340

392

0.0

0.0

0.0

0.0

93

340

392

0.0

0.0

0.0

0.0

180

76

338

390

20.1

17.7

0.4

0.6

220

89

315

361

2.2

3.4

7.3

7.8

Bioretention Areas / Rain Gardens

223

91

339

392

0.9

1.5

0.3

0.0

Stormwater Bumpouts

224

92

340

392

0.6

1.1

0.0

0.0

New and Enhanced Buffers

225

92

339

392

0.0

0.1

0.2

0.0

Tree Trenches

224

92

339

392

0.4

0.6

0.2

0.0

Enhanced N Removal Swale
All Stormwater Practices (Incl.
fertilizer reductions)

219

88

309

354

3.0

5.1

9.1

9.7

164

65

281

321

27.1

29.4

17.4

18.2

Advanced Septic

225

93

340

392

0.0

0.0

0.0

0.0

Package Plant

225

93

340

392

0.0

0.0

0.0

0.0

Advanced WWTF
All Stormwater Practices +
Advanced WWTF

225

93

340

392

0.0

0.0

0.0

0.0

164

65

281

321

27.1

29.4

17.4

18.2

Proposed Scenario

Table 20. TSS reductions for proposed scenarios applied within Individual MS4 Areas in Subwatershed ‘I’.
TSS Load (lb/yr)
Boynton
Beach
MS4

Delray
Beach
MS4

CURRENT CONDITIONS

7,562

Agricultural Fertilizer Reduction

TSS Reduction (% of MS4 Load)

FDOT
District 4

PB
County
MS4

Boynton
Beach
MS4

Delray
Beach
MS4

FDOT
District 4

PB
County
MS4

5,785

25,621

29,102

0.0

0.0

0.0

0.0

7,562

5,785

25,621

29,102

0.0

0.0

0.0

0.0

Urban Fertilizer Reduction
Water Quality Swales with Raised
Culverts

7,562

5,785

25,621

29,102

0.0

0.0

0.0

0.0

7,426

5,624

24,198

27,392

1.8

2.8

5.6

5.9

Bioretention Areas / Rain Gardens

7,381

5,565

25,465

29,084

2.4

3.8

0.6

0.1

Stormwater Bumpouts

7,447

5,633

25,602

29,097

1.5

2.6

0.1

0.0

New and Enhanced Buffers

7,555

5,774

25,548

29,095

0.1

0.2

0.3

0.0

Tree Trenches

7,505

5,726

25,544

29,094

0.8

1.0

0.3

0.0

Enhanced N Removal Swale
All Stormwater Practices (Incl.
fertilizer reductions)

7,423

5,604

24,203

27,393

1.8

3.1

5.5

5.9

6,928

4,999

22,452

25,645

8.4

13.6

12.4

11.9

Advanced Septic

7,562

5,785

25,621

29,102

0.0

0.0

0.0

0.0

Package Plant

7,562

5,785

25,621

29,102

0.0

0.0

0.0

0.0

Advanced WWTF
All Stormwater Practices +
Advanced WWTF

7,562

5,785

25,621

29,102

0.0

0.0

0.0

0.0

6,928

4,999

22,452

25,645

8.4

13.6

12.4

11.9

Proposed Scenario
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Table 21. Total pollutant load reductions for proposed scenarios applied across all MS4 Areas in Subwatershed ‘I’.
TN
Total Load
(lb/yr)
Proposed Scenario
CURRENT CONDITIONS

Reduction
(% of MS4
load)

TP
Reduction
(% of
Subshed
‘I’ load)

Total Load
(lb/yr)

Reduction
(% of MS4
load)

TSS
Reduction
(% of
Subshed
‘I’ load)

Total Load
(lb/yr)

Reduction
(% of MS4
load)

Reduction
(% of
Subshed
‘I’ load)

Total Subwatershed ‘I’ Load

60,080

5,179

323,483

Total MS4 Load
POLLUTANT REDUCTION SCENARIOS

10,330

1,049

68,071

Agricultural Fertilizer Reduction

10,329

0.0

0.0

1,049

0.0

0.0

68,071

0.0

0.0

Urban Fertilizer Reduction

9,529

7.7

1.3

984

6.2

1.3

68,071

0.0

0.0

Water Quality Swales with Raised Culverts

9,759

5.5

1.0

986

6.0

1.2

64,641

5.0

1.1

Bioretention Areas / Rain Gardens

10,285

0.4

0.1

1,045

0.4

0.1

67,494

0.8

0.2

Stormwater Bumpouts

10,305

0.2

0.0

1,047

0.2

0.0

67,779

0.4

0.1

New and Enhanced Buffers

10,320

0.1

0.0

1,048

0.1

0.0

67,972

0.1

0.0

Tree Trenches

10,313

0.2

0.0

1,047

0.2

0.0

67,868

0.3

0.1

Enhanced N Removal Swale
All Stormwater Practices
(Incl. fertilizer reductions)

9,456

8.5

1.5

969

7.7

1.6

64,623

5.1

1.1

7,987

22.7

3.9

831

20.8

4.2

60,024

11.8

2.5

Advanced Septic

10,322

0.1

0.0

1,049

0.0

0.0

68,071

0.0

0.0

Package Plant

10,318

0.1

0.0

1,049

0.0

0.0

68,071

0.0

0.0

Advanced WWTF

10,316

0.1

0.0

1,049

0.0

0.0

68,071

0.0

0.0

All Stormwater Practices + Advanced WWTF

7,973

22.8

3.9

831

20.8

4.2

60,024

11.8

2.5
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Table 22. Pollutant reductions for proposed scenarios across the Boynton ICA.
TN Reduction
(%)

Proposed Scenario

TP Reduction
(%)

TSS Reduction
(%)

Agricultural Fertilizer Reduction

1.2

2.2

0.0

Urban Fertilizer Reduction

10.7

16.3

0.0

Water Quality Swales with Raised Culverts

1.3

2.2

1.9

Bioretention Areas / Rain Gardens

0.7

1.2

3.9

Stormwater Bumpouts

0.3

0.6

1.8

New and Enhanced Buffers

0.4

0.8

1.1

Tree Trenches

0.3

0.8

1.7

Enhanced N Removal Swale

2.0

2.6

1.8

All Stormwater Practices (Incl. fertilizer reductions)

17.2

26.8

12.3

Advanced Septic

15.0

0.0

0.0

Package Plant

23.4

0.0

0.0

Advanced WWTF

28.4

0.0

0.0

All Stormwater Practices + Advanced WWTF

45.6

26.8

12.3

The reduction of urban fertilizer application is by far the most effective stormwater practice. Each of
the wastewater practices is effective at reducing TN, and each would require more detailed site
specific evaluation to determine what option would be feasible. In addition, the potential costs of
implementing these practices will inform the decision about implementation and prioritizing.
Planning level implementation costs are presented in Section 5.2.

5.2

Estimated Planning Level Costs for Proposed Management Scenarios

A planning level estimate of construction costs was developed for the entire Boynton ICA to evaluate
and compare each of the scenarios presented above. These costs are presented in Table 23 based
on an estimated unit cost, which was then applied across the Boynton ICA. These costs include a
number of planning assumptions about construction costs, materials costs, and stormwater and
wastewater treatment volumes and flow rates, as well as an overall presumption about the feasibility
of implementing these management options across the ICA. These assumptions are denoted in the
notes associated with the table. As a result of these assumptions, these costs should be evaluated
for purposes of scale and comparison among management options. The costs are also converted in
unit costs to remove a pound of pollutant (TN, TP and TSS), to evaluate and compare the cost
effectiveness for each pollutant.
According to the planning level costs presented, fertilizer reductions provide by far the most cost
effective reductions of TN and TP across the ICA, and, as shown in Table 22, have the greatest
overall potential to reduce these pollutants when compared to other stormwater practices. The
wastewater practices would provide by far the most reductions in TN across the watershed, and
would also be the most cost-effective approaches. However, these approaches do not address TP
or TSS loading. Among the stormwater practices (other than fertilizer reductions), the water quality
swales and bioretention systems provide the greatest potential for reductions of TN, TP and TSS,
and they appear to be the most cost effective as well.

Boynton ICA Watershed Management Plan
Palm Beach County, FL

Horsley Witten Group, Inc.
June 2018
Page 71

Table 23. Costs for proposed watershed management scenarios applied across the Boynton ICA

Notes

Unit
Type

Cost per
Unit

Number
of Units

Construction
Cost ($)

TN
Reduction
Cost
($/lb)

TP
Reduction
Cost
($/lb)

TSS
Reduction
Cost
($/lb)

Agricultural Fertilizer Reduction

1

Area (ac)

12

7,816

93,797

11

80

-

Urban Fertilizer Reduction

2

Area (ac)

0

58,921

0

0

0

-

Water Quality Swales with Raised Culverts

3

IA (ac)

100,000

1,610

161,027,203

16,938

138,213

2,588

Bioretention Areas / Rain Gardens

4

IA (ac)

92,000

1,037

95,424,959

20,156

144,558

757

Stormwater Bumpouts

5

IA (ac)

180,000

489

88,092,999

40,888

277,708

1,494

New and Enhanced Buffers

6

Area (ac)

300

709

212,710

64

511

6

Tree Trenches

7

IA (ac)

120,000

435

52,155,704

22,879

118,666

956

Enhanced N Removal Swale

8

IA (ac)

110,000

1,544

169,836,121

12,087

122,346

2,996

-

-

-

566,843,492

4,769

39,974

1,440

Proposed Retrofit BMP

All Stormwater Practices
Advanced Septic

9

Household

20,000

15,294

305,880,418

2,958

-

-

Package Plant

10

Household

15,000

15,294

229,410,314

1,426

-

-

Advanced WWTF

11

Household

11,000

15,294

168,234,230

861

-

-

All Stormwater Practices + Advanced WWTF
735,077,722
2,339
51,837
1,868
(1) Non-CNMP nutrient plan for <300 ac is $3,000 (USDA-EQIP, 2018) + $2/ac for basic nutrient management (USDA-CSP, 2018).
(2) No construction or implementation cost is assumed to reduce fertilizer use in this scenario. Additional costs would be associated with changing the regulation of fertilizer
use, as well as training, education and enforcement
(3-5) Cost in $/cf (CRWA, 2010; HW, 2011) was converted to $/IA (ac) using 1.25 inches of runoff.
(6) Average cost is for grass buffers (MD-CE, no date). Land area treated was converted to buffer area constructed using a land:buffer ratio of 4:1.
(7-8) Cost in $/cf (CRWA, 2010; HW, 2011) was converted to $/IA (ac) using 1.25 inches of runoff.
(9) Assumptions: $30,000 for 330 gpd system (HW best professional judgment, 2018); non-consumptive flow is 48 gallons per person per day (gppd) (FDOH, 2015); design
flow is twice the non-consumptive flow; 2.32 people/house (US Census, 2010); no costs included for pipes or hookup.
(10) Assumptions: $1M for 25,000 gpd system (HW best professional judgment, 2018); non-consumptive flow is 48 gppd (FDOH, 2015); design flow is twice the nonconsumptive flow; 2.32 people/house (US Census, 2010); cost includes ten 50-ft 6" lateral pipes at $50/ft, one 500-ft 8" main at $60/ft, and 3 manholes at $3,000 each per
ten houses (Wildwood, 2016).
(11) Assumptions: $7M for 0.5 mgd flow (HW, 2018); non-consumptive flow is 48 gppd (FDOH, 2015); design flow is twice the consumptive flow; 2.32 people/house (Census,
2010); cost includes one 75-ft 6" lateral at $50/ft and a $4,000 hookup fee (Wildwood, 2016; Florida, no date).
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6.0

MANAGEMENT RECOMMENDATIONS

6.1

Approach to large scale watershed planning

This watershed planning effort was a valuable approach to assessment and planning for a large
scale watershed such as the Boynton ICA. It met the challenge of working with a limited budget
across a large watershed area. With the basic template now drafted for the flow modeling, pollutant
loading model, rapid site assessments, and retrofit management strategies, this basic approach
seems feasible in other large watersheds. In consideration of applying this same method to other
large watersheds in southeast Florida or beyond, this basic template should be reviewed and vetted
by stakeholders to evaluate its use and effectiveness, and to revise and augment this approach as
needed for broader application.
The setting for this watershed plan is a heavily developed area with multiple jurisdictions, making the
setting quite complicated for municipal and regional managers to try to work toward the same overall
water quality improvement goals. This challenge is actually what makes this watershed planning
approach the most valuable. It gives multiple jurisdictions and interests a way to organize their
energy and analysis to begin the planning effort, and to begin to evaluate actions that can be taken
to improve the watershed conditions.
Dual Scale – Large Watershed and Small Study Area
Coming together for a watershed-based effort that addresses both the large scale watershed as well
as a more targeted study subwatershed area provides two different levels of involvement and
feedback from stakeholders. Stakeholders in the larger watershed can stay involved and learn from
the detailed assessment in the smaller study area, and those in the smaller study area can move
more quickly toward a detailed understanding of the watershed conditions and site specific mitigation
measures. In the end, stakeholders at both scales benefit from a watershed management plan.
Data Collection Template
Future efforts to replicate this watershed planning approach should consider a more directed
template of information needs or key questions to guide the data collection efforts. In such a large
watershed, with so much work already underway by individual sectors, it can quickly become
overwhelming to try to understand ‘everything’ that is going on in a watershed all at once. The
framework from this watershed plan and analysis could be used to develop such a template for
future efforts in other watersheds.
Stakeholder Involvement
The most significant element of this watershed plan was the active involvement and interest from
key watershed stakeholders. The stakeholder meetings and the discussion that they generated to
iron out some important answers about how to interpret and use flow data, water quality data, and
the local regulatory setting in the watershed were invaluable. These watershed plans cannot be
developed in a vacuum but require input and guidance from those who will be working with the
analysis and recommendations. If anything, this aspect of the planning process should be
enhanced, and certainly not underestimated, in future watershed planning efforts.

Boynton ICA Watershed Management Plan
Palm Beach County, FL

Horsley Witten Group, Inc.
June 2018
Page 73

Additional Data Needs and Considerations
Additional data that would be useful at the large watershed scale includes:






6.2

Information about the wastewater pollutant loads to the upper (directly connected) and lower
(more disconnected) aquifers, in order to improve pollutant loading estimates. In addition,
more detailed mapping of sewers and individual septic system locations and sizes could be
incorporated into the initial data collection and analysis phase. This would help to improve
the pollutant loading estimates and develop more detailed recommendations for wastewater
management improvements.
Additional data points where long term flow and water quality data coincide with one another,
for purposes of modeling. In the Boynton ICA, we were able to use data to characterize
reasonably well the flows and loads entering the watershed form the west and discharging to
the east. However, we were less certain about the flows and water quality entering or
leaving in the north and south boundaries of the watershed.
This watershed planning effort was undertaken quite separately from climate adaptation and
resilience efforts within the watershed. However, impacts from and management of land
based sources of pollution clearly intersects with climate resilience issues, particularly in the
coastal setting of southeast Florida. In future watershed planning efforts, climate change
impacts and climate resilience should be explicitly considered.

Next steps for Boynton ICA

The recommendations for next steps in the Boynton ICA as a whole include a combination of code
reforms, guidance, trainings and education, more detailed prioritization process for implementation
of projects, and wastewater management improvements. More specific recommendations for the
Subwatersheds ‘I and ‘J’ study area are provided separately below.
Municipal Codes Updates and Fertilizer Restrictions
Local municipalities should implement stricter regulation of fertilizer use or even sales, particularly N
and P fertilizers, in the watershed. This is clearly the most cost effective approach, from a technical
perspective, and would have the quickest implementation schedule of any proposed improvement.
The benefits could be monitored as soon as a policy change is implemented. One challenge for this
recommendation is the effort involved in promulgating new regulation, but this is minimal compared
to potential benefits and the potential costs of other mitigation practices. Another challenge is
monitoring and enforcement of the new regulation. However, because fertilizer application is
typically done by a single industry, the landscape maintenance industry, consistency of regulations
across the region can make it easier for industry to comply. Training of that industry can also be
useful in enforcing the regulations (as further described in the Training and Education section
below).
Codes should also be reviewed and audited to ensure that better site design principles and green
stormwater management practices are required and encouraged, and not prohibited by accident.
The CWP code and ordinance worksheet could be used to evaluate and develop recommendations
for improvements in each municipality, so that new development and redevelopment would better
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manage stormwater and other water quality and water efficiency impacts. Over time, this will begin
to transform the watershed, due to the rapid growth and redevelopment that is occurring.
The enforcement of permits that govern stormwater management design, construction and
maintenance could be strengthened. Permits for planned unit developments discharging to SFWMD
canals are issued by SFWMD and FDEP issues Environmental Resource Permits for other large
scale projects. However, there is little inspection or reporting to ensure that stormwater
management systems continue to function as designed, even if they are designed to meet rigorous
standards. Enforcement and inspections are expensive undertakings, but the proper function of
stormwater practices can be easily compromised by a change in landscaping, poor maintenance,
and a lack of understanding of the systems.
Green Infrastructure Design Manual
A design manual to provide a menu of green infrastructure practices and better site design options
could benefit the municipal managers as well as local private engineers and landscape architects. A
design manual provides a basis of understanding for all practitioners, so that everyone can speak
the same language, work with the same menu of practices, and have the same understanding of the
pollutant removal efficiencies, design constraints, appropriate settings and materials for the
practices. The manual can be referenced by municipal ordinances or regulations, and could be used
as a reference for stormwater and site development permits.
In addition, a manual can also highlights the costs and benefits of green infrastructure and provide
examples of how green infrastructure is providing multiple cross-cutting benefits to a community or
region. In particular, it would be helpful to provide case study examples of how green infrastructure
investments are helping to revitalize communities in Florida by increasing property values, creating
economic opportunity and addressing legacy stormwater issues. Examples might include Cascades
Park in Tallahassee (https://fbpe.org/cascades-re-development-project/), Depot Park stormwater
park in East Gainesville (http://www.depotpark.org/history/), and Alachua County
(http://www2.ku.edu/~kutc/pdffiles/Green%20Infrastructure%20Case%20Studies.pdf and
https://icma.org/sites/default/files/2767_.pdf).
Training and Education:
Landscapers and site maintenance professionals receive training on fertilizer application. Additional
training should be provided, in the appropriate required languages, for other elements of
landscaping, including the design and maintenance of innovative vegetated stormwater practices,
and how to recognize stormwater practices versus general landscaping.
Local civil engineers, including private engineers as well as municipal engineers, should receive
regular training on the menu of effective green stormwater practices. This training should include
site visits and information sharing sessions among engineers, maintenance staff, and environmental
managers to promote familiarity with these practices, and facilitate the evolution of design
improvements specific to the challenges of the area, such as climate, groundwater, proximity to
canals, etc.
Local municipal staff and home owner association officials from large developments should receive
training on inspections of stormwater practices so they can understand when their systems are
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working and when they need repairs or maintenance. Ultimately, a more rigorous maintenance
reporting requirement for site permitted by the local municipalities, FDEP or the SFWMD would be
useful to ensure that inspections and maintenance occur regularly and repairs are made.
The well-established Florida Friendly Landscaping program at the University of Florida Cooperative
Extension Service should also be fully embraced as a resource for this education and training effort.
Prioritization Process for Implementation of Projects:
This watershed plan uses a land use based pollutant loading analysis to assess current loads and
potential load reductions from a variety of management strategies. A valuable next step would
include the development and implementation of a prioritization process (likely involving GIS data as
well as guidance from municipal staff) to identify specific locations in the watershed where
improvements would provide the highest return on investment for pollutant load reduction. Given a
limited budget for implementation, an implementation prioritization process would help identify which
areas of the watershed and which implementation strategies to implement first. This would build
upon the analysis provided in this watershed plan, to apply the recommended management
strategies and example concept designs to specific locations on the ground, and would provide a
more detailed roadmap for managers.
Wastewater Management Improvements:
Facilities currently served by septic systems should be connected to the sewer for treatment at an
existing WWTF. The modeling analysis in this watershed plan clearly indicate that this is the most
effective and least costly (on a unit cost/lb TN removed basis) approach to improve the water quality
and reduce nitrogen pollutant loading from wastewater discharges. Note, however, that these
improvements will do little to reduce TP loading if the current systems are functioning properly.
However, we know from the research that many current systems are failing due to inundation from
elevated groundwater and from a lack of maintenance. In these cases, the sewer hookup would
create multiple benefits. Our study did not evaluate the proximity of septic locations to existing
sewers; an important next step would be to evaluate the proximity of existing sewer lines to
properties served by septic systems, the available sewer and WWTF capacity, and estimated cost to
extend the sewer and/or increase capacity. In the meantime, any new development or
redevelopment should be required to examine the option of connecting to the sewer, and the water
quality benefits should be well quantified to provide a comprehensive cost-benefit analysis to ensure
that connections are undertaken when appropriate.
Establishment of a Watershed Advisory Committee
This watershed plan provides a basic roadmap for managing the watershed to improve the quality of
surface waters, and will require a more detailed implementation plan based on prioritization and
commitments from a wide variety of partners and stakeholders. A Watershed Advisory Committee
would guide the development of this more detailed implementation plan, and manage the
accountability and tracking of progress toward water quality improvements. The committee should
consist of stakeholder agencies and municipalities, including MS4 permittees as well as FDEP,
SFWMD, LWDD, and representatives of the land uses that would be affected by the
recommendations of this plan, such as commercial business organizations in business park,
commercial shopping center and town center settings, PUDs, the landscaping industry and others.
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This committee could build upon the stakeholders that participated in the development of the current
watershed plan, and incorporate the already established cooperative effort among the Palm Beach
County MS4 permittees to meet their permit requirements.

6.3

Subwatershed I and J

There are a variety of potential opportunities to retrofit existing properties in the subwatershed study
area. In addition, there are opportunities for nonstructural improvements to policies, design and
maintenance practices within the watershed that could provide significant water quality benefits.
Based on the site observation, research, and modeling performed in the development of this
watershed plan, we have developed recommendations for improved management of the
subwatershed study area in order to reduce land-based pollutant loads. The study area was
selected as a microcosm representing similar characteristics and land uses found across the entire
Boynton ICA. As a result, the management recommendations for the subwatershed study area can
be applied broadly in the Boynton ICA as well.
Structural Stormwater Practices:
On a cost per treatment basis23, stormwater retrofitting is one of the most expensive and least cost
effective ways to reduce watershed loads. Of the practices considered (ponds excluded), water
quality swales and bioretention systems are generally the most cost effective practices to address
nutrients and TSS from stormwater runoff, according to the modeling. However, in areas where
these practices may not be feasible, other practices such as tree trenches, stormwater bumpouts
and enhanced vegetated (no mow) buffers should also be considered. We recommend that the
Cities of Delray Beach and Boynton Beach as well as Palm Beach County undertake a series of
small pilot retrofit projects to demonstrate the design, construction and maintenance of these
practices in a variety of settings. Perhaps working with universities or high schools, these practices
could be monitored to evaluate their effectiveness, make adjustments to design elements and
provide a basis for future stormwater improvements.
Specifically, we recommend installing retrofit pilot projects at several suitable sites that we assessed
and presented in Section 0 of this watershed plan. HW included a recommended priority ranking for
the use of available funding based on the site assessments and concept. These sites and priority
ranking are presented in Table 24. Educational signage at each site would enhance the
effectiveness of the projects in educating the public about the benefits, in preparation for more
projects across the watershed.

23

However, importantly, we note that there are many additional benefits to property values, aesthetics,
and open space improvements that are not quantified here and that substantially augment the host of
benefits to the local community that can be provided by these green stormwater retrofits.
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Table 24. Stormwater Retrofits Recommended for Pilot Project Implementation
Priority

Site ID

1

J11BC

Recommended Stormwater
BMP Type
Bioswale or N-swale

1

M1

Tree trench

High Intensity Commercial

Contributing Area Primary Land Use
Park

1

M2

Bump outs

High Intensity Commercial

2

J10A

Bioretention

Residential - Single Family

2

I10A

Bioretention

Park

3

J9A

Enhanced N removal swale

Highway/Roads

3

I23

Bioretention/rain garden

Residential - Single Family

Monitoring
A watershed monitoring plan should be developed for a single subwatershed for the purpose of
documenting improvements over time as a result of implementation of retrofits. The plan should
include water quality parameters of interest (nitrogen and phosphorus) as well as flow at key
locations so that the watershed flow model can be improved. One of the challenges of this
watershed planning effort was developing a flow model at a scale smaller than the full Boynton ICA.
We were unable to do that because of the limited locations where flow data and water quality were
generally coincident.
In Lake Ida as a particular example, more information is needed about the specific flow volumes and
direction of flows into the lake and out of the lake in order to develop a flow model. However, the
Cities of Boynton Beach and Delray Beach, as MS4 permittees, recently submitted and received
approval for an ambient water quality monitoring plan that will monitor water quality at seven key
locations in Lake Ida, including the inflow locations into Lake Eden and Lake Ida from LWDD canals
and MS4 discharges and the outflow from Lake Ida in the southwest corner. The approved
monitoring plan is included in Attachment E. This monitoring plan is developed in order to
document improvements in water quality as retrofits are implemented to eventually meet the TMDL.
The results documented in the Lake Ida watershed could be applied across other similar Chain of
Lakes watershed or elsewhere in southeastern Florida to make management decisions.
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7.0

CONCLUSION

This watershed plan represents a pilot methodology for rapid assessment and planning for a large
watershed (>100 square miles). The modeling and cost estimating presented in this watershed
management plan provide a basis for comparing and prioritizing management options at a broad
planning scale. The targeted site assessments provide a method for rapid understanding of a
representative subwatershed, and the development of a reasonable suite of management options
appropriate for the setting. The assumptions and recommendations developed for the
representative subwatershed can be reasonably extrapolated across the full subwatershed to
develop and compare broader cost estimates and estimates of pollutant loading effectiveness.
Following a rigorous review and vetting of this methodology, this same or similar methodology can
be repeated in other large watersheds in southeastern Florida, or elsewhere.
A significant challenge with performing rapid watershed assessment and planning at this large scale
is the simple fact that a large heavily populated watershed includes a significant network of
stakeholders, as well as state, regional and municipal regulatory programs, data sets, and prior
research. Many managers are faced with the difficult challenge of balancing the budget with the
sense of responsibility for fully understanding the details and mechanics of the watershed. More
examples of this rapid assessment planning approach will help to better define that balance and the
expectations for the watershed plans, and will help the users (planners, municipalities, regulators,
engineers, and policy makers) to have clear expectations of the product and the next steps.
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