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Abstract

Miami-Dade County (MDC) has over 112,000 septic systems, some of which are at risk of compromise due to
water table rise associated with sea level rise. MDC is surrounded by protected water bodies, including Biscayne
Bay, with environmentally sensitive ecosystems and is underlain by highly transmissive karstic limestone. The
main objective of the study is to provide first estimates of the locations and magnitudes of septic return flows to
discharge endpoints. This is accomplished by leveraging MDC’s county-scale surface-groundwater model using
pathline analysis to estimate the transport and discharge fate of septic system flows under the complex time
history of groundwater flow response to pumping, canal management, storms, and other environmental factors.
The model covers an area of 4772 km? in Southeast Florida. Outputs from the model were used to create a 30-
year (2010 to 2040) simulation of the spatial—temporal pathlines from septic input locations to their termination
points, allowing us to map flow paths and the spatial distribution of the septic flow discharge endpoints under the
simulated conditions. Most septic return flows were discharged to surface water, primarily canals 52,830 m3/d and
Biscayne Bay (5696 m?/d), and well fields (14,066 m3/d). Results allow us to identify “hotspots” to guide water
quality sampling efforts and to provide recommendations for septic-to-sewer conversion areas that should provide
most benefit by reducing nutrient loading to water bodies.
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Introduction

Septic systems produce a number of contaminants,
such as nutrients, pathogens (bacteria, virus, protozoa,
helminths), human pharmaceuticals and personal care
products (antibacterial agents, detergent metabolites)
(Lusk et al. 2017), and any other substance a septic
system user might dispose of in a tub, sink, or toilet.
These can cause environmental degradation or illness
if they reach surface water bodies or groundwaters.
Using the terminology of, for example, Hughes and
White (2016) and others, we refer to the water that
moves directly to the aquifer from the septic system
as septic return flow. Adequate septic system perfor-
mance relies on an adequate residence time (Humphrey
et al. 2015; Iverson et al. 2015) and an unsaturated
treatment zone beneath the system’s leach field to
permit aerobic nitrification processes (USEPA 1999) and
provide pathogen removal (Cogger et al. 1988, Figure 1).
Sources of nitrogen and phosphorus in urban groundwater
include septic systems, leaky sewer systems, treated and
unintentional wastewater discharges, use of fertilizers,
and landfill effluents (O’Driscoll et al. 2010).

Rising water tables in response to sea level rise
and their implications for septic systems are a challenge
in Southeastern Florida (Miami-Dade County 2018;
Lusk 2022), other coastal areas in the United States
(Manda et al. 2015; Vorhees et al. 2022), and around the
globe.

The main objective of the study is to provide first
estimates of the locations and magnitudes of septic flows
to discharge endpoints. While previous studies in Miami-
Dade County (Chin 2020; Miami-Dade County 2018)
have looked at the county via large-scale mass balances
and treat septic effluents as nonpoint sources, this is the
first known attempt to explicitly track septic effluents
in MDC based on a groundwater flow model, and few
similar studies are known (e.g., Buszka and Reeves 2021).
While particle tracking is frequently used to identify
groundwater vulnerability (e.g., Klaas et al. 2017; Fiore
and Colarullo 2023) and contributing areas of wells
and coastal discharge areas determined using particle
tracking sometimes include septic discharges (e.g., Sham
et al. 1995; Barlow 1997; Masterson et al. 1997; Brawley
et al. 2000; Robinson and Reay 2002; Morgan et al. 2007;
Walter 2008), there appear to be few studies that exploit
forward particle tracking from septic return flow sources.

This study was conducted to estimate the fate of
septic return flows in terms of their ultimate discharge
locations and flows by computing potential flow paths of
septic effluents in MDC. Because the distribution of septic
discharges and other variables relevant to the groundwater
(e.g., water supply pumping and sea level) have changed
over time in the past and are expected to continue to
change in the future, the model that our work is based
on is transient and looks 30years into the future from
2010. Sea level is assumed to rise 15 cm over that period.
This is expected to have some effect on the flowpaths of
septic effluents, but given the numerous uncertainties and
approximations involved in the simulation and our desire
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to make first estimates of approximate septic discharge
endpoint locations and flows, we view our results as a
hybrid of current and future conditions.

Study Site

MDC in Southeastern Florida includes barrier islands
adjacent to the Atlantic Ocean and the larger mainland
portion of the County, which are separated by Biscayne
Bay (Figure 2). MDC is generally low-lying with
an average elevation of 1.83m above sea-level (Chao
et al. 2021), and this leads to widespread shallow water
tables that are rising in some areas of the County at rates
similar to sea level rise (Sukop et al. 2018). The County
has more than 112,000 residential septic systems (Miami-
Dade County 2018), some of which were put into place
prior to regulation, under less stringent regulations, and/or
in areas where the groundwater level has increased over
time. The design of these septic systems did not consider
possible reductions of unsaturated zone thickness with
time due to rising sea level, which can compromise their
functionality.

Due to the slowly rising water table and superimposed
rapid short-term rises in response to rainfall, it is
estimated that 64% of the County’s septic systems are
periodically compromised, which is considered to be
when there are less than 2ft (approximately 0.6 m)
separation from the water table, due to storms or wet
years (Miami-Dade County 2018). By 2040, many will
be too close to the water table at least part of the
year to provide adequate wastewater treatment (Miami-
Dade County 2018). When a septic system leach field
becomes submerged, the film-flow filtration and aerobic
treatment processes characteristic of the unsaturated
zone are potentially lost and wastewater is directly
discharged to groundwater without adequate treatment
(Lusk et al. 2017).

Despite this risk of contamination due to compro-
mised septic systems, septic-to-sewer conversion has been
slow to proceed in MDC because of high cost. The cost
of connecting about 83,000 septic-served properties to
the County’s sewer system is approximately $3.3 billion
(Miami-Dade County 2018). Even in areas that the County
has identified as priorities, homeowners themselves are
frequently reluctant to pay connection fees and the addi-
tional monthly fees.

Geology and Hydrogeology

MDC is underlain by the epikarstic surficial Biscayne
Aquifer, which is one of the world’s most productive
aquifers, with transmissivities exceeding 28,000 m?/d in
some areas (Fish and Stewart 1991). Figure 2 shows the
location of the study area in Florida and its elevation.
The Atlantic Coastal Ridge is an elevated region near
the coast that is interrupted in various places by low-
lying “Transverse Glades” that were ancestral drainages
and have been largely converted to dug drainage canals.
These canals act as primary drainages and capture flows
from inside the topographic divides that define their
basins (Cooper and Lane 1987). The Biscayne Aquifer
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Figure 1. Possible nitrogen (a) and phosphorus (b) fate in septic system effluents, modified after Lusk et al. (2017). Increase
of the water table elevation can compromise nitrification due to anoxic conditions and phosphate adsorption capacity due to
iron and manganese reduction. Less than 0.6 m of separation between the bottom of the leach field and the water table leads
to classification as a compromised system while partial seasonal (or longer) submergence leads to classification as a failed
system (Miami-Dade County 2018).
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Figure 2. Map displaying the study area and Digital Elevation Model (DEM) with canal hydrography of Miami-Dade County
(adapted from Miami-Dade County 2021); highest elevations on the map reflect landfills around the County (up to 71.2 m).
Histogram (right, after Zhang 2011) shows distribution of NAVDS8 elevations in the County. More than 95% of the land in
the County (larger extent than shown in Figure 2) is less than 3 m NAVDSS.
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serves both municipal and private wells and owes its
high transmissivity to its small (meter-sized) caverns
(especially at bedding planes) and its vuggy nature in
many places (Cunningham et al. 2006, 2009; Sukop
and Cunningham 2014). The details and connectivity
of such features are not resolvable at the County-wide
scale and consequently, an equivalent porous medium
approach is typically applied in models of the Biscayne
Aquifer at that scale (e.g., Hughes and White 2016). While
adequate permeability is necessary for proper function of
septic systems, these extreme karst aquifer characteristics
can prevent satisfactory treatment (USEPA 2001, 2002)
and enable exceptional potential for solute and pathogen
transport (Harvey et al. 2008; Renken et al. 2008).

Biscayne Bay suffers from fish kills and seagrass die-
off related to nutrient and other forms of pollution. Most
surface and groundwater in MDC is ultimately discharged
to Biscayne Bay via an interconnected canal system and
through groundwater discharge in the coastal area. The
main sources of nutrient loading to canals are groundwater
inflows and direct surface runoff.

Methods

Existing Groundwater Model

The Urban Miami-Dade (UMD) comprehensive
surface-water/groundwater model developed by the U.S.
Geological Survey (USGS) (Hughes and White 2016)
has been serving a de facto role as a model of record
in Southeast Florida. We leverage this model to com-
pute the pathlines in this paper. The Miami-Dade
surface/groundwater model is a three-layer, three-
dimensional transient model that operates at a daily time
step with a total of 10,958 daily stress periods represent-
ing 30years. It simulates groundwater heads across its
189-row by 101-column domain using a grid resolution of
500m x 500m. Layer thickness, hydraulic conductivity
and storage coefficients vary spatially as reported in
Hughes and White (2016), and approximately reflect the
distribution of recognized geologic units in the Biscayne
Aquifer. Layer 1, which includes the water table, ranges
from roughly 2 to 6 m in thickness, Layer 2 ranges from
approximately 6 to 18 m, and Layer 3 ranges from 6 to
11 m, with all thicknesses increasing from west to east
as described in Hughes and White (2016). A spatially
variable specified flux boundary incorporated observed
daily NEXRAD rainfall, estimated net agricultural and
recreational water use, and septic system return flows as
described in Hughes and White (2016).

The UMD model uses a l-year warm-up period
(January to December 1996) to mitigate the effect of
the initial conditions prior to the calibration period from
January 1997 through 2004, and is validated against data
from January 2005 through December 2010. In the Base
Future Conditions Case (Hughes and White 2016) that
we used for our particle tracking simulations, the model
is extended to future conditions from 2010 to 2040 by
twice repeating most of the inputs using the 1996 to
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2010 data, but including a 0.15m sea level rise (equiv-
alent to 5mm/year) applied linearly over the 30-year
simulation period; this sea level rise rate is consistent
with data from the Virginia Key tide gauge, indicating
an average rise of over 0.10 m since 1994 (4.8 mm/year,
Compact 2015). Also, 2010 pumping rates were used
for the future conditions (Hughes and White 2016).
The Miami-Dade surface/groundwater model contains
historical time-dependent land use-/land cover-based
estimates of evapotranspiration and impervious areas,
historical flows at primary water control structures,
municipal, agricultural, and recreational groundwater
pumping, septic system returns, and canal cross-sections
for more than 1000 unique canal reaches.

Hughes and White (2016) provide a detailed descrip-
tion of the UMD model and its limitations related to
the numerous model assumptions. Nonetheless, this
model remains the best available tool for comprehensive
ground-surface water simulation in MDC. Model output
enables uses of MODPATH for particle tracking as we
describe here.

Particle Tracking

MODPATH (Pollock 2012) is the principal tool used
to leverage the pre-existing coupled ground-surface water
model for the estimation of septic discharge fate via
particle tracking; ModelMuse, ArcGIS, and Python were
used for pre-/post-processing. It was assumed that a
particle represents a flow of water equal to the septic
return flow in the cell in which the particle originated. This
is an approximation as it ignores mixing along the flow
path and as a result produces a point discharge location.
This may be a good approximation when the discharge
location is a well, but is less appropriate where the
discharge location is a canal or stream where the discharge
would be spread out along a reach of the stream/canal. It
is a further approximation that all septic return flows in
a cell are represented by a particle starting at a single
location in the cell.

The conceptual framework we apply is similar to
the new volume-weighted particle tracking method of
Winston et al. (2018), which serves as the heart of the
new USGS transport model. Particles that enter the flow
domain at septic sources are weighted by the volume
of septic water they represent. The movement of the
particles is tracked to their sinks, where the tracked
volume of septic water is discharged (along with any
other water picked up along the way that discharges at the
same sink). No calculations or claims about concentration
are made in our simplified approach. We simply track the
input volume of septic water to its discharge location at
the tracked particle’s sink.

The particle tracks themselves approximately repre-
sent flowlines similar to those on a flow net, and hence,
they do not cross one another and, other than trans-
port across them by transverse dispersion, the tracked
water volume (and by extension its contained solute mass
neglecting transformation or any other degradation) is
expected to be conserved.
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The solute mass “flow” entering via the septic
discharge must equal the volumetric flow of those
septic inflows times their concentration. If we assume
that the concentration of all septic inflow is identical,
then the solute mass flow is strictly proportional to
the septic inflow itself. Further, neglecting any solute
transformations, the solute input mass must be conserved.

The approach described in Winston et al. (2018)
is far more complicated than what we need to address
our principal interest here. We are strictly interested in
the paths of the input particles (which are weighted
to represent the septic flow and hence, the mass flow
of septic solutes) rather than their dilution or other
mixing with flows from other sources. This is because
we are interested in the solute mass flow discharge
rather than the concentration. Attenuation and degradation
of the dissolved water constituents are not taken into
consideration; only the paths and ultimate discharge
endpoint locations of the septic return flows are estimated.

The 30-year (2010 to 2040) Base Future Conditions
Scenario simulation (Hughes and White 2016) was run to
generate the binary output files (Cell-by-Cell Flows and
Heads) needed to run MODPATH Version 6 package (Pol-
lock 2012). All the original parameters from the UMD
model were retained for the simulations. Initial particle
locations were obtained from the original model’s 2010
septic return flow input file by placing one particle in each
model cell with non-zero septic return flow. Accordingly,
3256 particles were released at the beginning of the par-
ticle tracking simulation (stress period 1); initial particle
locations are shown in Figure 3. Each released particle
has a unique ID and spatial location with a corresponding
flow value that allowed the tracking of particles and their
associated flow to their discharge endpoints.

Specific Yield and Transport Porosity
Transport or effective porosity (rn.) is an important
variable that determines particle velocity (v) via:

v=— @)
Ne
where ¢ is specific discharge (Darcy flux). Transport
porosity is notoriously difficult to estimate other than
from transport experiments (Stephens et al. 1998; Wor-
thington 2022), which are generally not available for
most of MDC.

Numerous studies have used specific yield as an
estimate of transport porosity in the Biscayne Aquifer
(e.g., Merritt 1996; Langevin 2001, 2003; Hughes and
White 2016). Hughes and White (2016) estimated specific
yield from model calibration and this parameter is a
potential source for an estimate of the effective poros-
ity needed in MODPATH’s algorithms for computing
groundwater velocity. Specific yields for Layer 1 were
estimated using a pilot point calibration process; specific
yield kriging resulted in a “bulls-eye” pattern as shown
in figures 29 and 41 of Hughes and White (2016). The
mean of Layer 1 specific yields obtained in the USGS’s
model calibration is 0.339 with a standard deviation of
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0.081. In the UMD model, this specific yield was used
as the transport porosity for the SWI2 package, and was
also adopted for use in MODPATH particle tracking in
this investigation. In MODPATH, Layers 2 and 3 were
assigned constant transport porosity of 0.2 as used in
other studies (Merritt 1996, 1997; Langevin 2001, 2003;
Chin et al. 2010; Lohmann et al. 2012).

In some cases (e.g., Renken et al. 2008; Shapiro
et al. 2008), the use of the specific yield as an estimate of
transport porosity this appears to be a poor approximation
that might grossly overestimate transport porosity and
thereby underestimate the transport velocity. However,
there is evidence that the appropriate transport porosity
depends on the timescale of the transport process (Wor-
thington et al. 2019; Worthington 2022). For short-term
transport processes such those considered by Shapiro
et al. (2008) and Renken et al. (2008), dominated by
touching-vug flow zones representing high-velocity
transport paths, the appropriate transport porosity can be
a small fraction of the total porosity. For long-duration
transport problems, the transport porosity appears to
approach the total porosity (Worthington et al. 2019;
Worthington 2022). Given that our interest is in transport
on timescales generally greater than a year, transport
porosities based on specific yields, which lie between
the small estimated transport porosities from short term
measurements and the total porosity, likely represent an
appropriate approximation.

Septic Return Flows

As described in Hughes and White (2016), UMD sep-
tic return flows were computed for 3 times (1990, 2000,
2010) and then applied for the following decade (e.g., the
1990 estimate was applied for the 1990 to 1999 period) in
the warmup/calibration/verification model run. They esti-
mated septic system locations from data compiled by the
Florida Department of Health based on tax records and a
modeled probability that a parcel has a septic system (Hall
and Clancy 2009). These results were combined with
1990, 2000, and 2010 census data to estimate discharge
from active septic systems based on population density.
The septic system database estimated 112,280 septic
systems in the onshore part of the UMD study area. Com-
bined with mean population per household in each census
block and an average discharge of 0.21 cubic meters per
day (m?/d) per person (Marella 2004), total discharge to
septic systems in the onshore portion of the study area
was estimated to be 30,240, 76,032, and 71,712m3/d
in 1990, 2000, and 2010, respectively (Hughes and
White 2016). The 2010 spatial distribution of estimated
septic discharge in cubic meters per day per grid cell
is shown in figure 20c of Hughes and White (2016),
including about 4000 m*/d septic discharge on the barrier
island, which is not included in the onshore totals above.
Including the barrier island flows, the onshore total would
be 75,642m>/d as reported in the results. Septic return
flows were held steady at 2010 levels and spatial distri-
butions in the Base Case Future UMD simulation that we
use in our application of the particle tracking simulations.
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Figure 3. Map showing initial particle locations and septic return flow magnitudes (m3/d) for the particle tracking simulation.

Highest septic flows red, low flows blue, modified after Hughes and White (2016).
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The location and status of septic systems is difficult
to determine and few highly accurate databases exist.
Differences between the estimates in Figure 3 and the
County’s current updated septic GIS layer (data source:
Miami-Dade County 2022) may be due to differences in
population density in the different areas, differences in
septic deployment and abandonment, and septic-to-sewer
conversion since the time the UMD model was created.

Results

Spatial—temporal pathlines with termination points
were generated, allowing the mapping of estimated flow
paths and the spatial distribution of estimated septic flow
discharge endpoints. Septic return flow recharge locations
based on UMD input data were used as starting points
(Figure 3) for the 30-year particle tracking simulations.

Hughes and White’s (2016) report shows septic
return flows for the onshore study area only, though
the actual UMD model files as archived by USGS used
estimated septic flows for the entire county including the
barrier island of Miami Beach. Although local agencies
anecdotally report that there are no septic systems on
Miami Beach, the USGS approach to estimating septic
discharges included flows on Miami Beach as shown
in Figure 3. County reports (Miami-Dade County 2018,
2020) also show septic systems on Miami Beach and
it is nearly certain that there once were many such
systems. This discrepancy does not substantially affect
our results or conclusions given that the emphasis is on
mainland basins and canals that drain into Biscayne Bay,
particularly the northernmost portions of the Bay where
water quality impacts are greatest.

Discharge Endpoint Locations and Flows

Figure 4 shows the discharge endpoint for each
simulated grid cell that had a septic return flow source.
Simulated particles frequently descended at the beginning
of the simulation, some reaching model Layers 2 and 3 but
coming back to the upper layer when discharge endpoints
were reached. Septic return flows in the model were
discharged to endpoints in surface water (52,830 m?%/d),
well fields (14,066 m?/d), and directly to Biscayne Bay
(5696 m*/d).

Figure 5 shows the initial particle locations and
the pathlines, which are colored to illustrate the time,
in years, elapsed before endpoint discharge. The mean
travel time for 90% of the pathlines, which reached
their discharge endpoints during the 30-year simulation,
was estimated to be about 8.5 years. These estimates are
expected to be sensitive to the transport porosities used
in the pathline simulation (see section on Specific Yield
and Transport Porosity above). Ten percent of the particles
were estimated to be still active after 30 years.

Septic flows, pathlines, and discharge endpoints as
flows are shown in Figure 6. The average discharge flow
for the termination points is about 23 m3/d. The Miami
Springs-Hialeah-Preston well fields capture a high density
of high-flow-rate flow paths in the simulation.

NGWA.org

Assessment of Simulated Discharge Endpoint Locations

Simulated discharge endpoint locations were analyzed
by areas of interest, including drainage basins, canals, well
fields, and the Bay itself. About 70% of the septic return
flows terminated in canals, 19% in well fields, 7% directly
in Biscayne Bay, and 4% of the flows terminated on the
ocean side and other areas (Table 1).

Figure 7 shows the simulated distribution of discharge
flows terminating in canals and near the Miami Springs-
Hialeah-Preston production wells. Estimated discharges to
canals, which accounted for 70% of the terminating septic
return flows, were further analyzed by specific basin in
the northernmost part of the county. Similar work assess-
ing sources of total nitrogen (TN) and total phosphorus
(TP) to groundwater was completed by Chin (2020) and
was used for comparison with our findings.

Analysis of Simulated Discharges to Well Fields

Of the 19% of simulated total septic return flows
estimated to terminate on well fields (Table 2), 49%
was discharged to the Miami Springs-Hialeah-Preston
(MS-HI-PP) production wells (termination points at this
location are shown on Figure 7) followed by 14% at the
Winson well field; remaining discharge percentages by
well field are found on Table 2a.

Additionally, 2010 base-rate pumping from MDC
wellfields was used to estimate the fractions of inflows
to production wells that are estimated to come from
simulated septic discharge flows (Table 2b). The MS-HI-
PP wellfield had the highest simulated septic return inflow
of 6903 m?/d representing 2.6% of the total production
well field’s base-rate pumping; the remaining wellfields
were estimated to capture less than 1% septic return flows
as shown on Table 2.

Basin-wide Analysis of Septic Flow Discharges
for Northern MDC

The basin-wide estimates that we present here are
not specific to groundwater or canals, but rather represent
an overall loading within boundaries of the basins. In
our work, the C-7 basin is the area that had the highest
number of estimated septic return flow termination points
and associated discharges (19,324 m3/d), which accounts
for 49% of the total septic discharges among the four
basins (Figure 7, Table 3).

We used average total canal flows from Chin (2020)
to estimate the ratios of septic return flows to total
flows coming from the northern MDC basins. This
represents the proportions of canal flow comprised of
septic effluent. The analysis yielded percentages of 1.0%,
3.9%, 1.8%, and 0.4% for the C-6, C-7, C-8, and C-9
canals, respectively (Table 4).

Discussion

Model results suggested that half of the particles
reach their sinks in less than 4.9 years and septic-to-sewer
conversions would be expected to yield potential water
quality improvements in that timeframe for those particles.
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Table 1
Overall Distribution of Septic Flow Fate

Endpoint Flows by Area of Interest

Septic Endpoint Percentage

Location Flow (m3/d) Distribution (%)
Canals 52,830 70
Well fields 14,066 19
Biscayne Bay 5696 8
Ocean side 1747 2
Other 1303 2
Totals 75,642 —

Note: Pathline termination points falling within a distance of 500 m from a
canal or well field was the criterion used to assign discharge to canals and
well fields.

The remaining 1552 particles had longer discharge times
(including 190 particles with discharge times longer than
30 years), and this suggests that near-term septic-to-sewer
conversion in areas that contribute to those slower flows
might require multiple years or decades to have an impact
on receiving waters.

Some of the approaches and the resolution used to
simulate processes in the underlying groundwater flow
model may lead to overestimation of the flow of the septic
discharge and the transport of its potential constituents. In
particular, in suburban areas the model ignores potentially
plentiful small domestic irrigation wells that might capture
septic effluent. The model assumes that lawn irrigation in
urban areas comes entirely from municipal water sources.
In contrast, regional South Florida Water Management
District models estimate that about 50% of lawn irrigation
comes from domestic wells.

The 500-m grid UMD model represents canals and
other features as occupying an entire grid cell. Under these
circumstances, the entire cell containing a canal acts as
a “drain” and potentially captures more particles over a
larger area. Preliminary grid resolution studies on small
selected areas suggest that in a spatially refined model
with explicit representation of small domestic irrigation
wells, particles that are very close to a canal (less than
30 m) are captured by the canal, while many particles are
captured by these wells in a cell. Similarly, particles that
are estimated to be captured by a public water supply well
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Table 2
(a) Distribution of Simulated Septic Effluents
Discharged to Well Fields. (b) Production Well
Inflows from Septic Return Flows and 2010
Groundwater Pumping Rate (Referred to as Base
Rate) from Hughes and White (2016)

(a) Endpoint Flows at Well Fields

Septic Percentage

Endpoint Distribution
Well Field Flow (m>/d) (%)
Miami Springs- 6903 49

Hialeah-Preston

Winson 2010 14
Wittkop 1223 9
A. Orr 1162 8
Other 1062 8
Harris 884 6
NMB 336 2
SW 310 2
FL Keys 177 1
Totals 14,066 —

(b) Septic Endpoint Flows and Percentage
from Base Rate Pumpage

Septic
Endpoint Percentage

Flow Base Rate from Septic
Well Fields (m?/d) (m3d) Endpoint Flows (%)
Miami Springs- 6903 264,979 2.6

Hialeah-Preston
Alexander Orr 1162 151,416 0.8
South West 310 414,124 0.1
Table 3
Simulated Septic Effluent Distributions by Basins
and Canals

Endpoint Flows Basins and canals

Septic Septic
Endpoint Endpoint
Flow Flow

Basin (m?/d) Percentage Canal (m3/d) Percentage

C-6 8952 23 C-6 5168 17
Cc-7 19,324 49 C-7 11,316 37
C-8 7326 18 C-8 8520 28
Cc-9 4163 10 C-9 5217 17
Totals 39,765 — Totals 30,221 —

field, may instead be captured by domestic lawn irrigation
wells. Fundamentally, a more refined grid that includes
these wells and better resolves canals and pumping wells
may turn weak lawn irrigation sink cells into stronger sink
cells capable of capturing local groundwater. If whole-
UMD-model simulations could be carried out at high
resolution, canals and public supply wells might not play

968 M.E. Valencia et al. Groundwater 62, no. 6: 957-971

Table 4
Septic-Derived Fraction of Total Canal Flows per
Basin, Total Canal Flow Data from Chin (2020).

Endpoint Flows Basins

Septic Endpoint Total Canal

Basin Flow (m3/d) Flow (m3/d) Percent
C-6 8952 855,360 1.0
C-7 19,324 492,480 39
C-8 7326 414,720 1.8
Cc-9 4163 993,600 04
Totals 39,765 2,756,160 —

as significant a role in capturing flow from septic system
returns as they do in the coarser model.

The UMD model assumes agricultural irrigation
needs can be represented as a negative recharge in the
“GFB” package. In reality, agricultural producers extract
water from wells that can also capture septic effluents.
Experimental modeling of a selected agricultural area
represented irrigation as wells and found that most
simulated septic discharge was captured by the wells
rather than the canals. Thus, contributions of septic
discharges to canals might be lower than estimated in our
work. Domestic and agricultural irrigation pumping may
capture groundwater nutrients and transfer them to the
root zone for uptake by plants and reduce overall loading
of nutrients to regional water systems. Thus, our results
may represent worst-case conditions for septic return flow
fate in MDC.

Septic effluent distributions were also analyzed and
compared, focusing on basins and canals in the northern
part of the County. The C-7 basin was the area subject
to the highest septic return flow with 49% of the total
septic discharge among the four basins. Using a different
approach based on septic system counts per basin from the
Miami-Dade GIS portal, assuming that each of those sys-
tems serves a three-person household with per-capita load-
ing of 284 L/d, and that TN and TP concentrations in sys-
tem effluent are 50 and 5 mg/L, respectively, Chin (2020)
estimated considerably different total septic return TN and
TP than we would estimate based on septic return flows
from the UMD model as shown in Table 5. The prob-
abilistic and population-based approach to septic inflow
estimation adopted by the USGS in the UMD model is pri-
marily responsible for the differences in these estimates.

Conclusions

Coastal MDC has shallow and in some areas rising
water tables, which pose risks to functionality of sep-
tic systems (Miami-Dade County 2018). Episodic water
table rises in response to storms can also compromise
septic system functionality and in severe cases, high
water tables may reach the surface, causing and/or exac-
erbating flooding and carrying septic water constituents
with them. Flooded drain fields and flooded septic tanks

NGWA.org
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Table 5
Comparison of Simulated Septic Effluent
Distributions by Basins with Septic Load
Distributions for TN and TP Reported by
Chin (2020)

Percentage of
Simulated Septic

Percentage of
TN/TP Loading

Basin Endpoint Flow (Chin 2020)
C-6 23 10
C-7 49 43
C-8 18 25
C-9 10 22

potentially pose major health issues and need to be
addressed with high priority.

Key outcomes of this study are (1) a particle tracking
model of septic return flow discharge endpoints based
on the UMD model from Hughes and White (2016), (2)
an estimate of septic return flow discharge “hot-spots”
in the County (Figure 4), and (3) comparison of model
results with previous studies in northern MDC (Table 5),
which has the highest septic return flow discharges and
contributes to contamination of Biscayne Bay.

The 30-year (2010 to 2040) particle tracking simu-
lation conducted in this study estimated the movement
and discharge locations of septic return flows under the
assumption that the septic discharge flow was steady
throughout the simulated period. Most flows terminated on
canals, well fields, and the Bay itself. Flows terminating
in canals will ultimately be transported to and discharged
to Biscayne Bay. Simulated pathline particles were also
captured by municipal production wells. For flows esti-
mated to terminate in well fields (19% of total septic return
flows), only a small fraction of produced water is expected
to be septic return flow and frequent County monitoring
shows no evidence of impact either in wellfield monitoring
wells or production wells. The highest estimated fraction
of total flow from a production well field estimated to orig-
inate from septic return flows is 2.6%. Other, more local
capture processes may be responsible for further reducing
such loading to production wells as discussed above.
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