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1. INTRODUCTION

This document describes the calibration of the Lower East Coast Subregional Model — North Palm
(LECSR-NP) version. This numerical model is based on the United States Geological Survey (USGS)
MODFLOW (Harbaugh et al., 2000) computer code, designed to simulate groundwater flow and limited
surface water features. The model was used to support analysis and development of the Loxahatchee River
Watershed Restoration Project (LRWRP) Project Implementation Report, one of the components of the
Comprehensive Everglades Restoration Plan (CERP), which is jointly implemented by the United States
Army Corps of Engineers (USACE) and the South Florida Water Management District (SFWMD).

The study area focuses on the northern portion of the SFWMD’s Lower East Coast Water Supply Planning
Area and the southern portion of the Upper East Coast Water Supply Planning Area. The study area covers
approximately 700 square miles of freshwater lakes, wetlands, estuaries, uplands, agricultural operations,
extensive urban areas, and coastal ecosystems within a highly managed system of canals, structures, and
levees that control water levels in the surficial aquifer system (SAS). These canal systems control water
levels to minimize flooding during extreme rain events and to maintain aquifer levels along the coast in
order to prevent saltwater intrusion, recharge coastal wellfields, and provide surface water during droughts.
Additional population growth and agricultural development in the area continues to increase water
demands, which must be balanced with the needs of the environment.

The Loxahatchee River is a federally designated Wild and Scenic River in northeastern Palm Beach and
southeastern Martin County, Florida. Several tributaries contribute water to the river, including the North
Fork, Wilson Creek, and Kitching Creek, which flow out of Jonathan Dickinson State Park. Hobe Grove
Ditch and the Cypress Creek Canal provide water to the northwestern portion of the river from urban and
agricultural operations in Martin County and the Pal Mar wetland area. However, the primary source of
water to the river flows over Lainhart Dam.

The contributing basins that provide water to Lainhart Dam include an extensive area of urban and wetland
systems. Historically, agricultural operations in the area also provided water to the river, but most of these
land-use types have or are in the process of being converted to wetland restoration areas or urban
development. The contributing basins to Lainhart Dam include the urban areas of Jupiter Farms, Calusa,
PGA National and surrounding golf course communities, Loxahatchee Slough, and the northern portion of
Grassy Waters Preserve (GWP). To the west, a combination of wetland restoration projects, the Pratt and
Whitney facility, the Mecca property, the Avenir proposed development and other private properties, and
the eastern portion of the Corbett Wildlife Management Area contribute to Lainhart Dam. The Town of
Jupiter and Seacoast Utilities SAS wellfields are east of Loxahatchee Slough.

Flows to the Loxahatchee River have diminished over time, resulting in a shift in vegetation from freshwater
to brackish/marine vegetation at the lower reaches of the river (Florida Department of Environmental
Protection and SFWMD, 2010). As a result, the SFWMD adopted a Minimum Flow and Minimum Water
Level (MFL) for the river to stabilize conditions (SFWMD, 2002). The USACE and SFWMD subsequently
developed a comprehensive restoration plan for South Florida that included potential restoration projects
for the Loxahatchee River (USACE and SFWMD, 1999). This project was designed to develop a
groundwater modeling tool with limited surface water capabilities that can simulate projects that intend to
improve flows to the river and restore wetland systems in the watershed while retaining the capability to
evaluate potential impacts the proposed projects may have on existing legal users in the area.
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1.1 Scope

The scope of this document covers the development of the LECSR-NP, following a standard protocol for
model development as outlined by Anderson and Woesshar (1992). The report is separated into five
sections, including the introduction, scope, and history presently being discussed. Section 2 will discuss
the development of the conceptual model, including data collection, hydrology, hydrogeology, water use,
and other physical factors affecting model construction. Simulation of the flow system, including code
selection and model design, are discussed in Section 3. The ability of the tool to simulate observed field
conditions are discussed in the calibration, verification, and sensitivity portions of Section 4. Section 5
concludes the report with a discussion on model capabilities, limitations, and general recommendations.

1.2 LECSR-NP History

Original development of the LECSR-NP was undertaken by Montoya et al. (2010) to support ongoing water
supply management and ecosystem restoration efforts in northern Palm Beach County within the
Loxahatchee River watershed. That version of the model originated from the Lower East Coast Subregional
Model (LECSR) (Giddings et al., 2006).

Since the 2010 modeling effort, regional land use/land cover and topography data have been updated.
Additionally, monitor wells and geotechnical borings recently were completed within the L-8 and
C-18 basins. The SFWMD also conducted a water availability assessment for the proposed Mecca
Impoundment, which indicated the movement of water within the C-18 Basin was different than what was
conceptualized previously (Montoya and Kuebler, 2016). Lastly, several monitoring wells and wetland
gauges with historical data have been identified and data provided to the modeling team for model
calibration purposes.

This revised version of the LECSR-NP was modified specifically for the LRWRP to develop and evaluate
the plan, incorporate additional and updated information as indicated above, and address comments
received from the USACE and the Interagency Modeling Center regarding model conceptualization and
development.

2. MODEL CONCEPTUALIZATION
2.1 Study Area

The original LECSR active model domain included the entire southeastern coast of Florida from the City
of Stuart in Martin County south to Florida Bay in Miami-Dade and Monroe counties. For this project, the
area was refined to address specific questions with existing and proposed features in northern Palm Beach
and southern Martin counties (Figure 1). The eastern boundary coincides with the Atlantic Ocean and
follows the brackish intracoastal waterway, which serves as a stable physical boundary. The St. Lucie
(C-44) Canal from the St. Lucie Estuary west to Lake Okeechobee is the northern boundary. The
C-44 Canal is a primary canal managed by the USACE within the regional surface water management
system. Lake Okeechobee, in the northwestern corner of the study area, is a managed lake and the primary
surface water supplier for southeastern Florida. The southern model boundary is the physical boundary of
the L-10, L-12, and C-51 canals in central Palm Beach County. The LECSR-NP simulates overland flow
through wetland systems, the general operations of the canal network, and the SAS flow regime.
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Three physiographic regions are present in the study area: the Atlantic Coastal Ridge, the Eastern or Sandy
Flatlands, and the Everglades-Lake Okeechobee Basin. The Atlantic Coastal Ridge extends along the
eastern portion of the study area parallel to the coastline. It is generally 3 to 4 miles wide and has the largest
topographic relief, with elevations ranging from sea level to more than 80 feet in Jonathan Dickinson State
Park. The ridge is composed of fine- to medium-grained sands with occasional underlying limestone
resulting in relatively good underground drainage. The only large natural cut across the ridge occurs where
the Loxahatchee River empties into the Indian River Lagoon and Atlantic Ocean at Jupiter inlet.

The Eastern Flatlands is the largest physiographic region within the study area and stretches from
approximately Interstate 95 on the east to near Lake Okeechobee on the west. Elevations generally are flat,
ranging from approximately 15 to 25 feet National Geodetic Vertical Datum of 1929 (NGVD29). In
developed areas, drainage is controlled by numerous primary and secondary canal systems that ultimately
discharge into the ocean. The Everglades-Lake Okeechobee Basin is the smallest of the physiographic
regions and includes lands west of the L-8 Canal, including the Everglades Agricultural Area. The area is
almost exclusively agriculture and is underlain by organic peat and muck soils.

In South Florida, very small changes in topography can substantially affect the hydrologic response.
Topographic data are from the SFWMD’s South Florida Merged Topography coverage. The coverage is a
5-foot cell size, high-resolution digital elevation model composed of more than 40 separate sources of data,
including Light Detection and Ranging (LiDAR) data sets, photogrammetry, Everglades global positioning
system (GPS), contours, and spot elevations. The coverage was created in April 2016 and uses the best
available data for the model domain. Topographic data are standardized to NGVD29, and zonal statistics
were used to create mean elevation coverage for each 704 x 704-foot model cell. Elevation data for the
LECSR-NP active model area are displayed in Figure 2.
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Figure 2.  Elevation within the LECSR-NP active model domain.
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2.2 Climate

Martin and Palm Beach counties are in southeastern Florida, which is considered a tropical climate.
Proximity to the Gulf Stream current tends to moderate air temperatures in the study area. In West Palm
Beach, the average temperature is 75.4°F, with highs near 90°F in July and August and lows near 50°F in
January and February. Annual average rainfall is 61.38 inches per year (based on data from 1939 through
2017 at the Palm Beach International Airport), and the reference evapotranspiration (ET) for the region
averages approximately 59 inches per year (a net surplus of fresh water). Approximately 75 percent of
rainfall occurs during the wet season, which extends from mid-May through mid-October.

The South Florida climate is highly variable, predominantly due to naturally occurring phenomena such as
the Atlantic Multidecadal Oscillation (AMO) and El Nifio Southern Oscillation (ENSQO). These oscillations
relate to temperatures on the surface of the Atlantic and Pacific Oceans, respectively. Deviations from the
mean surface temperature indicate whether the oscillation is in the positive or negative phase, with the
changes in phase resulting in climate variability in South Florida.

The AMO focuses on sea surface temperature within the North Atlantic Basin. The AMO notably influences
the climate in South Florida during the wet season, especially from August through September (SFWMD,
2011). Figure 3 shows the Kaplan SST V2 AMO Index data provided by the National Oceanic and
Atmospheric Administration (NOAA) for 1948 through 2013. Data from 2013 through 2014 currently is
unavailable. Based on the data, the AMO was in a warm phase from 1948 through 1969, a cold phase from
1970 through 1994, and another warm phase from 1995 through 2013. The warm phase of the AMO
represents wetter conditions during the wet season, while the cold phase of the AMO represents drier
conditions during the wet season. The period of record for the LECSR-NP calibration is from 2006 to 2014,
which coincides with a warm phase of the AMO, indicating the calibration period would have wetter
conditions during the wet seasons. This is important to consider given the LECSR-NP will be used to
support selection of a recommended plan for the LRWRP, which has a simulation period of record (1965
through 2005) longer than the calibration period. The LRWRP simulation period of record would have high

climate variability, and the LECSR-NP calibration period does not coincide with the AMO cold phase (1970
through 1994).
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Figure 3.  AMO Index from 1948 through 2013 (Data from:
https://www.esrl.noaa.gov/psd/data/timeseries/ AMOY/).
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ENSO is a naturally occurring climate variability pattern where the easterly trade winds near the coast of
South America push warm water away from the coastline, allowing cooler water to upwell, which causes
the sea surface temperature to be cooler than average. If the easterly trade winds are stronger than normal,
the sea surface temperature is cooler than normal; this phenomenon is known as La Nifa. If the easterly
trade winds are weaker than normal, the sea surface temperature is warmer; this is known as EIl Nifio. The
transition period between El Nifio and La Nifia typically is 3 to 7 years. Unlike the AMO, which impacts
the wet season in South Florida, ENSO impacts the dry season months, especially during winter. When
ENSOQ isin an El Nifio phase, the dry season typically is wetter than normal, and when ENSO is in a La Nifia
phase, the dry season typically is drier than normal (SFWMD, 2011).

2.2.1 Rainfall

Rainfall represents the largest input of water into the hydrologic system and can vary substantially between
years. Between 1939 and 2017, the minimum annual rainfall at the Palm Beach International Airport was
37 inches in 1955 and the maximum rainfall was 109 inches in 1947. In recent years, more than 90 inches
of rain was recorded in 1994 and less than 43 inches occurred in 2000. In the summer, rainfall can vary
drastically across the region based on the distribution of afternoon thunderstorms, generally along the sea
breeze front. Rainfall is provided by thunderstorms and tropical systems in the summer and early fall and
from passing cold fronts in other months.

Rainfall data from 2006 to 2014 were derived from Next Generations Radar (NEXRAD) (Brown, 2014).
NEXRAD data provide complete spatial coverage of rainfall amounts using a predetermined grid resolution
(2 km by 2 km). Four NEXRAD sites operated by the National Weather Service cover the LECSR-NP
active model area: KBYX in Key West, KAMX in Miami, KMLB in Melbourne, and KBTW in Tampa.
Figures 4 and 5 show the spatial distribution of rainfall derived from NEXRAD data for the LECSR-NP
active model area in 2011 (a dry year) and 2013 (a wet year), respectively.

Average annual rainfall data from 2006 to 2014 for the LECSR-NP active model area are shown in
Figure 6. The driest year recorded was 2006, with 40 inches of rainfall, and 2011 was the second driest
year. The wettest year recorded was 2008, with 57 inches of rainfall, and 2012 through 2014 also were
consistently wet years. Average annual rainfall during this period was approximately 52 inches.

Rainfall distribution can vary substantially across the region on a daily or weekly basis. This is especially
true during summer when warmer temperatures create scattered afternoon thunderstorms, referred to as
convective rainfall. Figure 7 shows the monthly variation of rainfall from 2006 to 2014 for the LECSR-NP
active model area. Approximately 70 percent of the rain received falls during the wet season (May through
October).
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Figure 4.  Spatial distribution of NEXRAD-generated rainfall across the LECSR-NP active model area
in 2011 (a representative dry year).
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Figure 5.  Spatial distribution of NEXRAD-generated rainfall across the LECSR-NP active model area
in 2013 (a representative wet year).
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Figure 6.  Average annual rainfall in the LECSR-NP active model area (2006 to 2014).
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Figure 7. Average monthly rainfall in the LECSR-NP active model area (2006 to 2014).
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Variations in rainfall over time can lead to drought or flooding, which can have serious impacts to the
region’s water resources. Periods of high water conditions may require the SFWMD to discharge large
quantities of water to the coastal estuaries, which may cause localized environmental problems. Conversely,
periods of prolonged rainfall deficit may result in water shortage restrictions and saltwater intrusion into
coastal aquifers. In order to standardize rainfall patterns, the Standardized Precipitation Index (SPI) was
developed to assess the severity of drought conditions (McKee, 1993). The SPI is a normalized index based
upon the number of standard deviations the observed cumulative precipitation deviates from the
climatological average. Although originally designed to measure the degree of a drought, it also can be used
to evaluate average and wet conditions and is useful in understanding and quantifying climatic conditions
for long-term, transient groundwater model simulations.

NOAA Climate Division SPI 12-month values were downloaded for Florida Climate Divisions 5 and 6
(Figure 8). SPI data were available from 1965 to 2014, allowing for comparisons to be made between
rainfall patterns within the LECSR-NP calibration period (2006 to 2014), the model validation period (2000
to 2005), and the LRWRP simulation period (1965 to 2005). Thus, the model was introduced to similar
extremes and patterns in rainfall during the calibration period. Standardized Precipitation Index 12-month
values for Divisions 5 and 6 were averaged. Plots were produced for the calibration period and simulation
period for Division 5, Division 6, and the average SPI.
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Figure 8. Map of NOAA climate divisions in Florida (Map from:
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional monitoring/CLIM DI

VS/florida.qgif).
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Figure 9 shows the climate variability based on the SPI 12-month calculation for the calibration and
verification period (2006 to 2014). Although there was some variability between the two divisions in 2008
and 2013, overall, they have very similar SPI 12-month values. Based on the average SPI value, dry years
occurred in 2007, 2009, and 2011. The minimum SPI 12-month value was -1.7, which occurred in 2011.
Based on the average SPI value, wet years occurred in 2010, 2012, and 2013. The maximum SPI 12-month
value was 1.1, which occurred in 2012. The average SPI 12-month value over the entire calibration period
was -0.2, which indicates the calibration period is slightly drier than average conditions.
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Figure 9.  12-month SPI patterns for District 5, District 6, and the average for 2006 to 2014.

Figure 10 shows the climate variability based on the SPI 12-month calculation for the simulation period
(1965 to 2005). Although there was some variability between the two divisions in 1975, 1989, and 2001,
overall, they have very similar SPI 12-month values. Based on the average SPI value, dry years occurred
in 1971, 1975, 1981, 1989, 1990, and 2001. The minimum SPI 12-month value was -2.33, which occurred
in 1971. Based on the average SPI value, wet years occurred in 1966, 1968, 1970, 1983, 1994, 1995, 1996,
and 1999. The maximum SPI 12-month value was 2.535, which occurred in 1995. The average SPI

12-month value over the entire simulation period was 0.06, which indicates the simulation period represents
average conditions.

Comparing the calibration period to the simulation period, the calibration period generally is drier than the
simulation period. Although both periods have wet and dry years, the extreme events typically occurred

during the simulation period. Therefore, for model verification, a period will be selected that includes
extreme dry, extreme wet, and average conditions.
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Figure 10. 12-month SPI patterns for District 5, District 6, and the average for 1965 to 2005.

2.2.2 Evapotranspiration

Evapotranspiration (ET) is the physical process by which water is lost to the atmosphere by evaporation
from water bodies and by transpiration from plants. ET plays a major role in the hydrologic cycle in South
Florida because the water table is near land surface throughout the year. Reference ET is defined as the rate
of ET from a hypothetical crop—which in South Florida is grass—that has an assumed height, a fixed
canopy resistance, and an albedo that resembles ET from an extensive surface of green grass cover of
uniform height, actively growing, completely shading the ground, and not short of water (Food and
Agriculture Organization of the United Nations, 1990). The reference crop should be taken as a hypothetical
crop with fixed parameters and resistance coefficients. These crop coefficients are complex empirical
factors derived from experimental data and encompass all characteristics of the crop that differ from those
of the reference crop. These coefficients quantify how soil and crop conditions affect actual ET.

Reference ET data from 2006 to 2014 were derived from North American Land Data Assimilations Systems
(NLDAS) data, which provide complete spatial coverage of reference ET amounts using a predetermined
grid resolution (2 km by 2 km; Brown, 2013). Figures 11 and 12 show the spatial distribution of reference

ET derived from NLDAS data for the LECSR-NP active model area in 2011 (a dry year) and 2013 (a wet
year), respectively.

ET can represent the greatest water loss from the system. In general, reference ET is approximately
59 inches per year between 2006 and 2014 for the reference crop (Figure 13). The highest ET rate was
approximately 62 inches in 2009, while the lowest ET rate was less than 57 inches in 2014.

In general, the monthly distribution of reference ET follows the solar radiation curve (Figure 14). Over the

period of record, May, June, and July have the highest maximum ET rates. Reference ET is lowest during
December.
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Figure 11. Spatial distribution of NLDAS-generated reference ET across the LECSR-NP active model
area in 2011 (a representative dry year).
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Figure 12. Spatial distribution of NLDAS-generated reference ET across the LECSR-NP active model
area in 2013 (a representative wet year).
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Figure 14. Average monthly reference evapotranspiration for the LECSR-NP active model area (2006 to
2014).
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2.3 Land Use and Soil

Land use for the LECSR-NP is a combination of the best available land use/land cover data from the Upper
East Coast 2012 update and the SFWMD’s 2014 land use update. The 2012 update covers the portion of
the active model domain in Martin County and northern Palm Beach County, and the 2014 land use update
covered the southern portion of the active model domain. Land use classification includes several levels
that detail the type of use. Figure 15 shows a partially aggregated level 3 classification (data obtained from
medium-altitude photography flown between 10,000 and 40,000 ft) for the LECSR-NP active model area.
The largest land use classification is urban areas, covering 26 percent of the active model area. Most urban
areas are along the coast and in the southern L-8 and C-51 basins. The second largest land use classification
is wetlands, covering 23 percent of the LECSR-NP active model area (Table 1). Wetland areas include
expansive systems such as those in Jonathan Dickinson State Park, Pal Mar, Corbett Wildlife Management
Area, and Loxahatchee Slough. Agricultural land uses cover approximately 21 percent of the active model
area.

Table 1.  Percent of total area by land use types in the LECSR-NP active model area.

Land Use Type Acres Percent
Wetlands 126,727 23%
Water 24,924 5%
Urban and Built-up 138,660 26%
Transportation and Communications 13,921 3%
Barren Land 5,129 1%
Sugar Cane 71,566 13%
Agriculture Crops 11,455 2%
Other Agriculture 33,438 6%
Improved Pasture 19,503 4%
Unimproved Pasture 3,867 1%
Upland Non-Forested 17,122 3%
Upland Forest 75,236 14%

The LECSR-NP active model area encompasses nearly 700 square miles (approximately 441,000 acres).
Historically, much of this landscape was covered with wetland marshes, swamps, and flood-tolerant upland
species such as pines and palmettos. Due to the flat, low-lying topography and relatively limited access to
the ocean for surface water discharge, much of the region is poorly drained and prone to flooding.

Soil characteristics reflect the complex interaction among topography, climate, vegetation, hydrology, and
parent material. Soil classification data from the Soil Survey Geographic Database (SSURGO) for the
LECSR-NP active model area are presented in Figure 16. In the LECSR-NP active model area, the
predominant soil types are sand depression, flatwood soils, and flat soils. Sand depression is a poorly
drained hydric soil mostly consisting of sand marine sediments with occasional mucky or loamy sand.
Flatwood soils are poorly drained nonhydric upland soils, which also predominantly have sandy marine
sediments. Similar to sand depression, flat soils are poorly drained hydric soils with sandy marine sediments
(Zahina et al., 2001).

Various soil types have different runoff and recharge potentials and typically are classified into hydrologic
groups. There are four hydrologic groups for soils that can be combined to create dual hydrologic soil
groups. Dual hydrologic soil groups are assigned when the water table is within 60 centimeters of the
surface, but water may be able to travel through the soil. Dual hydrologic soil groups are A/D, B/D, and
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C/D. Group A soils have low runoff potential when thoroughly wet and water is being transmitted freely
through the soil. Group A soils typically consist of more than 90 percent sand with less than 10 percent
clay. Group B soils have moderately low runoff potential when wet. These soils typically consist of 50 to
90 percent sand with 10 to 20 percent clay. Group C soils have moderately high runoff potential when
thoroughly wet, with water transmission being somewhat impeded. These soils typically are 20 to
40 percent clay and less than 50 percent sand. Group D soils have high runoff potential when thoroughly
wet. Water movement through Group D soil is very restricted. Group D soils typically are more than
40 percent clay and less than 50 percent sand (United States Department of Agriculture, 2007). The
predominant grouping within the LECSR-NP active model area is hydrologic group A/D, indicating the
soils are predominantly sand with low runoff potential when saturated, where the water table exists within
60 centimeters from the surface.
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Figure 15. Land use/land cover in the LECSR-NP active model area.
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Figure 16. Hydrologic soil types in the LECSR-NP active model area.
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2.4 Surface Water System

Surface water systems within the active model area include Lake Okeechobee to the west and the Indian
River and Lake Worth lagoons to the east. Numerous wetland systems, canals, mining areas, smaller lakes,
and the Wild and Scenic Loxahatchee River with its tributaries exist within the study area. Lake
Okeechobee is the largest freshwater lake in Florida and is heavily managed to meet multiple objectives.
As it relates to the active model area, Lake Okeechobee provides surface water to meet the irrigation
demands of the Everglades Agricultural Area and the City of West Palm Beach’s public water supply
(PWS). Flood control releases from the lake can be made through the C-44 Canal along the northern
boundary of the active model area and water supply releases are made to coastal communities via the
C-51 Canal along the southern boundary of the study area. In addition to the C-44 and C-51 canals, two
additional primary canals exist within the active model area and are managed by the SFWMD or USACE.
The C-18 Canal is a major canal system in the center of the active model area and is controlled by the S-46,
C-18 weir, and G-160 structures for flood control and environmental purposes. The C-17 Canal is used to
control water levels for flood control in West Palm Beach, North Palm Beach, and Riviera Beach coastal
communities.

Local (secondary) canal systems in South Florida are maintained and operated by cities, counties, and water
control districts (also known as 298 Districts for the chapter of Florida Statutes that outlines their
responsibilities). These secondary canal systems receive runoff from the areas they manage and store excess
water or move it to the SFWMD primary canal system. There are several 298 Districts within the active
model area, including the Lake Worth Drainage District, Loxahatchee Groves Water Control District, Pal
Mar Water Control District, Northern Palm Beach County Improvement District, South Indian River Water
Control District, Hobe St. Lucie Conservancy District, and Indian Trail Improvement District. In addition
to routing runoff away from developments and into the primary canal network, several 298 Districts take
water from the primary canal network or other major SFWMD features to provide water for local irrigation,
agricultural, and urban needs. Tertiary canals are the smaller swales, ditches, and ponds designed to remove
stormwater or provide irrigation at the local level.

The City of West Palm Beach uses surface water from Clear Lake as its source of water for the PWS system.
Water is brought into Clear Lake through the M-Canal from GWP to the west. GWP and Clear Lake are
augmented from the SFWMD regional system via the M-Canal, which connects to the L-8 Canal near the
Everglades Agricultural Area. The City of West Palm Beach operates a pump station, CS-2, at the L-8 Canal
that sends regional system water approximately 8.5 miles east into GWP, then to the CS-3 pump station,
and ultimately to Clear Lake. The stretch of the M-Canal from CS-2 to CS-3 is maintained at a higher
elevation than the surrounding canal system operated by Indian Trail Improvement District. This head
difference (in addition to several constrictions in the M-Canal from a bridge crossing and canal width)
results in noticeable seepage loss across this section of the canal reach. Unpublished work conducted by
Lal (2015) and the SFWMD (2015) attempted to quantify these seepage losses. Both works clearly
identified major obstacles with the bridge crossing in the canals and noticeable head losses at these
obstructions. Pumpage by the City of West Palm Beach at CS-2 can exceed 150 cubic feet per second (cfs)
and potentially 200 cfs before the canal and bridge constraints cause issues. As a result of this relatively
large volume of pumped water, the SFWMD (2015) conducted a seepage test along the canal reach and
concluded that up to 7 percent of the water pumped may be lost to seepage. Lal (2015) expanded on the
study and concluded that a loss of approximately 6 percent can occur at higher pumping rates. However,
seepage loss can increase substantially when the CS-2 pump station discharges at reduced rates. Cutting
through the central portion of the study area is a large expanse of relatively undeveloped upland and wetland
systems stretching from near Lake Okeechobee to the west to the Jupiter Inlet to the east. These upland and
wetland systems include the DuPuis Management Area, Corbett Wildlife Management Area, Pal Mar Water
Control District, Loxahatchee Slough region, Loxahatchee River region, GWP, Nine Gems and Gulfstream
Grove area, and Jonathan Dickinson State Park.
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2.5 Hydrogeology

The active model area in South Florida is underlain by approximately 20,000 feet of continuous carbonates,
evaporites, and clastic sediments deposited relatively uninterrupted throughout the Cenozoic era (Smith and
Lord, 1997). The primary geologic formations under the study area include the Cedar Keys, Oldsmar, Avon
Park, Ocala Limestone, and Hawthorn Group. The Pliocene/Pleistocene deposits include the Tamiami, Fort
Thompson, and Anastasia formations, which form the basis of the SAS in northern Palm Beach and Martin
counties. The SAS is the only aquifer system considered in this study. A detailed discussion on the general
geology, hydrostratigraphy, and water-bearing units in the study area can be found in Giddings et al. (2006).

Since the development of the original LECSR, additional hydrogeologic investigations of the SAS have
been undertaken in the study area (Figure 17). Areas of recent detailed hydrogeologic investigations
include the L-8 Flow Equalization Basin (FEB) in the eastern part of the Everglades Agricultural Area
(Gannett Fleming, 2015), the Mecca property adjacent at the western end of the C-18 Canal (Arcadis, 2015),
and eastern Corbett Wildlife Management Area (Gannett Fleming, 2016). A general compilation of data in
Palm Beach County by Reese and Wacker (2009) and the mapping of the Ochopee Limestone member of
the Tamiami Formation in Palm Beach County (Reese and Wacker, 2007) was reviewed but provided
minimal insight for the refinement of the LECSR-NP. Collins et al. (2016) assessed surface water and
groundwater conditions in Loxahatchee Slough as a result of the construction and operation of the
G-160 control structure. Hydrologic, geophysical, and geotechnical information was collected at the White
Fences and Deer Run communities by Gannett Fleming (2015).

Collins et al. (2016) evaluated the effects of changing seasonal control elevations of the G-160 structure
located on the C-18 Canal. The G-160 structure was constructed in 2003 and began limited operations in
2004. Prior to construction, the southern leg of the C-18 Canal was controlled by the S-46 structure, which
discharged to the ocean when water levels in the canal approached 14.9 feet NGVD29. The purpose of the
G-160 structure was to increase water levels in the southern leg of the C-18 Canal to improve hydroperiods
in adjacent wetlands and provide a source of water for the Loxahatchee River while still maintaining flood
control capabilities for the surrounding urban developments and roads. Collins et al. (2016) constructed
14 monitor wells equipped with recorders in Loxahatchee Slough to provide critical long-term information
regarding water levels in the slough. In addition to the well installation, Collins et al. (2016) evaluated
general horizontal and vertical flow direction, and the results were somewhat inconclusive. Vertical flow
generally was downward in areas away from canals and upward near canals; horizontal flow was towards
the C-18 Canal or adjacent major wellfields.

The constructed monitor wells were completed between 20 and 70 feet below land surface (bls) with
split-spoon samples collected at 2-foot intervals. The lithology of the upper portion of the SAS in the study
area consists of unconsolidated sands and shells that range in thickness from 20 to 70 feet bls. Several wells
encountered limestones, marls, and coquina layers from 40 to 70 feet bls, suggesting the presence of the
Anastasia Formation, Caloosahatchee Marl, and/or Fort Thompson Formation. These layers could indicate
the presence of the northern extent of the Biscayne aquifer, although no aquifer testing was conducted for
this study to confirm a zone of high hydraulic conductivity (greater than 1,000 feet/day), which defines the
Biscayne aquifer.
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Figure 17. Locations of new aquifer performance test data used in the LECSR-NP.
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At the western end of the C-18 Canal is the Mecca property, purchased by Palm Beach
County and the SFWMD. Arcadis (2015) conducted a site-specific evaluation of the Mecca property
involving the drilling, installation, and testing of 24 wells. The lithology at the site is relatively uniform.
The maximum penetration of the geologic wells was 100 feet bls. In general, the entire thickness was a
medium-dense gray sand that became denser with depth on the western side of the property. Several minor
limestone/shell layers were encountered at approximately 45, 60, and 80 feet bls in central and eastern areas
of the property. The aquifer properties at the site were estimated using slug-tests, constant-head
permeability tests and two constant-rate aquifer performance tests. The results of the aquifer tests indicate
hydraulic conductivities (Kh) generally are typical for South Florida sands, ranging from 1.0to
25.0 feet/day. The results of the various tests are presented in Tables 2 to 6.
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Table 2.  Aquifer properties from slug tests for screen interval from 95 to 100 feet within the Mecca
property (From: Arcadis, 2015).
Well ID e ) C(ln_lneségnt Slug In#1 | Slug In#2 | Slug Out #1 | Slug Out#2 | Average
Hydraulic Conductivity (Kh) (feet/day)
MFEB1-GW1 95-100 46.10 19.00 25.00 24.00 24.00 27.62
MFEB2-GW1 95-100 1.20 1.50 1.60 1.43
MFEB3-GW1 95-100 24.30 19.00 21.00 5.90 9.70 15.98
MFEB4-GW1 95-100 9.70 11.00 9.10 8.80 7.30 9.18
MFEB5-GW1 95-100 4.70 5.50 3.60 1.90 2.00 3.54
MFEBG6-GW1 95-100 29.30 63.00 21.00 24.00 28.00 33.06
MFEB7-GW1 95-100 86.90 19.00 17.00 17.00 21.00 32.18
MFEB8-GW1 95-100 7.00 10.00 8.30 2.50 1.90 5.94
Table 3.  Aquifer properties from slug tests for screen interval from 40 to 45 feet within the Mecca
property (From: Arcadis, 2015).
VT . C&“j;g“t Slugin#1 | Slugin#2 |SlugOut#1 |SlugOut#2| Average
Hydraulic Conductivity (Kh) (feet/day)
MFEB1-GW2 40-45 22.20 11.00 11.00 8.10 8.70 12.20
MFEB2-GW2 40-45 33.50 27.00 28.00 27.00 29.00 28.90
MFEB3-GW2 40-45 2.10 1.80 1.60 1.90 1.70 1.82
MFEB4-GW2 40-45 18.70 97.00 120.00 43.00 40.00 63.74
MFEB5-GW2 40-45 2.20 1.50 1.50 2.00 1.60 1.76
MFEBG6-GW2 40-45 12.70 8.20 9.70 7.30 7.80 9.14
MFEB7-GW2 40-45 87.20 61.00 26.00 35.00 23.00 46.44
MFEB8-GW?2 40-45 6.60 6.60 5.80 6.20 6.10 6.26
Table 4. Aquifer properties from slug tests for screen interval from 10 to 15 feet within the Mecca
property (From: Arcadis, 2015).
Well ID o (et C%n:;gnt Slugin#1 | Slugin#2 | Slug Out#1 | Slug Out#2 | Average
Hydraulic Conductivity (Kh) (feet/day)
MFEB1-GW3 10-15 2.60 30.00 39.00 19.00 19.00 21.92
MFEB2-GW3 10-15 0.60 0.90 1.20 0.90
MFEB3-GW3 10-15 13.30 5.60 5.60 5.50 5.60 7.12
MFEB4-GW3 10-15 3.00 1.80 1.70 1.70 2.00 2.04
MFEB5-GW3 10-15 1.30 24.00 16.00 22.00 30.00 18.66
MFEB6-GW3 10-15 49.10 140.00 93.00 93.00 180.00 111.02
MFEB7-GW3 10-15 7.30 3.20 3.00 4.50
MFEB8-GW3 10-15 6.40 4.40 4.00 4.30 4.10 4.64
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Table 5.  Aquifer properties from slug tests within the Mecca property (From: Arcadis, 2015).

Well ID Sz ) C%n:;gnt Slugin#1 | Slugin#2 | Slug Out#1 |Slug Out#2| Average
Hydraulic Conductivity (Kh) (feet/day)
MFET01-PZ1 20-25 19.90 12.00 14.00 12.00 12.00 13.98
MFET02-PZ1 10-30 12.90 11.00 7.30 10.00 7.90 9.82
MFET03-PZ1 25-30 13.90 9.30 9.50 8.00 8.60 9.86
MFET04-PZ1 55-60 4.60 3.60 3.70 3.50 3.60 3.80
MFET05-PZ1 40-60 4.70 3.20 3.20 3.40 3.20 3.54
MFET07-PZ1 65-70 3.50 2.50 2.70 1.30 1.50 2.30
MFET07-PZ2 20-25 4.80 2.70 2.70 2.60 2.80 3.12
MFET08-PZ1 20-25 3.50 2.40 2.40 2.40 2.30 2.60
MFET09-PZ1 20-25 10.00 4.30 4.10 4.00 3.80 5.24
MFET10-PZ1 45-50 7.20 9.40 9.30 7.00 7.30 8.04
MFET11-PZ1 25-30 4.40 3.30 2.70 3.20 3.20 3.36

Table 6.  Aquifer properties from aquifer performance tests within the Mecca property
(From: Arcadis, 2015).

Cooper- Theis
Observation Distance Jacgb* Recovery Al B RS
Well feet Kh T
(e Kh (feet/day) Storage (feet/day) | (feet?/day)
MFET01-PZ1 250 28.00 45.00 29.00 6.30E-04 34.00 3,400.00
MFET03-PZ1 65 14.00 27.00 17.00 9.00E-04 19.33 1,933.33
MFEB3-GW?2 116 14.00 24.00 16.00 5.50E-04 18.00 1,800.00
MFEB3-GW3 114 12.00 28.00 10.00 3.30E-04 16.67 1,666.67
MFET04-PZ1 150 14.00 23.00 17.00 3.00E-04 18.00 1,800.00

Kh = hydraulic conductivity; T = transmissivity.
* Cooper and Jacob (1946).

West of the Mecca property is the Corbett Wildlife Management Area, a large natural area in northern Palm
Beach County. Gannett Fleming (2016) conducted a site-specific evaluation of the aquifer at a single
location in the eastern portion of the wildlife management area. The work included construction of a tri-zone
monitor well with standard penetration test borings, geophysical logs, and aquifer testing. The results of the
boring indicted the upper 32 feet were composed of a loose to moderately dense-grain, dark gray sand with
some shell fragments. From 33 to 60 feet bls, this fine, dark gray sand became dense to very dense, and
from 60 to 100 feet bls, it transitioned into a medium-dense to dense, silty gray, fine sand. Both slug tests
and short-term single-well aquifer tests were conducted at three intervals in the SAS. The results suggest
extremely low hydraulic conductivity values for the SAS compared to other sites in the region. The test
intervals were 10 to 15 feet bls, 34 to 39 feet bls, and 95 to 100 feet bls. The results are presented in Table 7.
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Table 7.  Aquifer parameters at Corbett Wildlife Management Area (From: Gannett Fleming, 2016).

. Single Well Pump Test — Duration 1 Hour Slug Test
. Depth E'Ztlmited Hantush Newman-
Observation (feet quiter - o | Method - Witherspoon Average Average Kh
Well Thickness Kh Transmissivity
bls) (feet) (gpm) Kh Method - Kh (feet/day) |  (feet?/day) (feet/day)
(feet/day) | (feet/day)
MFEB9-GW1 | 10-15 40.0 6.5 0.75 0.68 0.72 28.60 42.68
MFEB9-GW2 | 34-39 39.3 5.9 0.40 0.41 0.41 15.92 10.17
MFEB9-GW3 | 95-100 39.3 2.3 0.60 0.45 0.53 20.63 6.89

bls = below land surface; gpm = gallons per minute; Kh = hydraulic conductivity.

The White Fences and Deer Run communities are east of the L-8 FEB in western Palm Beach County.
Gannett Fleming (2015) conducted a site-specific evaluation of the aquifer at these communities. Of
specific interest to this study are the findings from the installation and testing of three monitor well clusters.
Continuous lithologic data were collected to a depth of 100 feet bls, and three aquifer tests were conducted
at each site to determine the aquifer parameters at various depths. The boring results indicted a layer of
sand rests on a 10-foot thick limestone layer approximately 10 feet bls. Below the limestone layer is 75 feet
of medium to very dense gray fine sand, with some shell fragments. In two of the borings (95 to 100 ft bls),
a tan sand was encountered, suggesting the top of the Tamiami Formation may have been penetrated.
Short-term single-well aquifer tests were conducted at three intervals in the SAS for each site: 20 feet bls,
50 feet bls, and 90 feet bls. The results are presented in Table 8.

Table 8.  Aquifer properties at the White Fences and Deer Run communities (Modified from: Gannett
Fleming, 2015).

Well ID Screened Hantush | Theis Hantush | Theis Average Average
Interval (feet) Kh (feet/day) T (feet?/day) Kh (feet/day) | T (feet?/day)
L8DR1U 22-32 6.21 16.06 1,024.80 2,810.10 11.13 1,917.45
L8DR1M 38-54 3.26 13.78 537.60 2,412.30 8.52 1,474.95
L8DR1L 70-80 0.11 0.62 18.00 107.80 0.36 62.90
L8DR2U 8-18 8.80 16.46| 1,452.00( 2,880.00 12.63 2,166.00
L8DR2M 46-56 4.19 25.80 691.20 4,514.40 14.99 2,602.80
L8DR2L 90-100 5.64 19.68 931.20| 3,443.50 12.66 2,187.35
L8WF1U 18-28 3.53 8.97 582.40 1,568.90 6.25 1,075.65
L8WF1M 56-66 12.41 43.60 2,047.20 7,629.60 28.00 4,838.40
L8WF1L 80-90 8.81 60.01| 1,454.00| 10,500.90 34.41 5,977.45

The L-8 FEB originally was a mining operation and now is owned and operated by the SFWMD to provide
supplemental water to Stormwater Treatment Area 1 and to support the State of Florida’s Restoration
Strategies plan. The site is somewhat unique for a southeastern Florida mining operation in that the mine
was able to operate in relatively dry conditions within minimal dewatering pumping capacity even though
the operation was drawn down tens of feet below the existing water table. The general lithology at the site
is peat/fill/sand at the surface underlain by approximately 30 feet of limestone and sands. A medium to fine
sand with intermittent limestone extends an additional 70 feet. Underlying this is a fine sand that extends
to the base of the SAS. Gannett Fleming (2015) conducted several aquifer tests on the monitor wells
installed surrounding the L-8 FEB. The results are provided in Table 9.
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Mining operations exist near the L-8 FEB. Dunkelberger Engineering and Testing, Inc. (2009) investigated
a potential mining site northwest of the L-8 FEB at the proposed C-51 Reservoir Phases | and Il site. Nine
borings were drilled to 50 feet bls, with geologic samples collected at 5-foot intervals. Upon completion of
the boring, permeability tests were conducted at 10-foot intervals to determine aquifer parameters at each
site. The lithology consisted of a 4- to 24-foot layer of sand with varying amounts of silt, shell, muck, fill,
and limestone. Below this sand was an approximately 20-foot layer of silty, sandy limestone to a maximum
depth of 38 feet bls. The bottom portion of each boring was a brown to gray, clean to slightly silty sand
with some shell fragments. Results are provided in Table 10.

The above referenced reports do not encompass all investigations that have occurred in the study area over
recent years; however, the results provide a more thorough understanding of the aquifer properties in the
central and western portions of northern Palm Beach County. The results from these studies suggest a
slightly less productive aquifer than previously anticipated for the area.

Table 9.  Aquifer properties at the L-8 Flow Equalization Basin (Modified from: Gannett Fleming,

2015).
Screened | Hantush Theis Obs\?vr\éﬁtlon Average Obs\t,evr\éﬁtlon Average | Slug Test
Well ID Interval Specific T Knh
) Kl (frziiet) Yield | (feet¥/day) | (feet/day)
L8FEB1U 49-54 1.49 1.49 0.14 261 13.47
L8FEB1M 77-82 19.02 19.02 0.14 3,329
L8FEB1L | 136-146 0.54 0.56 0.55 96
L8FEB2U 52-57 18.79 18.79 0.10 3,120 34.00
L8FEB2M 82-87 38.91 38.91 0.16 6,460 30.19
L8FEB2L | 130-140 30.43 39.08 34.75 5,769
L8FEB3U 66-71 24.92 24.92 0.30 4,561
L8FEB3M 93-98 6.77 6.31 6.54 1,197
L8FEB3L | 128-138 24.95 24.95 0.19 4,566 30.78
L8FEB4U 37-42 19.68 17.30 18.49 3,088
L8FEB4M 62-67 23.78 23.78 0.04 3,971 10.40
L8FEB4L | 106-116 7.36 7.36 0.13 1,229 48.93
L8FEB5U 38-43 22.84 22.84 0.01 4,089 26.09
L8FEB5M 57-62 7.01 11.04 9.03 1,616
LBFEB5L | 106-116 38.64 38.64 0.14 6,916 31.32
L8FEB6U 10-15 32.42 32.42 0.05 6,063 11.02
L8FEB6L | 30-35 9.85 17.40 13.63 2,549
L8FEB7U 8-13 1.53 6.62 4.08 110
L8FEB7L 29-34 34.44 34.44 0.15 930 47.39
L8PZ5B 33-38 211.28 211.28 0.15 36,340
L8PZ5C 53-58 39.90 39.90 0.22 6,864
L8PZ5D 73-78 3.23 3.51 3.37 580

Note: Where information was not available, cells were left blank.
Kh = hydraulic conductivity; T = transmissivity.
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Table 10.  Aquifer properties within the L-8 FEB (From: Dunkelberger Engineering and Testing, Inc.,
2009).
5-10 foot | 15-20 foot | 25-30 foot | 35-40 foot | 45-50 foot Average
Observation Well | Pumping Rate (cfs) | Interval Interval Interval Interval Interval
Hydraulic Conductivity (Kh) (feet/day)
TMW-101 5.0-10.0 20.20 20.50 7.80 8.40 14.23
TMW-102 0.5-15.0 1.90 21.40 42.40 5.50 22.00 18.64
TMW-103 1.0-10.0 3.70 27.10 14.00 4.50 3.70 10.60
TMW-104 1.3-15.0 4.30 77.30 9.90 7.20 4.60 20.66
TMW-105 0.1-10.0 0.40 14.70 7.30 6.00 26.90 11.06
TMW-106 0.5-10.0 2.10 29.70 4.90 2.70 18.90 11.66
TMW-108 5.0-10.0 17.50 22.20 8.00 12.30 10.20 14.04
TMW-110 5.0-10.0 16.80 25.20 8.90 7.60 13.70 14.44
Average 6.67 29.73 14.49 6.70 13.55 14.42
cfs = cubic feet per second.
2.6 Water Use

Within the LECSR-NP active model area, groundwater and surface water withdrawals for PWS, industrial
use (including power plants), landscaping, and recreational water use (including golf courses) were
identified from the SFWMD permit database. Permits were screened to exclude those withdrawing from
sources other than the SAS (e.g., surface water, the Floridan aquifer system), except for the City of West
Palm Beach’s PWS permit, which lists surface water as the primary source of water. Permits were grouped
into several water use categories such as nursery irrigation, agriculture purposes, golf course irrigation, and
landscape purposes. A total of 121 permits were used: 17 PWS permits, 2 nursery permits, 54 landscape
permits, 7 industrial permits, 34 golf course permits, and 7 agriculture permits.

Water use totals and average annual water use per county for withdrawals from the SAS in the active model
area are shown in Table 11. During the calibration period (2006 to 2014), permitted PWS withdrawals
averaged approximately 98 million gallons per day (mgd), with 91 mgd withdrawn in Palm Beach County
and only a small portion of that water used in Martin County. The largest PWS users were the City of West
Palm Beach, Palm Beach County Water Utilities Department, and Seacoast Utility Authority. In Martin
County, golf courses are the second largest use type, closely followed by agricultural users. On average,
during the calibration period, landscape, industrial, and nursery water users within Martin County use less
than 1 mgd each. In Palm Beach County, the second largest user is landscape irrigation, followed by golf
courses and industrial permits. On average, agricultural users and nurseries used less than 0.5 mgd during
the calibration period.

Table 11.  Average groundwater withdrawals (in mgd) in the LECSR-NP active model area, including
surface water withdrawals for the City of West Palm Beach.

County Agriculture | Golf Courses | Industrial | Landscape | Nurseries PUbSIl'J(;):)/Y;ter Total

Martin 2.70 3.12 0.64 0.75 0.16 6.45 13.82

Palm Beach 0.30 6.58 1.33 8.37 0.09 91.20 107.87

Total 3.00 9.70 1.97 9.12 0.25 97.65 121.69

Note: Industrial and Public Water Supply values are actual reported values; all other types are estimated values based on the
Agricultural Field-Scale Irrigation Requirements Simulation (AFSIRS).
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Figure 18 shows the distribution of simulated SAS average water use across the LECSR-NP active model
area. Values are for the SAS and do not account for surface water or other aquifer withdrawals, except the
City of West Palm Beach. Approximately 80 percent of total water use is for PWS. Golf courses are the
second largest user; however, golf courses only account for 8 percent of the water withdrawn from the SAS.
Water use for landscape permits are only slightly less than golf courses. Agriculture, industrial, and nursery
permits make up the remaining water use categories modeled in the LECSR-NP.

Golf Courses, 7.97%

Agriculture, 2.47%
|

Industrial, 1.62%

Landscape, 7.49% —

Nurseries, 0.21%

Figure 18. Water use by type applied in the LECSR-NP.
3. SIMULATION OF THE FLOW SYSTEM

3.1 Computer Code Selection

MODFLOW (Harbaugh et al., 2000), a code created and updated by the USGS, was used for this modeling
effort. MODFLOW has been widely accepted in the groundwater modeling profession for many years, it is
in the public domain, and its modular structure allows for additional hydrologic functionality.

MODFLOW simulates groundwater flow in aquifer systems using the finite difference method. The aquifer
system is divided into rectangular or quasi-rectangular blocks (called cells) by a grid. The cells are
organized by rows, columns, and layers. MODFLOW allows the user to specify which cells are within the
groundwater flow system (i.e., are active) and which cells are outside of the groundwater flow system
(i.e., are inactive). For each active cell, the user must specify aquifer properties and information related to
wells, canals, and other hydrologic features.

The MODFLOW model code consists of a main program and a series of independent subroutines called
modules. The modules are grouped into packages that address a particular hydrologic process or solution
algorithm. For the LECSR-NP, the following MODFLOW version 2000 standard packages were used:
Basic (BAS6), Block-Centered Flow (BCF6), Drain (DRN), River (RIV), General Head Boundary (GHB),
Recharge (RCH), Evapotranspiration (EVT), and Strongly Implicit Procedure (SIP).
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Numerous MODFLOW packages have been developed specifically for the SFWMD to simulate additional
hydrologic functionality. Some packages were used for the LECSR-NP (Table 12) and are discussed in
greater detail in Giddings et al. (2006).

Table 12. MODFLOW add-on packages used in the LECSR-NP.

Package Author(s) Description
- . Creates input files during model execution by linking
Utility Generation Restrepo et al. (2003) static (time invariant) data with time series (variant)
(UGEN) data.
Wetland (WTL) Restrepo et al. (1998) Simulates overland flow in wetlands using the

uppermost model layer and barriers to flow.
Similar to the Drain package, but it allows water to be
Jones (1999) redirected to another location instead of being

Reinjection Drain

Flow (RDF) permanently removed from the model.

Simulates the effects of water control structures
Diversion (DIV) Restrepo et al. (1998) (e.g., pump stations, gravity flow drains, weirs) on

water levels.

Simulates wellfield withdrawal cutbacks as a function
Trigger (TRG) Randall (1992) of water level in trigger cells and in Lake

Okeechobee; simulates Lower East Coast water
shortage policy associated with saltwater intrusion.
Simulates withdrawals from wells by reading multiple

Multiple Wells (WEL) | Rodberg (1999)

input files.
Output Control
Summation Welter (1999) Sums cell-by-cell flows to reduce output size.
(GC)
Multibud (BUD) Ecology and Environment, Inc. Outputs an internal water budget for a set of specified
(2004a) cells at a given frequency to reduce output size.

3.2 Evapotranspiration and Recharge

Standard MODFLOW recharge (RCH) and evapotranspiration (EVT) packages were used to simulate
recharge and ET rates, respectively, in the model. These packages require estimated maximum recharge
and ET rates for each cell that could intersect with the water table. In South Florida, rainfall typically does
not directly equal the recharge that could reach the aquifer based on unsaturated zone uptake from storage
and ET as well as from surface water runoff. To account for losses, a pre-processor was developed to better
estimate these rates (Restrepo and Giddings, 1994). The ET and recharge estimates are calculated using the
Agricultural Field Scale Irrigation Requirement Simulations program (AFSIRS) developed at the
University of Florida (Smajstrla, 1990) coupled with the standard National Resources Conservation Service
curve number approach for determining event-based runoff (United States Department of Agriculture,
1986). An iterative calibration approach is implemented between the ET-Recharge parameters and the
MODFLOW model parameters. An updated version of this processor, which went through USACE Agency
Technical Review, was utilized for this study (Bandara, 2018).

The AFSIRS program is a daily root-zone water balance model that uses daily rainfall, potential ET (PET),
land use, soil type, crop coefficients, and irrigation rates, system type, and efficiency. The program
originally was developed to estimate irrigation demands and was adapted to simulate non-irrigated areas as
well. Figure 19 shows various irrigated root zone processes considered in the AFSIRS program. AFSIRS
calculates soil water content (STO), net irrigation requirement (NIR), net drainage (DR), and ET deficit
terms for the root zone. This drainage term, or the volume of water that passes through the unsaturated zone
to the water table, is the daily maximum input rate applied to the MODFLOW Recharge package. When
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applying the tool to a diverse land use environment, three distinct recharge and ET areas emerge; irrigated
areas, non-irrigated areas, and open water areas. In non-irrigated areas, vegetation uses the available water
in the unsaturated zone and supplements the additional demands from the water table, if the extinction depth
of the plant is greater than the depth to the water table. Thus, the potential groundwater ET becomes the
potential ET minus the unsaturated zone ET, as calculated from the AFSIRS program. The potential ET for
any crop type is equal to the reference ET multiplied by the crop coefficient, Kc (Potential ET = Reference
ET x Kc). The reference ET is the rate at which water would be removed from the soil and plant surface of
actively grown grass. The crop type is determined by the land use designation. The potential groundwater
ET is then passed to MODFLOW, which calculates the actual groundwater ET based on the distance from
the ET surface to the water table and on the extinction depth of the crop. In irrigated areas, the crop demand
is met first from rainfall and available soil moisture content and then supplemented from an irrigation
source. This results in the net saturated zone ET approaching zero. Conversely—for open water areas such
as lakes, rivers, and other areas where the water table surface is exposed—recharge will equal rainfall and
the ET will equal or be close to the potential ET rates.
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Figure 19. General schematic of the Agricultural Field Scale Irrigation Requirement Simulations
program (Modified from: Smajstrla, 1990).

The main input requirements for the ET-Recharge-Runoff program include daily rainfall and reference ET
data. Surface water basin delineations are required to calibrate the structure flows and follow the USGS
hydrologic unit code (HUC) subdivisions. The Florida Land Use Cover Classification Systems (FLUCCS)
codes were used to delineate the land use classifications of which the percent pervious and the crop type
are defined. Crop information includes the crops normally grown in South Florida, their crop coefficients,
whether the crop is irrigated or not, the growing season, the root zone depth, and the irrigation type and
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efficiency. The final input requirement is the hydrologic soil data based on the four main types and
combinations (A, B, C, D, A/D, B/D, and C/D), defined by the United States Department of Agriculture
(1986). Runoff curve numbers depend on the Florida Land Use Cover Classification Systems code and the

soil type.

An iterative approach between the ET-Recharge-Runoff program and MODFLOW was implemented
during the calibration process to address surface water structure flows as well as surface and groundwater
stages. The National Resources Conservation Service curve number method assumes runoff occurs
instantaneously, which is not the case in the LECSR-NP study area. To overcome this, the Muskingum
method (Cunge, 1969) was used to route the direct runoff produced from the ET-Recharge-Runoff program,
which applies the time lag and attenuates the peaks in the runoff hydrograph. The first iteration of the
process was to run the MODFLOW model with the initial ET and recharge estimates and compare the
observed stream flow hydrograph with the simulated flows and the simulated versus observed stages from
the monitoring network. Because the curve numbers were estimated for normal conditions, adjustments
were made to the curve numbers to account for the antecedent moisture content on a running 5-day
cumulative rainfall for wet and dry season conditions using the method outlined by Chow et al. (1988).
After review of the model results, a second iteration was conducted where the curve number, Muskingum
routing parameters, extinction depths, and river and/or drain conductance were adjusted to achieve a better
match between the observed and simulated flows and heads. The second process was repeated until
reasonable matches and statistics were achieved. Figure 20 shows the various input data used and output
data produced by the ET-Recharge-Runoff program and how the different model components fit together
in the iterative calibration process.

Rain+Irr
Basin, -
Grid data

Land use
data

Program

Soil data

Irrigation
data

MODFLOW

Figure 20. MODFLOW and Evapotranspiration-Recharge tool calibration flow chart.
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Outputs from the ET-Recharge-Runoff package are shown in Figures 21 to 27. For each output, graphics
were developed for 2011 and 2013 to represent conditions during a dry year (2011) and a wet year (2013).
Figures 21 and 22 show the spatial distribution of runoff for 2011 and 2013, respectively. The dark green
areas in these figures represent wetlands where recharge equals rainfall and there is zero runoff. Figures 23
and 24 show the spatial distribution of unsaturated zone ET rates for 2011 and 2013, respectively. Because
wetland areas are considered saturated, these areas have values near zero for the unsaturated zone ET rate.
Figures 25 and 26 show the spatial distribution of maximum potential ET from the saturated zone for 2011
and 2013, respectively. Figure 27 shows the spatial distribution of the extinction depths used in the
LECSR-NP active model area.
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Figure 21. Spatial distribution of runoff derived from the Evapotranspiration-Recharge program for
2011.
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Figure 22. Spatial distribution of runoff derived from the Evapotranspiration-Recharge program for
2013.
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Figure 23. Spatial distribution of unsaturated zone evapotranspiration derived from the
Evapotranspiration-Recharge program for 2011.

34



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

Area shown
on main map

Unsaturated Zone

South Florida Water Management District
3301 Gun Club Rd., West Palm Beach, Florida 33406
(561) B86-8800; www.sfwmd.gov
B EASE CREDITS:
[ Siete plane projection, Florida east zone, NAD 83-HARN, US feet.

Lower East Coast Subregional Model = North Palm
Unsaturated Zone ET Distribution in 2013

IMPORTANT DISCLAIMER

This map is a canceptual ar planning tool only.The South Florida Water
Management District does nat guarantee or make any representation
regarding the information contained herein. It is not selexecuting or

N ’
4 4 10 kties binding. and does not affect the interests of any persons or properties,
Ww. 5 L L 1 | including any present or future right or use of real property
I . T ) GEOSPATIAL
i 0 6 12 Kilometers Map Date: June 2018 SERVICES
User Name: ahoffart Remedy Ticket: 74193 Map Produced on Date: 7/18/2018 5:29:35 PM \lad.sfwmd.govidfsroot\GSIGSBizWSILEC\LECSR_NP\mxd\UZET2013.mxd

Figure 24. Spatial distribution of unsaturated zone evapotranspiration derived from the

Evapotranspiration-Recharge program for 2013.
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Figure 25. Spatial distribution of maximum potential groundwater evapotranspiration derived from the
Evapotranspiration-Recharge program for 2011.
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Figure 26. Spatial distribution of maximum potential groundwater evapotranspiration derived from the
Evapotranspiration-Recharge program for 2013.
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Figure 27. Spatial distribution of extinction depths across the LECSR-NP active model area.
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3.3. Model Design
3.3.1 Spatial and Temporal Discretization

The LECSR-NP uses the same model grid as the LECSR, except the area south of the study area is
inactivated. Therefore, model execution time and disk storage are reduced substantially. The grid cells are
704 feet by 704 feet (each cell covering approximately 11 acres) with 292 rows and 408 columns, resulting
in a full grid of 119,136 cells per layer. The grid limits of the LECSR-NP, from the lower left corner node
coordinates (Xmin, Ymin) are given as (680961.0, 839750.0) in U.S. State Plane, Florida East Zone, NAD83.
Selecting the cell size was a compromise between the regional (i.e., large nodal spacing) and local
(i.e., small nodal spacing) hydraulic gradients present in South Florida.

The LECSR-NP was developed for transient conditions. A temporal discretization of one day was chosen.
This discretization was applied as a daily time step in a daily stress period. Daily input data were available
to construct the hydrologic packages (e.g., ET, Recharge, River, Drain, GHB, Reinjection Drain Flow
[RDF], Diversion), except in the case of pumping stresses. Average monthly pumping rates (fluxes) were
used to generate daily withdrawals because pumping records are compiled monthly. This uniform grid and
daily stress period allowed for an adequate level of subregional accuracy with manageable run and
post-processing times.

3.3.2 Groundwater Flow System

3.3.2.1 Vertical Discretization

The LECSR-NP is divided into three vertical layers based on hydrostratigraphic subdivisions. The
uppermost layer (Layer 1) generally consists of the sands and lower permeable limestone and sandstone
units deposited during the end of the Pleistocene and Holocene. Layer 2 composes the early and middle
Pleistocene and Pliocene deposits for the Fort Thompson, Anastasia, and Caloosahatchee formations, which
generally are the more productive units of the SAS in the study area. Layer 3 is the Tamiami Formation,
consisting of the Pinecrest sands and Ochopee limestone. A complete discussion of the vertical
discretization of the model can be found in Giddings et al. (2006), which has been updated with the recent
boring information discussed in the Section 2.5. Figure 28 shows the general modeling layering, elevations,
and thickness ranges.

3.3.2.2 Aaquifer Properties

The hydraulic conductivities used in the LECSR-NP were obtained from multiple sources and use the
existing LECSR as a basis. Aquifer parameters were updated with recent information collected at the sites
identified in the Section 2.5. Noticeable changes mainly occurred near the L-8 Canal close to the mining
operations where the properties of the upper portion of the SAS are substantially lower than previously
estimated. A composite transmissivity of the SAS is presented in Figure 29.

3.3.2.3 Initial Conditions

To develop the initial conditions for the LECSR-NP, an initial set of model input parameters and hydrologic
inputs were used to create a pseudo-steady-state run. The output from the pseudo-steady-state run was
compared to observed historical data. If the results from the run were vastly different from observed
historical heads, modifications were made to the initial conditions and the run was repeated. This process
was repeated until the first 30 stress periods were stable.
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Figure 28. Model layering scheme and typical materials, average elevations, and thickness ranges.
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Figure 29. Transmissivity of the surficial aquifer system for the LECSR-NP.
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3.3.2.4 Groundwater Recharge and Saturated Zone Evapotranspiration

Groundwater recharge and saturated zone ET were derived from the ET-Recharge-Runoff program.
Figures 30 and 31 show the spatial distribution for groundwater recharge in 2011 and 2013, which are

representative of a dry year and a wet year, respectively. Figures 32 and 33 show the spatial distribution
for the saturated zone ET in 2011 and 2013, respectively.
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Figure 30. Spatial distribution of groundwater recharge derived from the Evapotranspiration-Recharge-
Runoff program across the LECSR-NP active model area in 2011.
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Figure 31. Spatial distribution of groundwater recharge derived from the Evapotranspiration-Recharge-
Runoff program across the LECSR-NP active model area in 2013.
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Figure 32. Spatial distribution of saturated zone evapotranspiration derived from the Evapotranspiration-
Recharge-Runoff program across the LECSR-NP active model area in 2011.
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Figure 33. Spatial distribution of saturated zone evapotranspiration derived from the Evapotranspiration-
Recharge-Runoff program across the LECSR-NP active model area in 2013.
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3.3.2.5 Surface Water Flow System

Several MODFLOW packages were used to simulate the surface water flow system. Figures 34 to 40 show
the spatial distribution of the cells for each package. Figure 34 shows the spatial distribution of the cells
classified as wetlands. The Wetland package was used to simulate overland flow using the Kadlec (1990)
equation:

q =K hPSf

For areas classified as wetlands, runoff was not calculated by the ET-Recharge program and was set to zero.
In addition to simulating areas classified as wetlands according to the most recent land use/land cover data,
the Wetland package can be used to simulate barriers to flow, such as seepage barriers and levees. For the
LECSR-NP, a barrier is simulated in Flow-way 3 along Pine Glades, where Palm Beach County placed a
seepage barrier during restoration efforts.

Figure 35 shows the spatial distribution of the drains simulated in the model domain. The Drain package
was used to simulate any existing drainage canals at their control elevation and effectively removes this
water from the model area once the control elevation is reached. If the existing drainage canals typically
route water from one area to the next, the network was simulated with the Diversion or RDF package.

Figure 36 shows the spatial distribution of the river segments simulated in the model domain. The River
package was used to simulate primary canals with a known historical stage, such as the L-8 Canal. When
water needs to be routed through the canal using stages and flows, either the Diversion or RDF package
was used.

Figures 37 and 38 show the spatial distribution of the source and sink cells used in the Diversion package,
respectively. The Diversion package introduces routed runoff from the ET-Recharge program into the
model. The Diversion package also simulates the movement of water using set stage criteria for the source
and sink cells, along with a flow volume, which is sent only when the model cells have met the stage criteria.

Figures 39 and 40 show the spatial distribution of the source and sink cells used in the RDF package,
respectively. The RDF package is used when a daily stage constraint is used to move water from one cell
to another cell. The use of the RDF and Diversion packages accounts for the amount of water that is moved
from one area of the model to another.

46



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

ATLANTIC
OCIEAN

GULF OF
MEXICO

" Janathan
Dickinson
Siate Park

Hungryland

Dupuis
Reserve

Hungrijandss
.Slg\.?gh R lloXahatchee
; Slaligh
J .,
Corbett
WA

Grassy
Waters
Pesenver

[ ] wetland Cells

D Basins

] LECSR-NP Active Model Domain

Lower East Coast Subregional Model — North Palm
S4SE CREDTS i R TANT TRt
s e B Vs Wetland Locations T g e st
i e 2 # &:Mliae 1 § o e fies,

South Florda Water Management District w%—}a uust of el vicem by

3301 Gun Clb Ra, Wast Palm Beach, Florids 33406 ’ —— s GEISPATIAL
M (561} BEIE-2E00, v shwmd gov Y B 5 F b R et Map Date: June 2018 TERVICEE

User Mame: ahoffart Remedy Ticket: 74193

Map Produced cn Date: 7/18/2018 11:07:54 AM

Figure 34. Spatial distribution of wetland cells across the LECSR-NP active model area.
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Figure 35. Spatial distribution of drain cells across the LECSR-NP active model area.
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Figure 36. Spatial distribution of river cells across the LECSR-NP active model area.
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Figure 37. Spatial distribution of Diversion sink cells across the LECSR-NP active model area.
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Figure 38. Spatial distribution of Diversion source cells across the LECSR-NP active model area.
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Figure 39. Spatial distribution of Reinjection Drain Flow sink locations across the LECSR-NP active model area.
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Figure 40. Spatial distribution of Reinjection Drain Flow source cells across the LECSR-NP active model area.
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L-8 Basin

The L-8 Basin was simulated with a combination of rivers, drains, diversions, and RDFs. Additionally,
because the western border of the L-8 Basin coincides with the boundary of the active model domain, GHB
cells are located along the Lake Okeechobee boundary. Rivers were used to simulate the L-8 Canal, with
historical data used to simulate canal stages. Drains were used to simulate an existing drainage canal within
the Dupuis Management Area and the existing drainage canal network with the agricultural portions of the
L-8 Basin. Diversions were used to incorporate the routed runoff from the ET-Recharge program into the
Indian Trail Improvement District. The Diversion package was used to simulate the M-O Canal, which is
on the south side of Corbett Wildlife Management Area. Runoff from western Corbett and Dupuis
management areas and the ditch adjacent to the L-8 Canal were simulated using the RDF package. RDFs
were used to keep track of L-8 Basin runoff that would be available for use in alternative simulations for
the LRWRP. For the calibration, the water removed from the RDFs was placed in an inactive portion of the
model domain.

C-18 Basin

The C-18, Corbett, and Jupiter Farms basins are combined into Flow-way 1 in the LRWRP and simulated
with a combination of drains, rivers, diversions, and RDFs. This area of the model contains the C-18 West
Canal, C-18 weir, southern leg of the C-18 Canal, G-161, G-160, G-92, S-46, and Lainhart Dam.

The C-18 West Canal was modeled using a combination of drains, diversions, and RDFs. The portion of
the canal located west of the C-18 weir was modeled using diversions to simulate the runoff occurring in
urban areas. RDFs were used along the C-18 West Canal as well as within Pratt, East Corbett, and Avenir,
and were used to simulate the movement of water over the C-18 weir. The portion of the canal east of the
C-18 weir was modeled using a combination of drains, diversions, and RDFs. The diversions and RDFs
were used to simulate the movement of water from the C-18 West Canal to the C-18 Canal. Drains were
used to represent the water that would be sent to the ocean via S-46 when stages in the C-18 West Canal
are too high.

The southern leg of the C-18 Canal was simulated primarily with diversions and RDFs. Diversions bring
water from the northern portion of GWP through G-161 and into the southern leg of the C-18 Canal. RDFs
were used to move runoff from urban areas such as Mirasol and PGA into the southern leg of the
C-18 Canal. RDFs were used to move water through G-160, which is to be effectively operated so that
during rainfall events, when stages upstream of the structure rise to an elevation of 16.8 feet NGVD29, the
structure can be opened to allow stages to recede and closed once stages reach an elevation of 16.2 feet
NGVD29. However, for the LECSR-NP calibration, operations for G-160 were determined based on
historical data, as documented in the annual South Florida Environmental Reports. Further analysis of
G-160 showed operations varied before and after 2009. Therefore, two sets of operation schedules were
used during calibration.

Prior to June 2009:

e During the dry season: environmental releases occur when the stage is higher than 12.0 feet
NGVD29, with discharge of 40 cfs.

e During the wet season: flood control releases occur when the stage is higher than 14.5 feet
NGVD?29, with discharge of 150 cfs. Additionally, flood control releases can occur when the stage
is higher than 15.0 feet NGVD209.

Figures 41 and 42 show historical releases for the dry and wet seasons prior to June 2009, respectively.
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Figure 41. Historical releases before June 2009 at G-160 during the dry season.
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Figure 42. Historical releases before June 2009 at G-160 during the wet season.
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After June 2009:

e During the dry season: environmental releases when the stage is higher than 12.0 feet NGVD29,
with discharge of 40 cfs.

o During the wet season: flood control releases when the stage is higher than 15.5 feet NGVD29,
with discharge of 150 cfs. Additionally, flood control releases can occur when the stage is higher
than 16.5 feet NGVD29.

Figures 43 and 44 show historical releases for the dry and wet seasons after June 2009, respectively.
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Figure 43. Historical releases after June 2009 at G-160 during the dry season.
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Figure 44. Historical releases after June 2009 at G-160 during the wet season.
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The RDF package was used to simulate water as it moves along the C-18 Canal through G-92. The canal
reach between G-160 and G-92 also receives water from the South Indian River Control District, which has
property on the east and west sides of the C-18 Canal. The South Indian River Control District was
simulated as distinct basins in the RDF package, with a control elevation at varying stages consistent with
current South Indian River Control District operations. The C-14 Canal and feeder canals receive runoff
and base flows from the other basins and discharge over Lainhart Dam using the Drain package at the
historical control elevation. The basin is east of the C-18 Canal and discharges downstream of S-46 using
the Drain package with the historical control elevation. Runoff from the basin, using the ET-Recharge
program, was directly put into the basin at the RDF cells using the Diversion package.

Grassy Waters Preserve Basin

Grassy Waters Preserve (GWP) is an 11,100-acre wetland area owned by the City of West Palm Beach and
managed for PWS and as a nature preserve. GWP is simulated in the LECSR-NP using several MODFLOW
packages, including Wetland, Diversion, and Wells. Historical flows from the regional system brought into
the City’s water system via the Control 2 pump station were simulated using the Diversion package. The
Diversion cells are located within GWP adjacent to the M-Canal. It should be noted that the City backup
wellfield was operational for part of the calibration period and this water was added to the M-Canal
Diversion cells. Additional inflow into GWP occurs at the Ibis outfall area and was simulated using the
Diversion package. Runoff from Ibis was estimated using the revised ET-Recharge-Runoff program.

Outflow from GWP occurs at three locations. At the north end, water moves out of GWP over the Northlake
Blvd. weir into the GWP triangle area, which connects with the southern portion of Loxahatchee Slough,
when water levels at the north end rise above 19.2 feet NGVD29 at volumes not to exceed 100 cfs.
Additional water leaving out of the north end of GWP can occur through the G-161 structure. This also is
simulated using the Diversion package, with the water discharging into the C-18 Canal upstream of the
G-160 structure. During the calibration period, there were no set operational criteria for moving water
through G-161, so the simulated water released was set equal to the observed flow in the Diversion package.
The final major discharge out of GWP occurs to meet the City of West Palm Beach’s PWS needs. Because
the model does not directly simulate surface water withdrawals by the City of West Palm Beach out of
Clear Lake (where the water treatment plant’s intake pumps are located), a simplified approach was used.
The City’s demands were withdrawn from the same stretch of the M-Canal as the Diversion cells,
representing the Control 2 inflows using the well package to simulate the PWS demands.

The M-Canal reach to the east and west of GWP was simulated as a river using the River package to quantify
any seepage losses or gains between the Control 2 and Control 3 pump stations. A test run of the LECSR-NP
showed substantial seepage loss along the M-Canal between the two pump stations (approximately 13 cfs
on average). Figure 45 shows monthly averaged seepage losses between the two pump stations derived
from model output associated with the River package. Positive values indicate the M-Canal is recharging
the aquifer while negative values indicate the aquifer is recharging the M-Canal. Figure 45 shows only
positive values, indicating the M-Canal always recharges the aquifer. Table 13 provides the monthly
calculated percent loss due to seepage between Control 2 and Control 3 of the M-Canal. In the LECSR-NP,
inflow into GWP is historical flows through Control 2 minus seepage losses from Control 2 to Control 3.
Historical stages within GWP were compared to modeled stages to ensure the model was capturing this
interaction.
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Figure 45. Monthly averaged seepage losses between the Control 2 and Control 3 pump stations from
2006 to 2014 (Q20 = 20" percentile flow; Q50 = 50" percentile flow; Q80 = 80" percentile
flow).

Table 13.  Monthly averaged percent seepage losses between the Control 2 and Control 3 pump stations.

Month Percent Seepage Loss
January 7
February 7

March 7

April 5

May 8
June 13
July 27
August 23
September 23
October 17
November 8
December 8

Flow-way 3 Basin

The Flow-way 3 basin is a combination of Pal Mar, Hobe Grove Ditch, and the historical Cypress Creek
basins and surrounding areas, including Kitching Creek and the tidal reach of the Northwest Fork of the
Loxahatchee River. This area is known as Flow-way 3 in the LRWRP and was simulated using a
combination of diversions and drains. The Diversion package was used to simulate the Culpepper outfall




MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

structures, Cypress Creek Canal, Hobe Grove Ditch, and the east-west portion of the Nine Gems drainage
system as well as the Nine Gems bypass canal, which feeds into Cypress Creek. Drains were used to
represent existing drainage canals within Hobe St. Lucie Unit 2, Nine Gems, Thomas Pepper Farm, Shiloh
Farms, and Gulfstream. Drains also were used in the urban areas adjacent to the Cypress Creek Canal. Drain
elevations were set based on existing operations of the drainage canals in the area or based on surface water
management permits issued by the SFWMD.

Kitching Creek feeds into the Northwest Fork of the Loxahatchee River. The northern portion of Kitching
Creek was simulated using source cells for the Diversion package, which introduced the routed runoff as
calculated by the ET-Recharge package. This area of Kitching Creek down to the flow gauge was simulated
using the Drain package. The southern portion of Kitching Creek was simulated using the River package.
The tidal portion of the Northwest Fork of the Loxahatchee River, which begins east of where Hobe Grove
Ditch feeds into the river and continues to the intracoastal waterway, was modeled with the River package.

Everglades Agricultural Area Drainage Basin

The eastern portion of the Everglades Agricultural Area is located at the western side of the study area and
includes a portion of the S-5A and L-8 drainage basins. The portion of the S-5A drainage basin within the
model domain is the area from the L-8 Canal west to the L-10/L-12 borrow canals and Lake Okeechobee.
The primary purpose of the project canals and structures is to move excess water from the basin or Lake
Okeechobee regulatory releases into Water Conservation Area 1 and the stormwater treatment areas. This
will prevent over-drainage of the basin and minimize soil subsidence, provide water supply to the
Everglades Agricultural Area users, or convey water east to coastal users. The primary canal(s) for moving
water into and out of the basin is the West Palm Beach Canal (L-10/L-12 borrow canals).

Other Basins

Several other basins exist within the study area but are not directly related to the restoration of the
Loxahatchee River or watershed wetland systems. These include the C-44, Tidal St. Lucie, Basin 2, and
South Coastal drainage basins in Martin County. Local basin runoff in the C-44 Basin or Lake Okeechobee
regulatory releases move east towards the S-80 structure in the Tidal St. Lucie basin where it discharges to
the ocean. South Coastal and Basin 2 are located along the coast in southern Martin County and ultimately
can discharge to the ocean as well. In Palm Beach County, urban basins not previously discussed include
the C-51 East, C-51 West, C-17, and Intracoastal basins. These basins are heavily developed and discharge
into the C-51 or C-17 canals, which discharge into Lake Worth Lagoon through the S-155 or S-44 structure.
The Intracoastal Basin along the coast can directly discharge into the tidal reaches by locally controlled
means. These basins are east and south of the study area.

Perimeter Boundary Conditions

In addition to simulating canals and other features in the surface water basins, additional stages need to be
imposed in the LECSR-NP along the active edge of the model domain through the use of the GHB package
(Figure 46). These general heads include Lake Okeechobee, the C-51 and C-44 canals, and the tidal
conditions along the coast. Daily historical stages were obtained from the SFWMD’s corporate
environmental database, DBHYDRO, for Lake Okeechobee and the structures along the C-51 and
C-44 canals for the calibration and verification periods. Tidal conditions vary along the eastern edge of the
model depending on proximity to an ocean inlet, distance inland, and influence of coastal water control
structures. Historical data from surface water gauges seaward of the water control structures and in the
downstream reaches of the Loxahatchee River were used for those areas of the coastal boundary conditions.
Along the intracoastal waterway, calculated values of the daily mean tide were used.
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Figure 46. Spatial distribution of General Head Boundary cells across the LECSR-NP active model area.
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3.4 Water Use

Information for MODFLOW?’s Well package was extracted from individual water use permits issued by the
SFWMD. Individual permits were screened so only those with a permitted allocation greater than 1 mgd
and located within the active model domain were used. Individual permits were divided into two categories:
PWS and non-PWS. Water use for PWS permits was aggregated from actual data reported to the SFWMD
or Florida Department of Environmental Protection and compiled by the SFWMD or USGS. Water use for
non-PWS permits was estimated using AFSIRS.

3.4.1 Public Water Supply

PWS demands were obtained from monthly operating reports supplied by utilities to the SFWMD and
Florida Department of Environmental Protection. Individual well withdrawals for each permit were
estimated by creating a spatial wellfield distribution percentage and a monthly seasonal component.

Individual well locations within a permit do not change year-by-year during the simulation period. In
addition, there was no change in the distribution of the annual demands for each well within a permit in the
active model area. Several utilities have restrictions on withdrawals in specific wellfields that limit the
amount the wellfield can withdraw; these limitations were included in the LECSR-NP. For example, the
Town of Jupiter, the Village of Tequesta, and Seacoast Utility Authority have specific wellfield restrictions
to minimize the threat of saltwater intrusion. The LECSR-NP includes all utilities in northern Palm Beach
County as well as southern and northeastern Martin County.

A monthly seasonal component was developed using historical pumpage. These values represent the
fraction of pumpage distributed throughout the year (monthly seasonality). The fractions add up to
100 percent of the annual withdrawal. Seasonal variability in utility demand reflects the seasonal population
and the irrigation of landscape during the dry season. Monthly pumpages were converted to daily values by
dividing by the number of days in each month. The daily pumping rate was held constant for each month.

3.4.2 Non-Public Water Supply

Non-PWS use classifications include agriculture, industrial, golf course, nursery, and landscape/recreation
areas. Figure 18 shows the distribution by water use type; Figure 47 shows water use by type for only
non-PWS wells. There are 104 non-PWS permits in the LECSR-NP and 614 non-PWS wells. Due to the
lack of historical pumpage data, irrigation demands were estimated using AFSIRS, which calculates
irrigation demand based on climate-driven need (Smajstrla et al., 1990). Non-irrigation permit demands for
industrial use were calculated from the average annual allocation divided by the number of days in a year.
Similar to the PWS wells, demand was distributed evenly among the facilities.

A few permits stipulate an allocation for both groundwater and surface water sources, sometimes based on
crop type. When the permits did not specify the allocation between groundwater and surface water sources,
the allocation was divided based on the capacity of the facilities. Each facility in a permit was assigned a
percentage of the allocation based on the percentage of the facility capacity/total capacity of all the facilities
in the permit. Once the distributions were determined, the surface water sources were excluded if water was
brought in from outside the basin (e.g., from Lake Okeechobee) to meet the need. All the non-PWS wells
were assigned to Layer 2 of the LECSR-NP Model, which is the main production zone within the SAS.
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Figure 47. Water use distribution for non-public water supply permits.

4, MODEL CALIBRATION AND VERIFICATION

The goal of model calibration and verification is to achieve the capability of simulating results similar to
field measurements within specified tolerances, produce general groundwater flow patterns, and match
trends in groundwater heads (levels) and flows. The goal of the calibration process is to change input
parameters within a predetermined range in an attempt to produce simulated heads and flows that match
historical values. The goal of the verification process is to use the calibrated model with limited change to
input data to produce simulated heads and flows that match historical values outside the model calibration
period.

4.1 Methodology

Model calibration is the procedure by which input parameters are adjusted within acceptable ranges until a
reasonable representation of the physical system is achieved. Model calibration is considered complete
when the model is capable of simulating a set of field measurements within specified tolerances. The model
was calibrated to transient conditions using a manual trial-and-error process. The historical surface water
and groundwater monitoring networked used in the calibration process was obtained from the SFWMD,
the USGS, and Palm Beach County. The model simulated daily stages and flows, which were compared to
historical values to determine the degree of calibration. Qualitative and quantitative techniques were applied
to evaluate the calibration and verification results. The calibration period for the current version of the
LECSR-NP is from January 1, 2006 to December 31, 2014, which includes average 12-month SPI values
of -1.725 and 1.065, indicating there are extreme wet and dry periods within the calibration period.
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The first step in the calibration process was to vary model parameters within acceptable ranges. Model
parameters generally were varied one at a time unless data suggested multiple changes could be
implemented simultaneously. After completion of the model run, statistics were generated and compared
to a base case model to determine any improvements or degradation in model performance. When sufficient
improvements were achieved, the base case model was replaced with the revised model and the process
continued. This process was repeated multiple times until continued variations of all sensitive parameters
resulted in negligible additional improvement. The main parameters varied for the calibration process, as
determined by an earlier sensitivity analysis, are as follows:

o Runoff parameters, including curve numbers, land use classifications, and lag time;

e Wetland parameters, including Kadlec values, locations of wetland surfaces, and specific yields for
overland flow;

e River, Drain, RDF, and Diversion flow constraints; and

e Hydraulic conductivity, primarily for Layers 1 and 2.

4.2 Calibration Criteria
4.2.1 Flow Discharges

Eight discharge locations, the surface water structures that historically existed within the model domain,
were used for model calibration (Figure 48). Statistics for each discharge location were used as quantitative
calibration criteria for overall model performance. Although the model outputs daily flow data, cumulative
monthly flow was used for calibration purposes. This is due to the high variability in day-to-day operations
of the flow structures. The statistics chosen include the following:

e Deviation of volume (DV): quantifies the difference in observed and predicted water volumes.
Positive DV indicates under-predicted flows while negative DV indicates over-predicted flows.

o Nash-Sutcliffe coefficient (NS): indicates how well a model can predict flow. A value equal to
1 indicates a perfect fit; a value less than 0 indicates a prediction no better than using the average
of the historical values.

 Coefficient of determination (R?): indicates how well the model fits the historical trends in flow. A
value equal to 1 indicates the model explains all variability in historical values; a value of 0
indicates the model explains none of the variability in historical flow.

For this project, the DV target was <15 percent. The targets for NS and R? were values >0.4. These target
values have been used for other subregional models in the area and are considered appropriate based on
previous work conducted in the Loxahatchee River watershed (SFWMD, 2006).

The following qualitative techniques for flow criteria were chosen:
e Flow hydrographs: show the differences between historical and modeled flow, including low and

high flow regimes.
e Cumulative flow curves: show the differences between historical and simulated cumulative flow.
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Figure 48. Flow discharge locations used in LECSR-NP calibration.
4.2.2 Water Level Elevations

A total of 76 groundwater monitoring wells and 67 wetland gauges with at least some data within the
calibration period were identified. After a joint USACE and SFWMD analysis of the locations,
58 groundwater monitoring wells and 61 wetland stage monitoring gauges were selected for overall model
calibration and performance (Figures 49 and 50, respectively). Locations were selected based on
availability of data that have undergone a quality assurance/quality control process and were within the
model domain. Although there were several additional locations with water level data, they were screened
out due to their location coinciding with a stage- controlled model cell (such as a river or GHB) or due to
the data only being available for a very short period of time during the calibration period. Statistics for each
location were used as quantitative calibration criteria for overall performance. The statistics and targets for
the groundwater monitoring wells and wetland gauges were chosen based on the LECSR peer review
(Andersen et al., 2006) and include the following:

o +Range error target: percent of time the simulated head is within a plus or minus range error target
in feet of the observed head.

e Mean error (feet): the mean difference between measured and simulated heads.

e Mean absolute error (MAE; feet): the mean of the absolute value of the difference between
measured and simulated heads.

e Root mean squared error (feet): the average of the root of the squared differences between measured
and simulated heads.
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Based on the peer review panel’s recommendation, each well had its own target based on 20 percent of the
absolute difference in minimum and maximum observed values during the calibration period. This
computed range was used as a target for the percent of time the simulated head is within the observed head,
mean error, MAE, and root mean squared error. For the range error target, the simulated head should be
within the observed head range at least 75 percent of the time. The groundwater monitoring wells and
wetland gauges were considered calibrated if three out of four calibration criteria are met. Historically, the
SFWMD used a target of +1 foot for the mean error, MAE, and root mean squared error. The peer review
panel’s recommended calibration criteria and the historical SFWMD calibration criteria were applied to
test the validity of the calibration.
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Figure 49. Groundwater monitoring well locations used in LECSR-NP model calibration.
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Figure 50. Wetland gauge locations used in LECSR-NP model calibration.
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4.2.3 Qualitative Analysis

4.2.3.1 Wetland Rapid Assessment Procedure (WRAP) Cells

The Ecological Subteam of the Project Delivery Team have a list of 56 locations, known as Wetland Rapid
Assessment Procedure (WRAP) cells, where historical field conditions have been evaluated (Figure 51).
Hydrographs and duration curves for the calibration period were plotted and evaluated by a select group of
participants from the Ecological Subteam. Hydrographs and duration curves were evaluated to review the
duration of inundation and the range of water levels compared to field notes and knowledge. A target was
not established for the hydrographs or duration curves as they were used for qualitative analysis of
calibration performance.
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Figure 51. Wetland Rapid Assessment Procedure (WRAP) cells and indicator regions used for
LECSR-NP model calibration.
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4.2.3.2 Water Budgets

Annual and seasonal water budgets for the C-18 (combination of C-18/Corbett and Jupiter Farms basins),
L-8, Flow-way 3 (combination of Pal Mar, Grove, and historical Cypress Creek basins), and GWP basins
were used as an overall indicator of bias in the calibration process (Figure 52). This criterion is a qualitative
technique to evaluate any bias or seasonal trends that may be present. A target was not established for this
criterion.
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Figure 52. Water budget basin boundaries for the LECSR-NP.
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4.3 Calibration Results

4.3.1 Flow Discharges

Table 14 shows the calibration statistics for the flow discharge locations. These statistics were used as
guantitative calibration criteria to evaluate overall model performance. Daily flow was aggregated to
monthly cumulative flow for simulated and historical conditions. Months with missing data were excluded;
therefore, different water control structures have different numbers of months for the period of record.

Table 14.  Flow discharge statistics for the calibration period (2006 — 2014).

Monitoring Station R? DV (%) NS

C-18 Weir 0.57 -1 0.57

Lainhart Dam 0.82 -9 0.80

S-46 0.85 -5 0.82

G-92 0.74 2 0.74

G-160 0.76 -5 0.75

Cypress Creek and Hobe Grove Ditch 0.73 -4 0.70
Kitching Creek 0.79 -6 0.78

DV = deviation of volume; NS = Nash-Sutcliffe coefficient; R2 = coefficient of determination.

The LECSR-NP more than adequately simulated flow for the calibration period. All discharge locations
met the NS coefficient and R? target of 0.4 for the calibration period. The DV target of less than 15 percent
was met at all discharge locations. Due to the complexity in characterizing drainage patterns between the
Hobe Grove and historical Cypress Creek basins, the two basins were evaluated together with a combination
of flows from Cypress Creek and Hobe Grove Ditch. As discussed previously, G-161 is not included
because the flows were based on historical data.

4.3.1.1 C-18 Weir

Figure 53 shows the monthly flow hydrograph for the calibration period at the C-18 weir. The simulated
monthly flows were underestimated in the beginning of the calibration period and during peak events. The
discrepancy between historical and simulated monthly flows in the beginning of the calibration period may
be related to restoration work undertaken by Palm Beach County in the Hungryland Slough area, which
contributes flow to the C-18 West Canal and C-18 weir. Figure 54 illustrates the cumulative monthly flow
curve. Based on the curve, the model underestimates historical flows through the C-18 weir between 2007
and 2014. The simulated cumulative flow appears to match historical cumulative flow towards the end of
the calibration period.
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Figure 53. Simulated and historical monthly flow hydrograph for the C-18 weir from 2006 to 2014.
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Figure 54. Simulated and historical cumulative monthly flow curve for the C-18 weir from 2006 to

2014.

70



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

4.3.1.2 Lainhart Dam

Figure 55 shows the monthly flow hydrograph for the calibration period at Lainhart Dam. The model
appears able to simulate high- and low-flow conditions when compared to historical flow. Figure 56
illustrates the cumulative monthly flow curve. Based on the curve, the simulated and historical cumulative
flow match from 2006 through 2010. There is a slight deviation in the simulated and historical cumulative
flow curves, with the model slightly over-predicting historical conditions.
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Figure 55. Simulated and historical monthly flow hydrograph for Lainhart Dam from 2006 to 2014.
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Figure 56. Simulated and historical cumulative monthly flow curve for Lainhart Dam from 2006 to
2014.
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4.3.1.3 S-46

Figure 57 shows the monthly flow hydrograph for the calibration period at S-46. The simulated and
historical monthly flows generally match, except for high peak events such as in August 2012 during
Tropical Storm Isaac. Figure 58 illustrates the cumulative monthly flow curve. Based on the curve, the
model overestimates historical flows through S-46 from 2009 through the end of the calibration period.
Deviations between simulated and historical cumulative flow appear to decrease from 2013 onward.
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Figure 57. Simulated and historical monthly flow hydrograph for S-46 from 2006 to 2014.
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Figure 58. Simulated and historical cumulative monthly flow curve for S-46 from 2006 to 2014.
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4.3.1.4 G-92

Figure 59 shows the monthly flow hydrograph for the calibration period at G-92. There does not appear to
be any specific trend of under- or overestimation of the monthly flows. The model occasionally simulates
higher monthly flow than historical conditions, but sometimes the model simulates lower monthly flow
than the historical conditions. The model did not simulate the reverse flow capabilities of G-92 and thus
will over-predict during months when reverse flow occurred. Figure 60 illustrates the cumulative monthly
flow curve. Based on the curve, the simulated and historical cumulative flows appear to match very well,
with only very slight deviations and no consistent over- or under-prediction trends throughout the
calibration period.
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Figure 59. Simulated and historical monthly flow hydrograph for G-92 from 2006 to 2014.
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Figure 60. Simulated and historical cumulative monthly flow curve for G-92 from 2006 to 2014.
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4.3.1.5 G-160

Figure 61 shows the monthly flow hydrograph for the calibration period at G-160. There does not appear
to be any specific trend of under- or overestimation of the monthly flows. The model occasionally simulates
higher monthly flow than historical conditions, but sometimes the model simulates lower monthly flow
than historical conditions. Between 2007 and 2009, when flow through G-160 did not follow a specific
operational protocol, the model could not match the monthly flows. Figure 62 illustrates the cumulative
monthly flow curve. Based on the curve, the model slightly overestimates flows from 2010 through the end
of the calibration period.
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Figure 61. Simulated and historical monthly flow hydrograph for G-160 from 2006 to 2014.
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Figure 62. Simulated and historical cumulative monthly flow curve for G-160 from 2006 to 2014.
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4.3.1.6 Cypress Creek and Hobe Grove Ditch

Figure 63 shows the monthly flow hydrograph for the calibration period for Cypress Creek and Hobe Grove
Ditch. Due to the complexity of differentiating contributing areas, the two structures were assessed together.
Additionally, historical data were only available through 2009. There does not appear to be any specific
trend of under- or overestimation of the monthly flows. The model occasionally simulates higher monthly
flow than historical conditions, but sometimes the model simulates lower monthly flow than historical
conditions. Figure 64 illustrates the cumulative monthly flow curve through 2009 when historical data were
available. Based on the curve, the simulated and historical cumulative flows appear to match very well,
with only very slight deviations and no consistent over- or under-prediction trends.
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Figure 63. Simulated and historical monthly flow hydrograph for Cypress Creek and Hobe Grove Ditch
from 2006 to 2014.

100000

60000

Figure 64. Simulated and historical cumulative monthly flow curve for Cypress Creek and Hobe Grove
Ditch from 2006 to 2009.
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4.3.1.7 Kitching Creek

Figure 65 shows the monthly flow hydrograph for the calibration period for Kitching Creek. There does
not appear to be any specific trend of under- or overestimation of the monthly flows. The model
occasionally simulates higher monthly flow than historical conditions, but sometimes the model simulates
lower monthly flow than historical conditions. Figure 66 illustrates the cumulative monthly flow curve
through 2009 when historical data were available. Based on the curve, the simulated cumulative flow
appears to have some deviations from the historical cumulative flow. However, there does not appear to be
a consistent prediction bias as the cumulative flow can be under- or over-predicted by the model.
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Figure 65. Simulated and historical monthly flow hydrograph for Kitching Creek from 2006 to 2014.
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4.3.2 Water Level Elevations

Table 15 shows the statistics for the groundwater monitoring wells; 54 of the 58 groundwater monitor wells
are calibrated. The overall MAE for the groundwater wells was 0.56 feet. Appendix A presents
hydrographs of historical and simulated water levels for the 58 monitor wells. Table 16 shows the
calibration statistics for the wetland gauges; 47 of the 61 wetland gauges are calibrated. It is critical to note
that of the 14 wetland gauges that are not calibrated, 7 have very small ranges (close to 0.5 feet or less). It
is very difficult to calibrate a regional groundwater model to such a small range, which is why SFWMD
groundwater models historically are calibrated to the +1-foot threshold. Using the historical criteria, 50 of
the 61 wetland gauges met the calibration criteria. The overall MAE for the wetland gauges is 0.68 feet.
Appendix B presents hydrographs of the historical and simulated water levels for the 61 wetland gauges.
Table 17 shows the statistics for the calibration locations that were sequestered due to a lack of historical
data or based on proximity to river and GHB cells.

Table 15.  Groundwater monitoring well statistics for the calibration period (2006 — 2014).

Root Water gf rTc;:Tr]]; Calibration -
. Mean Error Mean Mean Level | Within L Calibration
Monitor Well | Layer Absolute | Square (Individual | Met (x1 foot
(feet) Stage | 20% of N
Error (feet) | Error Stage Criterion)
(feet) LS 12 Criterion)
Range

PB-565_G 1 -0.04 0.44 0.56 1.32 96.87 Y Y
PB-809 1 0.26 0.46 0.59 1.30 96.09 Y Y
M-1004 1 -0.26 0.57 0.71 1.76 91.83 Y Y
M-1024 2 0.03 0.27 0.35 0.98 98.04 Y Y
PB-1733 3 -0.23 0.58 0.69 0.84 75.68 Y Y
PB-1732 3 -0.21 0.35 0.44 0.58 82.43 Y Y
PB-1642 1 -0.09 0.39 0.51 0.87 94.01 Y Y
M-1261 1 -0.13 0.87 1.04 1.76 91.83 Y Y
M-1071 2 0.04 0.51 0.64 1.12 94.23 Y Y
M-1072 2 0.03 0.51 0.65 1.10 93.35 Y Y
M-1073 2 -0.03 0.40 0.59 1.17 90.96 Y Y
M-1083 1 -0.33 0.59 0.74 0.88 75.91 Y Y
M-1086 2 -0.21 0.93 1.21 151 81.62 Y Y
M-1088 3 -0.15 0.95 1.24 1.45 78.92 Y Y
M-1096 3 0.43 0.54 0.64 0.89 80.45 Y Y
M-1234 1 -0.02 0.31 0.45 1.36 98.54 Y Y
PB-1525 1 0.40 0.76 1.02 0.97 71.49 N N
PB-1548 2 -0.42 0.70 0.56 1.22 82.50 Y Y
PB-1613 3 0.17 0.36 0.45 0.98 95.59 Y Y
PB-1615 1 0.28 0.44 0.53 1.01 94.83 Y Y
PB-1648 1 0.35 0.63 0.85 1.26 87.64 Y Y
PB-1649 3 -0.22 0.54 0.67 1.17 93.62 Y Y
PB-1662 1 0.68 0.68 0.79 0.92 73.91 Y Y
PB-561 1 0.07 0.40 0.49 0.62 81.82 Y Y
PB-685 1 -0.43 0.73 0.96 1.32 83.93 Y Y
PB-689 1 0.45 0.47 0.52 0.90 97.34 Y Y
WTVW 1 0.56 0.56 0.62 0.65 64.83 Y Y
PB-831 1 0.35 0.55 0.73 0.96 79.98 Y Y
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Percent

Root - Calibration

. Mean Error Mean Mean \I/_\gglr c\)/f\/-il'-[;:inne M?t Calibration

Monitor Well | Layer Absolute | Square (Individual | Met (x1 foot
(feet) Stage | 20% of N

Error (feet) | Error Stage Criterion)
(feet) eI iz Criterion)
Range
PB-880 2 0.80 0.82 0.99 0.87 57.97 N Y
PB-99 1 -0.27 0.46 0.59 1.10 95.23 Y Y
JD-12 1 0.37 0.87 1.04 1.10 66.90 Y N
JD-26 1 0.14 0.76 0.92 1.12 77.41 Y Y
JD-6 1 0.09 0.71 0.87 1.11 78.48 Y Y
JDSPMW1G 2 0.36 0.63 0.78 1.22 89.81 Y Y
JDSPMW3G 2 -0.02 0.55 0.66 1.31 95.80 Y Y
C18P-D 2 0.66 0.69 0.96 1.02 75.79 Y Y
C18P-S 1 0.76 0.81 1.11 1.04 71.42 N N
EB-D 2 0.02 0.38 0.49 1.08 96.28 Y Y
EB-S 1 0.41 0.53 0.69 1.11 94.04 Y Y
NEB-D 2 -0.10 0.35 0.44 1.10 99.16 Y Y
NEB-S 1 0.13 0.31 0.39 1.07 99.35 Y Y
NWB-D 2 0.40 0.51 0.70 0.78 75.33 Y Y
NWB-S 1 0.27 0.53 0.72 0.79 77.93 Y Y
OMN-D 2 0.38 0.57 0.74 1.08 84.45 Y Y
OMN-S 1 -0.02 0.40 0.51 0.96 95.07 Y Y
OMS-D 2 0.62 0.64 0.90 1.05 78.31 Y Y
PGA-N 2 0.56 0.56 0.68 0.81 82.50 Y Y
PGAWO01 1 -0.22 0.43 0.60 1.57 97.89 Y Y
PGAWO02D 3 0.32 0.60 0.79 1.07 83.38 Y Y
PGAWO02S 1 0.70 0.85 1.10 1.04 70.76 N N
PGAWO03D 2 0.17 0.55 0.74 1.11 85.32 Y Y
PGAWO03S 1 0.25 0.60 0.80 1.08 80.23 Y Y
PGAWO04 1 0.20 0.42 0.57 1.19 95.76 Y Y
PGAWO05 1 0.40 0.45 0.67 1.18 91.08 Y Y
WPBWCA 1 -0.27 0.55 0.69 0.90 79.30 Y Y
M-Canal 1 -0.01 0.37 0.49 1.18 95.00 Y Y
G161H 1 -0.12 0.47 0.60 0.95 88.97 Y Y
G161T 1 0.13 0.61 0.83 0.96 77.22 Y Y
Overall 0.15 0.56 0.71 1.09 85.68 93.10% 93.10%
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Table 16. Wetland gauge statistics for the calibration period (2006 — 2014).
Percent L
Mean '5'22; Water of '_I'ime Cal"ar;t'on Calibration
Region Wetland | Mean Error | Absolute Square Level Within (Individual Met
Gauge (feet) Error Stage 20% of (1 foot
(feet) =l Range the Stage Criterion)
(feet) Ran Criterion)
ge

DUPUIS1 0.09 0.65 0.82 0.85 67.95 Y Y
Dupuis DUPUIS2 -0.54 0.72 0.83 0.85 61.85 Y Y
DUPUIS4 0.36 1.06 1.35 1.40 75.58 Y N
PG1 -0.05 0.30 0.39 0.95 98.04 Y Y
PG2 -0.01 0.69 0.98 1.22 78.43 Y Y
PG4 0.45 0.47 0.53 0.92 98.06 Y Y
PG5 1.02 1.02 1.11 1.01 49.51 N N
PG6 -0.43 0.92 1.23 1.38 80.39 Y Y
PG7 0.37 0.77 0.95 1.38 87.38 Y Y
PGS8 0.13 0.69 0.89 1.42 84.47 Y Y
Pine Glades PG9 -0.30 0.86 1.18 1.46 84.47 Y Y
PG10 -1.12 1.24 151 151 62.38 Y N
PG11 0.52 0.56 0.70 0.40 41.58 N Y
PG12 0.61 0.62 0.78 0.80 716.77 Y Y
PG13 0.65 1.01 1.34 1.14 63.93 N N
PG14 -0.26 0.54 0.66 1.14 95.45 Y Y
PG15 -0.28 0.59 0.71 1.00 83.33 Y Y
PG16 0.26 0.47 0.59 0.95 84.85 Y Y
SROMA 0.10 0.47 0.62 0.97 87.74 Y Y
MROMA 0.47 0.56 0.72 0.94 76.42 Y Y
NROMA 0.76 0.76 1.04 1.20 75.47 Y Y
SHCW 0.26 0.44 0.68 0.99 89.62 Y Y
WLUCK 0.72 1.29 1.55 1.27 48.11 N N
Loxahatchee | ELUCK 0.24 0.76 0.97 1.13 77.36 Y Y
Slough NE -1.20 1.26 1.50 1.04 43.40 N N
SW 0.66 0.83 1.00 0.79 52.83 N N
SHCS 1.12 1.14 1.30 0.47 13.04 N N
SHCN 0.01 0.57 0.80 0.47 48.84 N Y
PC17A 0.09 0.74 0.94 0.86 68.18 N Y
PC17B -0.19 0.70 0.87 0.72 58.14 N Y
HUS1 0.04 0.47 0.53 0.92 98.06 Y Y
HUS2 1.02 1.02 0.81 1.02 79.00 Y N
HUS3 0.14 0.57 0.79 1.03 84.00 Y Y
HUS4 -0.27 0.65 0.80 0.95 78.00 Y Y
HUS5 -0.63 0.70 0.81 0.85 68.00 Y Y
H“&%ﬁgﬁ”d HUS6 -0.38 0.63 0.82 1.05 80.00 Y Y
HUS7 -0.07 0.67 0.83 0.90 68.00 Y Y
HUS8 -0.28 0.60 0.73 0.79 86.00 Y Y
HUS9 -0.18 0.41 0.62 0.81 93.00 Y Y
HUS10 -0.06 0.54 0.70 0.97 84.00 Y Y
HUS12 -0.37 0.77 0.95 1.27 89.00 Y Y
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Percent

Mean ,\322; Water of '_I'ir_ne Cal:\t;lgtlon Calibration
Region Wetland | Mean Error | Absolute Square Level Within (Individual Met
Gauge (feet) Error Stage 20% of (1 foot
(feet) Error Range the Szl Criterion)
(feet) Criterion)
Range

HUS13 0.50 0.71 1.06 1.24 86.00 Y Y
HUS14 0.04 0.61 0.85 1.21 86.00 Y Y
HUS15 -0.30 0.69 0.83 0.98 74.00 Y Y
HUS16 -0.51 0.71 0.91 1.02 76.00 Y Y
CY1 -0.27 0.59 0.69 0.72 69.66 Y Y
CY2 -0.19 0.42 0.52 0.54 69.88 Y Y
CY3 0.15 0.37 0.45 0.36 54.41 N Y
CY7 0.07 0.58 0.72 0.54 58.00 N Y
Cypress CvYs -0.05 0.38 0.49 0.38 56.76 N Y
Creek CY9 0.71 0.75 0.85 0.53 36.11 N Y
CY10 0.20 0.38 0.47 0.57 75.00 Y Y
CYLR1 -0.15 0.61 0.79 1.21 90.29 Y Y
CYLR2 -0.13 0.93 1.13 1.40 69.61 Y N
CYLR3 -0.34 1.02 1.18 1.32 73.68 Y N
Lox_East -0.06 0.39 0.54 0.81 87.97 Y Y
Lox_West -0.46 0.56 0.68 0.84 80.47 Y Y
Loxahatchee SWE1 0.52 0.61 0.80 0.96 77.36 Y Y
Slough SWE4 -0.04 0.39 0.54 0.99 90.38 Y Y
SWE6 -0.56 0.64 0.72 0.93 75.96 Y Y
SWE9 -0.26 0.40 0.55 1.20 96.23 Y Y

Overall 0.04 0.68 0.85 0.97 73.84 77.05% 81.97%
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Table 17.  Statistics for sequestered locations for the calibration period (2006 — 2014).
Mean Mean I\F/QIZZ; Water Pe_rlf:i?::; o Cahlar:tt'on Calibration
Name Calibration Type | Layer | Error el Square vl Within | (Individual afol
Error Stage (1 foot
(eE) (feet) s Range 20y el ?tage Criterion)
(feet) the Range | Criterion)

PMW-103L | Groundwater Well 2 0.01 0.34 043 | 0.48 75.53 Y Y
PMW-103U | Groundwater Well 1 0.05 0.30 0.36 | 0.38 64.08 Y Y
PMW-106L | Groundwater Well 2 2.04 2.06 2.62 | 1.27 57.95 N N
PMW-1L |Groundwater Well 2 -0.02 0.46 0.61 | 0.65 70.61 Y Y
PMW-1U | Groundwater Well 1 0.06 0.43 056 | 0.61 76.33 Y Y
PZ5B Groundwater Well 1 -1.31 2.32 3.09 | 181 61.93 N N
PZ5C Groundwater Well 2 1.02 1.11 122 | 0.56 17.42 N N
PZ5D Groundwater Well| 3 0.08 1.10 140 | 1.47 78.85 Y N
PZ8A | Groundwater Well| 1 -1.11 1.20 1.69 | 0.77 53.64 N N
PZ8B Groundwater Well | 2 2.61 2.61 2.73 | 0.57 0.00 N N
PB-1817S |Groundwater Well| 2 0.26 0.40 0.47 | 051 66.67 Y Y
PB-1815S |Groundwater Well | 2 0.15 0.44 0.56 | 0.56 55.00 Y Y
OMS-S | Groundwater Well| 1 0.22 0.28 0.35 | 0.35 67.61 Y Y
PGA-S |Groundwater Well | 1 0.26 0.31 0.44 | 051 68.89 Y Y
PB-1734 |Groundwater Well| 2 0.05 0.19 0.27 | 0.39 82.86 Y Y
PB-1727 |Groundwater Well| 3 0.31 0.63 0.80 | 1.13 80.00 Y Y
PB-1726 |Groundwater Well| 3 0.12 0.49 0.60 | 1.04 91.43 Y Y
ENRO001W1 | Groundwater Well | 1 -0.16 0.24 0.31 | 0.38 81.63 Y Y
SWE2 Wetland Gauge 1 -0.09 0.11 0.15 | 0.29 93.33 Y Y
SWE3 Wetland Gauge 1 -0.12 0.17 022 | 0.19 66.67 N Y
PG17 Wetland Gauge 1 0.07 0.52 0.69 | 0.70 75.00 Y Y
HUS11 Wetland Gauge 1 -1.01 1.27 152 | 1.18 50.00 N N
HUS17 Wetland Gauge 1 1.18 1.33 158 | 1.26 53.00 N N
HUS18 Wetland Gauge 1 0.52 0.86 115 | 1.23 73.00 Y N

Figures 67 and 68 show the spatial distribution of the groundwater monitoring wells and wetland gauges,
respectively, with the calibration status based on the individual water level criteria. Points are represented
in green if calibration targets were met and in red if calibration targets were not met. The size of the points
is proportional to the MAE for each calibration location. The larger the point, the larger the MAE for the
calibration location. Based on Figure 67, there does not appear to be any spatial clustering of bias in
groundwater monitoring wells across the model domain. The four monitor wells that did not meet
calibration criteria are located along canals. If a choice had to be made, the modelers favored better canal
flow calibration over groundwater level calibration due the importance of quantifying flows to meet project
objectives per the Project Delivery Team. Based on Figure 68, there appears to be slight clustering of bias
in wetland gauges within Loxahatchee Slough. This bias may be attributed to the restoration efforts
undertaken by Palm Beach County throughout the calibration period. Loxahatchee Slough South was
restored between 2003 and 2007, with western portions restored between 2005 and 2015. The model
simulated the restored conditions within Loxahatchee Slough, and thus would not be able to adequately
simulate the conditions that existed prior to restoration. Other than the wetland gauges in Loxahatchee
Slough, there does not appear to be any other clustering of bias in wetland gauges across the model domain.
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Figure 67.

Figure 68. Calibration status and mean absolute error of wetland gauges used in LECSR-NP calibration.
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4.3.3 Wetland Rapid Assessment Procedure (WRAP) Cells

Select members of the Ecological Subteam of the Project Delivery Team reviewed the hydrographs and
stage duration curves for the WRAP cells (Appendix C). Hydrographs and stage duration curves were
plotted against model cell topography to determine the percent inundated and to calculate the number of
days during the calibration period that the wetland would be inundated. The model cell topography was
averaged across the 704-foot cells and therefore does not capture the variability in various wetland and
upland areas that may occur in a single cell. To determine if the model cell topography used in the graphics
was appropriate, a combination of field data, best professional judgement, and the SFWMD’s 5-foot LiDAR
data was used. Appendix C shows the 5-foot digital elevation model for each model cell containing a
WRARP cell and shows the variability in ground elevations across each model cell.

Simulated water levels and inundation duration were compared to field assessments for WRAP indicator
regions. Field assessments included a field hydrology score, between 0 and 3, which was converted to an
index score and multiplied by the total number of days during the period of record to determine the number
of days inundated. Field assessment and procedure are discussed in the final report by Ecology and
Environment, Inc. (2004b). Table 18 shows the number of days of inundation for the calibration period
compared to the number of days of inundation predicted by the field hydrology score. Methodology for
determining the number of days from the field hydrology score also is discussed in the report by Ecology
and Environment, Inc. (2004b). Although the WRAP cells did not have a specified calibration criterion, a
20 percent threshold was applied to quantitatively look at the comparison of simulated and field observed
inundation percentages. The Cypress Creek area appears to be simulating drier conditions than the field
observed estimates. Additionally, the Loxahatchee Slough area appears to have some inconsistencies in
performance between simulated and estimated inundation. This could be due to the extensive restoration
conducted by Palm Beach County throughout the calibration period, but after the field measurements were
taken in 2004. Finally, GWP triangle area appears to be simulated as wetter than estimated. This is due to
the construction of the Northlake weir, which is designed to send up to 100 cfs from GWP into the triangle
area whenever the stage in the northern portion of GWP is higher than +19.2 feet NGVD29. The Northlake
weir was constructed in 2006 and not in place when the field estimates were taken. The Ecological Subteam
concluded the WRAP cells performed as expected during the calibration period with the exceptions noted
above.

Table 18.  Field estimated and simulated inundation for Wetland Rapid Assessment Procedure cells.
Field . .
. Field Simulated
. Number of Estimated . oo
Region Indlc_ator WRAP Days Percent Number of Estimated Wlthlr:l 20% of
Region Cell Inundated Percent Field
Inundated Days dated . q
Inundated Inundate Estimate
C-1 C-1 1,542 47% 1,440 44% Y
C-2 C-2E 2,453 75% 2,879 88% Y
Corbett C-3 C-3 140 4% 765 23% Y
C-4 C-4.2 528 16% 1,800 55% N
C-4 C-4.1 1,312 40% 1,800 55% Y
C-5 C-5 570 17% 1,800 55% N
CC-1 CC-1A 3 0% 540 16% Y
Cvoress Creek CC-2 CC-2 0 0% 270 8% Y
p cc3 | cc3A 89 3% 900 21% N
CC4 CC-4.1 0 0% 1,080 33% N
Mecca CM-1 CM-1 832 25% 360 11% Y
CM-2 CM-2 2,302 70% 360 11% N
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Field

) Fiel imul
. Indicator WRAP Va0 Percent Esiimatee Esti rreugted WiSthinuza(l';[‘?/gi of
Region . Days Number of .
Region Cell Inundated Percent Field
Inundated Days .
Inundated Inundated Estimated
Gulfstream GS-1 GS-1 0 0% 360 11% Y
GS-2 GS-2 0 0% 360 11% Y
GWP-1 GWP-1A 2,824 86% 1,148 35% N
Grassy Waters | GWP-2 GWP-2 2,733 83% 1,530 47% N
Triangle GWP-3 GWP-3 2,720 83% 1,530 47% N
GWP-4 GWP-4 2,169 66% 2,295 70% Y
GWP-5 GWP-5.1 1,790 54% 1,913 58% Y
GWP-5 GWP-5.2 1,614 49% 1,913 58% Y
GWP-6 GWP-6 3,035 92% 2,295 70% N
Grassy Waters | GWP-7 GWP-7.1 2,875 87% 2,295 70% Y
Preserve GWP-7 GWP-7.2 2,916 89% 2,295 70% Y
GWP-7 GWP-7.3 2,500 76% 2,295 70% Y
GWP-9 GWP-9 2,714 83% 2,295 70% Y
GWP-10 | GWP-10 3,126 95% 2,295 70% N
H”Sr‘lgry'a”d HS-2 HS-2 2,063 63% 1,800 5506 Y
ough
KC-1 KC-1 657 20% 810 25% Y
Kitching Creek KC-1 KC-1.2 609 19% 810 25% Y
KC-2 KC-2.1 46 1% 1,080 33% N
LS-10 LS-10.1 1,340 41% 2,190 67% N
LS-10 LS-10.2 1,762 54% 2,190 67% Y
LS-2 LS-2 2,436 74% 1,440 44% N
LS-3.1 LS-3.1 948 29% 1,080 33% Y
LS-3.1 LS-3.2 1,215 37% 1,080 33% Y
Loé?gsgchhee LS-4 LS-4 2,678 81% 1,080 33% N
LS-5 LS-5 1,350 41% 1,080 33% Y
LS-6 LS-6A 2,345 71% 1,440 44% N
LS-7 LS-7A 2,239 68% 1,530 47% N
LS-8 LS-8.1 1,724 52% 1,440 44% Y
LS-9 LS-9 2,427 74% 1,440 44% N
Moonshine MC-1 MC-1 0 0% 270 8% Y
Creek

PM-1 PM-1 20 1% 1,080 33% N
PM-1 PM-1.1 112 3% 1,080 33% N
PM-10 PM-10.1 1,185 36% 1,800 55% Y
PM-1 PM-11.2 0 0% 1,080 33% N
Nine Gems PM-2 PM-2 1,350 41% 720 22% Y
PM-2 PM-2.2A 271 8% 720 22% Y
PM-4 PM-4 1,426 43% 1,800 55% Y
PM-5 PM-5.1 16 0% 1,800 55% N
PM-5 PM-5.2A 1,172 36% 1,800 55% Y
Culpepper PM-6 PM-6 98 3% 1,440 44% N
Pine Glades PM-9 PM-9A 3,117 95% 1,440 44% N
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4.3.4 Water Budgets

Annual water budgets for selected areas were used as an overall indicator of bias in the calibration process.
Water budgets were prepared for the four main portions of the study area: GWP, L-8 Basin, C-18 Basin
(C-18/Corbett and Wild and Scenic/Jupiter Farms basins combined), and Flow-way 3 (Pal Mar, Hobe Grove
Ditch, and historical Cypress Creek basins). Water budget values were calculated using the MultiBud
(MBUD) package in MODFLOW (Ecology and Environment, Inc., 2004a). The MultiBud package
calculates the sums of the net flow (as well as inflow and outflow) for all boundary cell faces in a defined
area by stress period in separate reports. The water budget basin boundaries, as defined for MultiBud, are
shown in Figure 52. Annual water budget schematics are provided in Appendix D. Water budget
schematics were created using MODFLOW groundwater terminology to look at inflows and outflows into
each basin. Change in storage also is provided, along with the calculated residual or error term. Table 19
brief describes each of the terms in the water budget schematics. Inflow and outflow terms vary by basin
depending on how various features were simulated. Inflow values are shown in blue, and outflow values
are shown in green. The change in storage is shown in red, and the residual value is highlighted in pink.
Structure flows, contained in yellow boxes, show the simulated average annual structure flow but are not a
part of the water budget equation. All terms are given in units of thousands of acre-feet.

Table 19. Description of MODFLOW terminology used in water budget schematics.

Term Description
AS Change in storage.
GW Sum of groundwater flow in or out of the basin from each of the faces (North, South East, and West).

Movement of water due to diversions. Runoff from ET-Recharge package is added into the
diversions.

Rivers | Inflow or outflow representing baseflow from rivers.
Recharge | Gross groundwater recharge.
ET ET from saturated zone.
Drains | Movement of water out of the basin due to drains.
Boundary | Movement of water due to head-dependent boundary conditions.
Wells | Water removed from the basin for irrigation or public water supply uses.
RDF Movement of water due to reinjection drain flow.
Residual | Term used to quantify the error or closure to achieve mass balance within the basin.

Diversions

ET = evapotranspiration; GW = groundwater; RDF = reinjection drain flow; S = storage.

The C-18 Basin is modeled with a combination of rivers, drains, and diversions. Because RDFs are not
used within the basin, this term does not appear in the water budget. The largest inflow into the basin is
groundwater baseflow from the West face, and the second largest inflow into the basin is gross groundwater
recharge. The largest outflow from the basin is the groundwater base flow from the East face, and the
second largest outflow from the basin is the saturated zone ET. The groundwater baseflows from the East
and West faces are almost equal, with the East face groundwater baseflow out of the basin slightly greater
than the inflow from the West face flow. As expected, there is more groundwater baseflow during the wet
season than the dry season. Recharge also is higher during the wet season due to increased rainfall during
these months. Saturated zone ET is about the same during the wet and dry seasons across the C-18 Basin.
During the wet season, the amount of water moved via drains and diversions is larger than during the dry
season. The overall residual for the C-18 Basin is 0.08, which is several orders of magnitude smaller than
the largest inflow and outflow terms.
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The GWP Basin is modeled with a combination of diversions and RDFs. Drains and rivers are not used
within the basin and, therefore, do not appear in the water budget. The largest inflow into the basin is from
gross groundwater recharge, and the second largest inflow is from diversions. Although diversions are used
to move water into and out of the basin, the net diversion is inflow. This is due to the large amount of water
brought into the GWP Basin from the Control 2 pump station along the M-Canal to meet the City of West
Palm Beach’s PWS demands while maintaining the M-Canal within the GWP Basin at +18.9 feet NGVD29.
The largest outflow from the basin is saturated zone ET, and the second largest outflow from the basin is
from wells, which are used to simulate PWS demand. As expected, during the wet season, gross
groundwater recharge is higher than during the dry season. During the dry season, the PWS demand is
slightly higher than during the wet season; therefore, the inflow from diversions also is higher during the
dry season. The overall residual for the GWP Basin is 0.11, which is several orders of magnitude smaller
than the largest inflow and outflow terms.

The Flow-way 3 Basin is modeled with a combination of rivers, drains, and diversions. Because RDFs are
not used within the basin, this term does not appear in the water budget. The largest inflow into the basin
is the groundwater baseflow from the West face, and the second largest inflow is the gross groundwater
recharge. The largest outflow from the basin is the groundwater baseflow from the East face, and the second
largest outflow from the basin is the drains. The groundwater baseflows from the East and West faces are
almost equal, with the East face groundwater baseflow out of the basin slightly greater than the inflow from
the West face flow. As expected, during the wet season, the gross groundwater recharge and the
groundwater baseflows from the East and West faces are almost double the dry season values. The overall
residual for the Flow-way 3 Basin is 0.07, which is several orders of magnitude smaller than the largest
inflow and outflow terms.

The L-8 Basin is modeled with a combination of rivers, drains, diversions, and RDFs. The largest inflow is
the groundwater baseflow from the West face, and the second largest inflow is from the gross groundwater
recharge. The largest outflow from the basin is the groundwater baseflow from the East face, and the second
largest outflow is from the saturated zone ET. The groundwater baseflows from the East and West faces
are almost equal, with the West face groundwater baseflow out of the basin slightly greater than the inflow
from the East face flow. As expected, during the wet season, the gross groundwater recharge, the
groundwater baseflows from the East and West faces, and the movement of water from the diversions and
RDFs are almost double the dry season values. The overall residual for the L-8 Basin is 0.05, which is
several orders of magnitude smaller than the largest inflow and outflow terms.

Analysis of the water budgets and the residual terms indicates that within the C-18, GWP, Flow-way 3, and
L-8 basins, there is no inherent model bias. The residual values in each basin are several orders of magnitude
smaller than the largest inflow and outflow terms, which indicates the model is performing reasonably well,
especially within these basins.

86



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

4.4 Model Verification

Model verification demonstrates that the calibrated model matches a set of field data independent of the
data used to calibrate the model. In general, model verification is used as a post-audit analysis to check the
model’s performance. In this case, the verification process was conducted to understand the model’s overall
response to a new set of variables without notably altering the primary groundwater model data sets. The
verification period chosen is from January 1, 2000 to December 31, 2005. This period includes average
12-month SPI values of -1.325 and 1.265, indicating there are extreme drought events as well as extreme
rainfall conditions. One of the primary objectives of model verification is to understand the behavior of the
model when two major water control structures (G-160 and G-161) are removed. Understanding model
performance when G-160 and G-161 are removed is critical because the water control structures are not
included in the LRWRP 2014 Existing Base Condition nor the 2070 Future Without Project Condition.
Primary changes made to the model for the verification period also include 1) adjusting groundwater
withdrawals to reflect observed withdrawals experienced during that time frame, and 2) incorporating daily
rainfall and ET observed for the verification period.

In addition to the removal of G-160 and G-161 and other primary changes, changes to land use were
incorporated to account for the restoration undertaken by Palm Beach County, which had not occurred
before 2005. Additionally, large parcels of State-owned lands in the project area had not been acquired;
thus, these parcels were converted to the historical land use.

Calibration criteria remained the same for the flow discharges and water level elevations. The only
deviation in criteria is related to the calculated range for the water level elevations. The maximum and
minimum values used to calculate the range used a combination of the verification and calibration period
of records, from January 1, 2000 through December 31, 2014.

4.4.1 Flow Discharges

There are six flow discharge locations with available data during the verification period. Based on the
verification results (Table 20), all flow discharge structures meet the calibration criteria, as previously
defined. Figures 69 to 80 show the monthly flow hydrographs and the cumulative flow curves for each
discharge location.

Table 20.  Flow structure statistics for the verification period (2000 — 2005).

Monitoring Station R? DV (%) NS

C-18 Weir 0.71 3 0.71

Lainhart Dam 0.80 -6 0.71

S-46 0.85 6 0.82

G-92 0.60 2 0.56

Cypress Creek and Hobe Grove Ditch 0.88 7 0.87
Kitching Creek 0.83 3 0.81

DV = deviation of volume; NS = Nash-Sutcliffe coefficient; R2 = coefficient of determination.
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4.4.1.1 C-18 Weir

Figure 69 shows the monthly flow hydrograph for the verification period at the C-18 weir. The simulated
monthly flows occasionally over- or underestimate the peak flows, but consistently overestimate the low
flows slightly. Based on the cumulative monthly flow curve (Figure 70), the simulated cumulative flow
appears to overestimate historical cumulative flow over the course of the verification period.
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Figure 69. Simulated and historical monthly flow hydrograph for the C-18 weir from 2000 to 2005.
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Figure 70. Simulated and historical cumulative monthly flow curve for the C-18 weir from 2000 to
2005.
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4.4.1.2 Lainhart Dam

Figure 71 shows the monthly flow hydrograph for the verification period at Lainhart Dam. The model
appears to underestimate peak historical monthly flows. Based on the cumulative monthly flow curve
(Figure 72), the model overestimates the historical cumulative flow. This indicates that during the

verification period, although the model appears to under-predict the high peak flows, overall the model
slightly over-predicts flows over Lainhart Dam.
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Figure 71. Simulated and historical monthly flow hydrograph for Lainhart Dam from 2000 to 2005.

250000

200000

(cfs)

150000

100000

Cumulative Flow

50000

[=1 [=] (=1 o = = o) - o o o o o o [12] [a2] = hog < <t ) Ca) [a) 2]

£ 53§ 5 5358 5 5355 53588 553 8¢5 53 %8

E g 50 8 " 08 ™08 >0 8 5 0 =8 5 0
= Simulated Cumulative Flow == Historical Cumulative Flow

Figure 72. Simulated and historical cumulative monthly flow curve for Lainhart Dam from 2000 to
2005.

89



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

4.4.1.3 S-46

Figure 73 shows the monthly flow hydrograph for the verification period at S-46. The simulated and
historical monthly flows generally match, except for high peak events. Based on the cumulative monthly
flow curve (Figure 74), the model occasionally overestimates historical flows at S-46 through early 2004,

Deviations between simulated and historical cumulative flow appear to decrease from mid-2004 through
the end of the verification period.
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Figure 73. Simulated and historical monthly flow hydrograph for S-46 from 2000 to 2005.
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Figure 74. Simulated and historical cumulative monthly flow curve for S-46 from 2000 to 2005.
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4.4.1.4 G-92

Figure 75 shows the monthly flow hydrograph for the verification period at G-92. There does not appear
to be any specific trend of under- or overestimation of the monthly flows. The model occasionally simulates
higher monthly flow than historical conditions, but sometimes the model simulates lower monthly flow
than historical conditions. Additionally, the model did not simulate the reverse flow capabilities of G-92,
and thus will over-predict during months where reverse flow occurred. Based on the cumulative monthly
flow curve (Figure 76), the simulated and historical cumulative flow appear to match very well, with only
very slight deviations and no consistent over- or under-prediction trends throughout the verification period.
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Figure 75. Simulated and historical monthly flow hydrograph for G-92 from 2000 to 2005.
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Figure 76. Simulated and historical cumulative monthly flow curve for G-92 from 2000 to 2005.
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4.4.1.5 Cypress Creek and Hobe Grove Ditch

Figure 77 shows the monthly flow hydrograph for the verification period for Cypress Creek and Hobe
Grove Ditch. Due to the complexity of differentiating contributing areas, the two structures were assessed
together. Additionally, historical data were only available after 2002. There does not appear to be any
specific trend of under- or over-estimation of the monthly flows. The model occasionally simulates higher
monthly flow than historical conditions, but sometimes the model simulates lower monthly flow than
historical conditions. Figure 78 illustrates the cumulative monthly flow curve from 2002 through the end
of the verification period, when historical data are available. Based on the curve, the simulated and historical
cumulative flows appear to match very well, with only very slight deviations and no consistent over- or
under-prediction trends.
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Figure 77. Simulated and historical monthly flow hydrograph for Cypress Creek and Hobe Grove Ditch
from 2000 to 2005.
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Figure 78. Simulated and historical cumulative monthly flow curve for Cypress Creek and Hobe Grove
Ditch from 2002 to 2005.
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4.4.1.6 Kitching Creek

Figure 79 shows the monthly flow hydrograph for the verification period for Kitching Creek. There does
not appear to be any specific trend of under- or overestimation of the monthly flows. The model
occasionally simulates higher monthly flow than historical conditions, but sometimes the model simulates
lower monthly flow than the historical conditions. Based on the cumulative monthly flow curve
(Figure 80), the simulated cumulative flow appears to have some deviations from the historical cumulative
flow. However, there does not appear to be a consistent prediction bias because the cumulative flow can be
under- or over-predicted by the model.
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Figure 79. Simulated and historical monthly flow hydrograph for Kitching Creek from 2000 to 2005.
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Figure 80. Simulated and historical cumulative monthly flow curve for Kitching Creek from 2000 to
2005.
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4.4.2 \Water Level Elevations

For model verification, 44 groundwater monitoring wells were used as indicators of model performance
(Figure 81). Based on the statistics in Table 21, 42 of the 44 wells met the individual well criteria. For
model verification, 26 wetland gauges were used as indicators of model performance (Figure 82). Based
on the statistics in Table 22, 23 of the 26 gauges met the individual gauge criteria. Figures 83 and 84 show
the spatial distribution of the groundwater monitoring wells and wetland gauges used during model
verification. Locations that met criteria are shown in green, while locations that did not meet criteria are
shown in red. There does not appear to be any spatial bias in overall model performance. Hydrographs for
the simulated and historical water levels for the groundwater monitoring wells and wetland gauges are
provided in Appendix E.
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Figure 81. Groundwater monitoring wells used in LECSR-NP verification.
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Figure 82. Wetland gauges used in LECSR-NP verification.
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Table 21. Groundwater monitoring well statistics for the verification period (2000 — 2005).
Mean Water Percent of Celllortion Calibration
Monitor _Mean Absolute Root Mean Level Time Within M‘?t Met
Well Diferenes Difference SHUEIS S0 Stage 20% of the (el (1 foot
(€] (feet) (i) Range Range SIS Criterion)
Criterion)
PB-565_G -0.18 0.73 1.02 1.83 92.62 Y Y
PB-809 -0.27 0.50 0.59 1.37 98.66 Y Y
M-1004 -0.45 0.58 0.68 1.27 97.06 Y Y
M-1024 -0.10 0.44 0.60 1.32 93.88 Y Y
PB-1733 0.55 0.80 0.96 0.85 78.69 Y Y
PB-1732 0.04 0.38 0.54 0.72 95.16 Y Y
PB-1642 -0.13 0.47 0.70 1.53 95.24 Y Y
PB-1734 0.11 0.34 0.45 0.51 98.39 Y Y
PB-1727 -0.09 0.57 0.70 1.28 96.77 Y Y
PB-1726 -0.44 0.72 0.86 1.08 88.71 Y Y
PB-1649 -0.20 0.32 0.40 1.17 100.00 Y Y
M-1261 -0.25 1.12 1.38 1.80 79.52 Y N
M-1071 0.11 0.50 0.62 1.12 91.44 Y Y
M-1072 0.14 0.50 0.63 1.10 89.63 Y Y
M-1083 -0.17 0.39 0.51 0.88 97.06 Y Y
M-1086 -0.64 0.79 1.01 151 83.46 Y Y
M-1088 -0.55 0.74 0.92 1.49 89.37 Y Y
M-1096 0.45 0.52 0.63 0.89 81.62 Y Y
M-1234 -0.02 0.39 0.58 1.45 96.82 Y Y
PB-1525 0.23 0.33 0.74 0.97 92.12 Y Y
PB-1548 -0.63 0.81 1.00 1.32 81.10 Y Y
PB-1613 -0.13 0.23 0.29 1.06 100.00 Y Y
PB-1615 -0.04 0.19 0.26 1.06 99.90 Y Y
PB-1648 0.68 0.74 0.87 1.26 85.43 Y Y
PB-1662 1.08 1.08 1.16 0.92 37.32 N N
PB-561 0.32 0.57 0.68 1.16 92.51 Y Y
PB-685 -0.24 0.81 1.03 1.33 84.31 Y Y
PB-689 0.59 0.59 0.68 0.90 83.60 Y Y
WTVW 0.18 0.32 0.41 0.84 94.84 Y Y
PB-831 0.39 0.55 0.75 0.97 81.49 Y Y
PB-880 0.30 0.33 0.41 0.83 93.94 Y Y
PB-99 -0.65 0.71 0.84 1.25 87.83 Y Y
JD-12 -0.45 0.70 0.89 1.14 80.29 Y Y
JD-26 -0.64 0.99 1.16 1.14 99.77 Y Y
JD-6 -0.75 1.09 1.25 1.17 60.68 N N
JDSPMW1G 0.23 0.59 0.75 1.20 86.96 Y Y
JDSPMW3G 0.06 0.56 0.69 1.31 96.62 Y Y
PGAWO02D -0.47 0.47 0.47 1.07 100.00 Y Y
PGAWO02S -0.05 0.05 0.06 1.04 100.00 Y Y
PGAWO03D -0.62 0.62 0.62 1.11 100.00 Y Y
PGAWO03S -0.64 0.64 0.65 1.08 100.00 Y Y
PGAWO04 -0.56 0.56 0.57 1.19 100.00 Y Y
PGAWO05 -0.16 0.16 0.20 1.18 100.00 Y Y
WPBWCA -0.05 0.44 0.56 0.73 82.72 Y Y
Overall -0.09 0.57 0.70 1.15 90.13 95.45% 93.18%
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Table 22. Wetland gauge statistics for the verification period (2000 — 2005).
Percent of CelllareLion L
Wetland Mean Error EL REIIEE Water Level | Time Within M?t el
Gauge (feet) EAbsolute Square Error Stage Range | 20% of the (Individual Met_(il_ foot
rror (feet) (feet) Range Stage Criterion)
Criterion)
DUPUIS1 -0.25 0.56 0.68 0.86 73.08 Y Y
DUPUIS2 -0.54 0.72 0.86 0.88 59.40 Y Y
DUPUIS4 0.22 1.26 1.49 1.47 69.11 N N
Lox East -0.54 0.55 0.62 0.81 81.87 Y Y
Lox West -1.28 1.28 1.29 0.84 0.00 N N
PG1 0.03 0.29 0.32 0.95 100.00 Y Y
PG2 -0.10 0.43 0.56 1.22 100.00 Y Y
PG4 0.31 0.31 0.34 0.92 100.00 Y Y
PG5 0.73 0.79 0.83 1.01 87.50 Y Y
PG6 -0.32 0.52 0.65 1.38 100.00 Y Y
PG7 -0.49 0.69 0.77 1.38 100.00 Y Y
PG8 -0.48 0.68 0.77 1.42 100.00 Y Y
PG9 -0.61 0.71 0.98 1.46 85.71 Y Y
PG10 -1.52 1.58 1.95 151 57.14 N N
HUS1 0.04 0.46 0.67 1.02 81.82 Y Y
HUS2 0.06 0.40 0.58 1.02 90.91 Y Y
HUS3 -0.15 0.31 0.38 1.03 100.00 Y Y
HUS4 -0.09 0.56 0.71 0.95 81.82 Y Y
HUS5 -0.38 0.45 0.53 0.85 90.91 Y Y
HUS6 -0.28 0.55 0.59 1.05 100.00 Y Y
HUS7 0.07 0.54 0.74 0.90 81.82 Y Y
HUS8 -0.27 0.43 0.53 0.84 90.91 Y Y
HUS9 -0.03 0.52 0.61 0.81 81.82 Y Y
HUS10 0.49 0.69 0.79 0.97 72.73 Y Y
HUS11 -1.01 1.01 111 1.18 72.73 Y N
HUS12 -0.26 0.61 0.78 1.27 90.91 Y Y
Overall -0.26 0.65 0.77 1.08 82.70 88.46% 84.62%
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Figure 83. Status and mean absolute error for groundwater monitoring wells used in LECSR-NP

verification.
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Figure 84. Status and mean absolute error for wetland gauges used in LECSR-NP verification.
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4.5 Sensitivity Analysis

Sensitivity analysis is a part of model calibration used to evaluate model input parameters to determine how
they impact model outputs such as heads and flows. Sensitivity analysis is essential to understanding the
simulated system, and results from the sensitivity analysis determine which model input parameters will be
most important to making the simulated heads and flows match observed values (Reilly and Harbaugh,
2004).

45.1 Parameters and Methodology

Manual sensitivity analysis was used to determine which model input parameters were most sensitive within
the model domain. During the sensitivity analysis, one parameter was changed at a time so the effect of its
variations on the model could be individually assessed. Parameter ranges were varied within acceptable
ranges based on the data range for each parameter.

The sensitivity analysis for the LECSR-NP was used to determine which parameters were most sensitive
to the simulated heads at the groundwater monitoring well and wetland gauge calibration locations. The
sensitivity analysis also was used to determine which parameters were most sensitive to the simulated flows
at the flow discharge locations. Table 23 shows the model input parameters used in the sensitivity analysis
and the different multipliers that were tested for each parameter. The tested parameters include vertical
hydraulic conductivity in Layers 1 and 2; horizontal hydraulic conductivity in Layers 1, 2, and 3;
conductance values for drains, rivers, and GHB cells; specific yield; groundwater recharge; and saturated
zone ET. For each parameter, several model runs were completed using various multipliers (Table 23). The
simulation period for the sensitivity analysis is from January 1, 2006 to December 31, 2014, which is the
same as the calibration period for the LECSR-NP.

Table 23.  Parameters and multipliers of sensitivity analysis for the LECSR-NP.

Parameters Multipliers
Vertical Hydraulic Conductivity Layer 1 0.1 0.2 0.5 2 5 10
Vertical Hydraulic Conductivity Layer 2 0.1 0.2 0.5 2 5 10
Horizontal Hydraulic Conductivity Layer 1 0.1 0.2 0.5 2 5 10
Horizontal Hydraulic Conductivity Layer 2 0.1 0.2 0.5 2 5 10
Horizontal Hydraulic Conductivity Layer 3 0.1 0.2 0.5 2 5 10
Drain Conductance 0.01 0.1 10 100
River Conductance 0.01 0.1 10 100
General Head Boundary Conductance 0.01 0.1 10 100
Saturated Zone Evapotranspiration 0.8 0.9 11 1.2
Recharge 0.8 0.9 11 1.2
Specific Yield 0.5 0.75 1.25 15

Note: Blank cells are present for parameters that only had four test runs.

45.2 Sensitivity Results

After each sensitivity run, simulated heads were compared to observed heads for the simulation period at
58 groundwater monitoring wells and 61 wetland gauges (119 monitoring locations total). The MAE was
calculated for each site, while the average MAE was calculated for the groundwater monitoring wells and
wetland gauges separately as well as for the overall model. The average MAE at a multiplier of 1 shows
the value for the calibrated model, which is used to compare the sensitivity run performance to the model
calibration. Table 24 shows the average MAE for the groundwater monitoring wells and the wetland gauges
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as well as the overall MAE for each sensitivity run and the model calibration. Table 24 also shows the
frequency distribution for the 119 monitoring locations. Additionally, the simulated flows were compared
to the observed flows for the simulation period at 7 discharge locations. The R? was calculated for each
location. The R? value at a multiplier of 1 shows the value for the calibrated model, which is used to compare
the sensitivity run performance to the model calibration. Table 25 shows the R? values for each sensitivity
run.

Horizontal hydraulic conductivity values for Layers 1, 2, and 3 were varied between 0.1 and 10 times the
calibrated values. Changes in model performance can be seen in Tables 24 and 25. Figure 85 shows the
sensitivity of the performance of groundwater monitoring wells to changes in the horizontal hydraulic
conductivity values for the three layers of the LECSR-NP. Overall, increases and decreases to the horizontal
hydraulic conductivity in Layer 2 resulted in substantial increases in the MAE for both the groundwater
wells and the wetland gauges, up to 0.72 and 0.48 feet, respectively. More extreme changes in the horizontal
hydraulic conductivity of Layer 2 caused decreases in the R? value at Cypress Creek and Hobe Grove Ditch
(change of 0.07) and at Kitching Creek (change of 0.18). The model appears to be sensitive in the
groundwater monitoring wells, wetland gauges, and flows at Cypress Creek, Hobe Grove Ditch, and
Kitching Creek to changes in the horizontal hydraulic conductivity of Layer 3 for more extreme values as
well; however, the change in MAE is not as drastic as the changes shown in Layer 2 (change of 0.25 feet
in MAE for groundwater monitoring wells, change of 0.18 feet in MAE for wetland gauges, change of
0.06 in R? for Cypress Creek and Hobe Grove Ditch and change of 0.05 in R? for Kitching Creek). Both
increases and decreases to hydraulic conductivity values in Layer 1 appear to have minimal impact on
overall model performance in simulated heads and flows.

Drain conductance values across the entire model domain were varied between 0.01 and 100 times the
calibrated conductance values. Changes in model performance can be seen in Tables 24 and 25. Figure 86
shows the sensitivity of the performance for the wetland gauges to changes in the drain conductance values
across the model domain. Overall, increases and decreases to the drain conductance resulted in substantial
increases in the MAE (more than 0.5-foot change for each sensitivity run in the MAE for groundwater
monitoring wells and 0.19-foot change for the wetland gauges). Changes to the drain conductance value
also caused a decrease in the R? values for Cypress Creek, Hobe Grove Ditch, and Kitching Creek. For
these locations, the R?value changed by a maximum of 0.54 for Cypress Creek and Hobe Grove Ditch and
0.2 for Kitching Creek. Decreases to the drain conductance also caused a maximum decrease in the R?value
of 0.28 for Lainhart Dam.

GHB conductance values across the entire model domain were varied between 0.01 and 100 times the
calibrated conductance values. Changes in model performance can be seen in Tables 24 and 25. Figure 87
shows the sensitivity of the performance for the groundwater monitoring wells to changes in the GHB
conductance values across the model domain. Increases and decreases to the GHB conductance term
typically caused an increase in the overall MAE of the groundwater monitoring wells. When the
conductance was multiplied by 0.01, the MAE decreased 0.14 feet; however, this appears to be an anomaly.
The MAE of the wetland gauges did not change due to changes in GHB conductance. Changes in GHB
conductance did not impact any of the flow discharge locations. This may be attributed to the wetland gauge
and flow discharge locations being farther away from the GHB cells compared to the groundwater
monitoring well locations.
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Table 24.

Frequency distribution of mean head residuals based on 58 groundwater monitoring wells and 61 wetland gauges.

Sensitivity Run

Multiplier

Mean Absolute Error (feet)

Class Observation Frequency

Monitoring

Wetland

Overall | <025 | 0.25-05 | 0.5-0.75 | 0.75-1.00 | 1.00-1.25 | 1.25-1.50 | >1.5
Wells Gauges

Calibration x1 0.56 0.68 0.62 0 35 58 17 7 2 0
x10 1.25 0.82 1.04 0 30 48 17 7 3 14

Drain Conductance x100 1.29 0.84 1.06 0 29 47 18 7 3 15
x0.1 16.03 0.74 8.39 0 27 52 16 11 2 11

x0.01 1.01 0.87 0.94 0 27 46 18 11 5 12

x10 0.66 0.68 0.67 0 34 57 15 8 2 3

Sgﬂﬁﬁr;‘ew x100 0.73 0.68 0.71 0 35 55 16 7 2 4
Conductance x0.1 0.60 0.68 0.64 0 35 55 17 8 3 1
x0.01 0.80 0.68 0.74 0 30 51 21 10 5 2

x10 0.57 0.68 0.62 1 34 56 19 8 1 0

River Conductance x100 0.58 0.68 0.63 1 33 57 18 8 2 0
x0.1 0.61 0.69 0.65 0 33 56 18 8 2 2

x0.01 0.69 0.70 0.70 0 33 56 16 6 2 6

x2 0.56 0.68 0.62 0 36 56 19 5 3 0

Horizontal x0.5 0.56 0.68 0.62 0 36 56 18 8 1 0
Hydraulic x5 0.58 0.70 0.64 0 35 56 19 5 4 0
Conductivity — x0.2 0.56 0.68 0.62 0 37 55 18 8 1 0
Layer 1 x10 0.62 0.71 0.66 0 31 58 17 7 4 2
x0.1 0.56 0.68 0.62 0 37 55 18 8 1 0

x2 0.64 0.73 0.69 0 32 54 21 8 2 2

Horizontal x0.5 0.72 0.68 0.70 0 31 52 22 9 1 4
Hydraulic x5 0.92 0.92 0.92 0 25 36 24 8 14 12
Conductivity — x0.2 1.05 0.69 0.87 0 27 49 18 12 5 8
Layer 2 x10 1.20 1.16 1.18 0 18 35 15 12 7 32
x0.1 1.28 0.71 0.99 0 25 48 19 13 3 11
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Mean Absolute Error (feet)

Class Observation Frequency

Sensitivity Run | Multiplier | Monitoring | Wetland | oy | <025 | 02505 | 05-0.75 | 0.75-1.00 | 1.00-1.25 | 1.25-150 | >15
Wells Gauges

X2 0.57 0.69 0.63 0 36 56 19 5 3 0
Horizontal x0.5 0.58 0.68 0.63 0 33 56 19 10 1 0
Hydraulic x5 0.66 0.76 0.71 0 27 54 21 9 4 4
Conductivity — x0.2 0.63 0.69 0.66 0 35 51 20 8 4 1
Layer 3 x10 0.81 0.86 0.83 1 21 47 24 10 5 11
x0.1 0.65 0.69 0.67 0 36 48 21 8 4 2
x2 0.57 0.68 0.62 0 36 57 17 6 3 0
_ _ x0.5 0.56 0.68 0.62 0 36 56 18 7 2 0
gg;téﬁ'ﬁ'\mgrfu“c x5 057 069 | 063 0 33 58 19 6 3 0
Layer 1 x0.2 0.57 0.68 0.63 0 36 55 17 9 2 0
<10 0.58 0.69 0.63 0 33 58 19 6 3 0
x0.1 0.60 0.69 0.64 1 34 54 17 10 2 1
x2 0.56 0.68 0.62 0 35 58 18 5 3 0
_ _ x0.5 0.56 0.68 0.62 0 35 57 18 7 2 0
Xg;téff‘c'ﬂ':'/ﬁgrfu“c x5 057 068 | 062 0 34 58 19 5 3 0
Layer 2 x0.2 0.56 0.68 0.62 0 38 54 18 7 2 0
x10 0.57 0.68 0.63 0 34 58 19 5 3 0
x0.1 0.57 0.68 0.62 0 36 55 18 8 2 0
x1.1 0.61 0.71 0.66 0 27 56 28 6 2 0
Recharge x1.2 0.7 0.77 0.74 0 23 46 29 14 6 1
x0.9 0.58 0.72 0.65 0 36 48 23 9 1 2
x0.8 0.68 0.84 0.76 0 26 44 25 16 3 5
x1.1 0.55 0.69 0.62 0 37 55 20 4 2 1
Saturated Zone x1.2 0.56 0.72 0.64 0 38 48 25 4 3 1
Evapotranspiration x0.9 0.59 0.7 0.65 0 29 60 20 9 1 0
x0.8 0.63 0.75 0.69 0 28 53 23 9 5 1
x0.1 057 0.69 0.63 1 29 63 18 5 3 0
Specific Yield x0.15 0.56 0.68 0.62 0 32 61 17 6 3 0
x0.25 0.57 0.68 0.63 0 35 57 18 7 2 0
x0.3 0.58 0.68 0.63 0 2 46 24 10 2 5
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Table 25.  Coefficient of determination (R?) values for sensitivity runs at seven discharge locations.
Sensitivity Run | Multiplier | <710 | G-160 | S-46 | G-g2 | Ahart | Cypress Creekand | Kiching
Calibration x1 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79

x10 056 | 0.75 | 0.84 | 0.74 0.83 0.34 0.66

Drain Conductance 100 | 056 | 0.74 | 0.83 | 0.74 0.83 0.3 0.61
x0.1 | 057 | 075 | 0.82 | 0.02 0.54 0.19 0.72

x0.01 | 057 | 0.74 | 0.82 | 0.74 0.72 0.69 0.59

x10 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79

ggzﬁﬁr;'ead x100 | 057 | 0.76 | 085 | 0.74 | 082 0.73 0.79
Conductance x0.1 | 057 | 076 | 085 | 0.74 0.82 0.73 0.79
x0.01 | 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79

x10 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79

River Conductance 100 | 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79
x0.1 | 057 | 076 | 085 | 0.74 0.82 0.73 0.79

x0.01 | 057 | 0.76 | 0.86 | 0.74 0.82 0.73 0.79

x2 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79

Horizontal x05 | 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79
Hydraulic x5 057 | 0.76 | 0.86 | 0.74 0.82 0.72 0.79
Conductivity — x02 | 057 | 076 | 0.85 | 0.74 0.82 0.73 0.79
Layer 1 x10 057 | 0.76 | 0.86 | 0.74 0.82 0.71 0.79
x0.1 | 057 | 076 | 085 | 0.74 0.82 0.73 0.79

x2 057 | 0.76 | 0.86 | 0.74 0.82 0.71 0.78

Horizontal x05 | 057 | 075 | 085 | 0.74 0.82 0.74 0.78
Hydraulic x5 057 | 0.78 | 0.87 | 0.74 0.82 0.68 0.73
Conductivity — x02 | 057 | 075 | 085 | 0.74 0.82 0.74 0.77
Layer 2 x10 057 | 079 | 0.86 | 0.73 0.82 0.66 0.61
x0.1 | 057 | 075 | 084 | 073 0.82 0.74 0.77

x2 057 | 0.76 | 0.85 | 0.74 0.82 0.71 0.78

Horizontal x05 | 057 | 076 | 085 | 0.74 0.82 0.74 0.79
Hydraulic x5 056 | 0.76 | 0.85 | 0.74 0.82 0.69 0.77
Conductivity — x0.2 | 056 | 076 | 085 | 0.74 0.82 0.74 0.79
Layer 3 x10 056 | 077 | 0.85 | 0.74 0.82 0.67 0.74
x0.1 | 056 | 076 | 085 | 0.74 0.82 0.74 0.79

x2 057 | 0.76 | 0.85 | 0.74 0.82 0.72 0.79

_ _ x05 | 057 | 076 | 085 | 0.74 0.82 0.73 0.79

\c’ﬁﬁtéﬁftsﬁgrf”"“‘ x5 | 057 | 076 | 085 | 0.74 | 082 0.72 0.79

Layer 1 x0.2 | 056 | 076 | 085 | 0.74 0.82 0.74 0.79
x10 057 | 0.76 | 0.86 | 0.74 0.82 0.72 0.79

x0.1 | 056 | 076 | 085 | 0.74 0.82 0.74 0.79

x2 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79

_ _ x05 | 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79
gg:&‘t’i'ti'\*/?@rf”"c x5 | 057 | 0.76 | 085 | 0.74 | 082 073 0.79
Layer 2 x02 | 057 | 076 | 0.85 | 0.74 0.82 0.73 0.79
x10 057 | 0.76 | 0.85 | 0.74 0.82 0.73 0.79

x0.1 | 056 | 076 | 0.85 | 0.74 0.82 0.73 0.79
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Sensitivity Run | Multiplier | <710 | G160 | S-46 | G-z | WAt | Cybress Creecand ) Kiching
x11 | 06 | 074 | 083 | 0.73 | 082 0.78 08
Recharge x12 | 062 | 069 | 079 | 0.72 | 081 081 081
x09 | 053 | 076 | 085 | 0.74 | 082 0.64 0.76
x0.8 | 048 | 075 | 082 | 0.72 | 08 058 073
x11 | 055 | 076 | 086 | 0.74 | 082 069 0.78
Saturated Zone x12 | 053 | 076 | 0.85 | 073 | 0.82 0.66 0.78
Evapotranspiration x0.9 059 | 075 | 0.85 | 0.74 0.82 0.76 0.79
x08 | 06 | 074 | 083 | 073 | 081 0.79 0.79
x0.1 | 057 | 076 | 0.85 | 074 | 081 075 0.79
Specifc Yield x0.15 | 057 | 0.76 | 085 | 0.74 | 0.82 0.74 0.79
x0.25 | 057 | 0.76 | 085 | 0.74 | 0.82 0.71 0.79
x03 | 057 | 0.76 | 085 | 0.74 | 082 069 0.79

Groundwater recharge and saturated zone ET values across the entire model domain were varied between
0.8 and 1.2 times the calibrated values. Changes in groundwater recharge caused slight increases in the
MAE of the groundwater monitor wells and wetland gauges (maximum change of 0.14 feet for groundwater
monitoring wells and 0.16 feet for wetland gauges). Changes in groundwater recharge also caused changes
in R? values at the C-18 weir, Cypress Creek, Hobe Grove Ditch, and Kitching Creek. Increases in
groundwater recharge caused increases in R? values for the C-18 weir, and Cypress Creek by a maximum
of 0.05 and caused decreases in R? for G-160 and S-46 by 0.05. Decreases in groundwater recharge caused
decreases in R? values for the C-18 weir, Cypress Creek and Hobe Grove Ditch, and Kitching Creek by
approximately 0.06. Changes in saturated zone ET caused slight increases in the MAE of monitoring wells
and wetland gauges. The maximum change in the groundwater monitoring wells is 0.07 feet and the
maximum change in the wetland gauges is 0.07 feet. Increases in saturated zone ET caused a decrease in
the R? value at the C-18 weir and at Cypress Creek and Hobe Grove Ditch by 0.04 and 0.07, respectively.
Decreases in saturated zone ET caused increases in the R® value at the C-18 weir and at Cypress Creek and
Hobe Grove Ditch by 0.03 and 0.06, respectively.

Overall, based on the results of the sensitivity analysis, the model is most sensitive to hydraulic conductivity
in Layers 2 and 3, drain conductance, GHB conductance, groundwater recharge, and saturated zone ET.
The LECSR-NP does not appear to be sensitive to specific yield, river conductance, or vertical hydraulic
conductivity. Additionally, comparing the overall MAE for the calibration and sensitivity runs, the
minimum MAE is 0.62 feet, which occurs for the calibration and sensitivity runs on model parameters that
do not impact calibration statistics. While there may be instances when a sensitivity run might appear
superior to the calibration run for one or more parameters, the chosen calibration run was superior when
considering the MAE and R? for all parameters. During the calibration process, horizontal hydraulic
conductivity and conductance values typically were varied to attain the best model performance. Low
confidence in the conductance values due to a lack of field data justified using a range of values to achieve
the best calibration performance. Due to the high confidence in rainfall and reference ET data and in
AFSIRS and the ET-Recharge-Runoff Program, groundwater recharge and saturated zone ET inputs were
not altered. Localized changes that impact groundwater recharge and saturated zone ET occurred during
creation of the ET and recharge inputs by varying curve numbers for a given land use.
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Figure 85. Sensitivity of simulated heads to changes in horizontal hydraulic conductivity in groundwater
monitoring wells.
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Figure 86. Sensitivity of simulated heads to global changes in drain conductance in wetland gauges.
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Figure 87. Sensitivity of simulated heads to global changes in general head boundary conductance in
groundwater monitoring wells.

5. CONCLUSIONS

The LECSR-NP is a well calibrated subregional hydrologic model based on MODFLOW (McDonald and
Harbaugh, 1988; Harbaugh and McDonald, 1996) that will be used to support a detailed planning-level
analysis of system responses for formulation and evaluation for the LRWRP of the Comprehensive
Everglades Restoration Plan (CERP). This report serves as documentation of the model development and
calibration process. The model itself should be used within the boundaries of this project in regards to
project assumptions, goals, and objectives. Application of the model to other projects will depend on several
factors, including a project’s modeling objectives, and should be reviewed on a case-by-case-basis for each
modeling request.

The LECSR-NP more than adequately met the calibration targets selected for this project’s goals. The
model shall not be applied for more detailed engineering analyses, such as flood events or canal and pump
sizing. Model results are to be evaluated comparatively (i.e., evaluating the relative difference between two
simulations) for predictions; results from a particular simulation should not be taken as absolutes.

51 Limitations

The LECSR-NP assumes constant fluid density, no transport, and no hydraulic routing. The model lacks
canal-sizing capabilities and assumes canals have the capacity to route flows.

For the LRWRP area, improvements were made for lumped hydrologic routing in order to route basin
runoff (with the Muskingum hydrologic routing procedure) to canals. The hydrologic routing for runoff is
not coupled to MODFLOW, which is a limitation. However, an iterative process was used to account for
the total runoff and canal baseflow during calibration and application.
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The Wetland package was used to route water along canals, making use of preferential flow paths. The
Wetland package was developed for routing overland flows using the Kadlec equation but was not designed
to route open-channel flows.

Land use in northern Palm Beach County has been substantially altered during the past decade due to
urbanization and ongoing restoration projects. Currently, the LECSR-NP uses a single land use year (2013)
for the entire calibration period. Therefore, accurately simulating overland flow processes, including
estimating runoff and recharge in areas where land use has changed, is challenging.

The LECSR-NP does not simulate the regional water management system. Historical data were used to
simulate boundary conditions to reflect the response of the regional system. However, internal project
features such as the L-8 Reservoir, C-18 Basin, and GWP do not use internal boundary conditions.

Moreover, executing the true operational intent of the project is limited by factors such as model source
code flexibility and scale. Simplified assumptions were made to mimic complex system interactions while
preserving operational intent.
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APPENDIX A: GROUNDWATER WELLS
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for OMN-D.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for OMN-S.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for OMS-D.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-1525.

Figure A-31.

PB-1548

= Cgl = N
™~ — =l

(aA9N W) =8e1s

r102/8/6
¥10¢/6/S
¥10Z/4/1
€10?/2/6
€10¢/8/s
€102/9/1
z102/9/6
z1o0e/2/s
Z102/9/1
1102/9/6
T10¢/t/s
1102/5/1T
0T0Z/5/6
0t0¢/9/s
0T0e/v/1T
600Z/¥/6
6002/5/5
6002/c/T
R00¢/c/6
800Z/¥/S
8007/€/T
£00¢/c/6
£00¢/v/s
£002/2/1T
900¢/2/6
Q00¢/c/s
200¢/T/1

—Simulate d

==f==Historical

Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-1548.

Figure A-32.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-1613.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-1615.

Figure A-34.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-1648.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-1649.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-1662.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-561.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-565.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-685.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-689.

Figure A-44.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-8009.

Figure A-45.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-831.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-880.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PGAWO02S.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PGAWO03S.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PGAWO04.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PGAWO5.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for WPBWCA.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for ENROO1W1 (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for OMS-S (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)
for PB-1726 (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)
for PB-1727 (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)
for PB-1734 (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)
for PB-1815S (sequestered station).

Figure A-64.
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PB-1817S (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PGA-S (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PMW-103L (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PMW-103U (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PMW-106L (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PMW-1L (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)
for PMW-1U (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PZ5B (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PZ5C (sequestered station).

Figure A-73.

PZ5D

o Cel o Tyl
1 1

(QADN W) 98e1s

=
N

v10Z/<1/8
vioz/cefe
cT0T/TE/0T
£10Z/01/9
CT0Z/8T/T
T0Z/8¢/8
210t/ /Y
TT0Z/9T/TT
T10Z/9¢/9
T102/c/2
0T0Z/€T/6
0T0Z/CT/ ¥
600Z/T/CT
600Z/TT/¢
600Z/8T/¢
R00Z/8¢/6
800%/8/S
L00T/LT/CT
L002/Le/t
£00T/9/¢
9002/ T/0T
aQoz/ve/s
900%/T/T

—Simulated

e Historical

Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PZ5D (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PZ8A (sequestered station).
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Historical and simulated groundwater monitoring well stage hydrograph (2006 — 2014)

for PZ8B (sequestered station).
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APPENDIX B: WETLAND GAUGES
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for

CYCHYSTGO10.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for

CYCHYSTGLR2.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for Dupuisl.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for Dupuis2.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for Dupuis4.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for ELUCK.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS2.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS3.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUSA4.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUSS.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS?7.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUSS.

Figure B-22.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUSO.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS10.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS12.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS13.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS14.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS15.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS16.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for Lox_East.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for Lox_West.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for MROMA.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for NE.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for NROMA.

Figure B-34.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PC17-A.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PC17-B.

Figure B-36.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-1.

(aADN 1) a8e1s

Figure B-37.

rroz/ct/8
vroz/cz/c
£T0Z/TE/0T
£T0Z/0T/9
€TO0T/BT/T
7T07/8¢/8
Z10zg/L/Y
TT0Z/9T/TT
TT07/9Z/9
T102/€/2
0T0Z/ET/6
0T0T/CT /Y
600¢/1/CT
600¢/TT/¢
600¢/81/¢
2007/8¢/6
R007/8/9
L00T/LT/ET
Looe/teft
£00Z/9/¢
900Z/rT/0T
Q00¢/¥e/s
200¢/1/1

o Simulated
B-19

=== Historical
Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-2.

Figure B-38.



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

PG-4

WS N D WD
NN N NN o e e

(aADN 1) a8e1s

rroz/ct/8
vroz/cz/c
£T102/TE/0T
£T0Z/0T/9
€T0Z/BT/T
710Z/8¢/8
e10e/L/Y
TT0Z/9T/TT
TT0Z/97/9
T102/€/¢
0T0Z/€T/6
0T0Z/Ce /¥
600Z/1/CT
600Z/TT/¢
600Z/81/¢
200Z/8¢/6
R00¢/8/S
L00T/LT/ET
Loogiteft
£00T/9/¢
900¢/rT/0T
Q00Z/¥e/s
200¢/1/1

o Simulated

=== Historical

2014) for PG-4.

Historical and simulated wetland gauge stage hydrograph (2006 —
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-5.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-6.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-7.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-8.
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e Historical

Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-9.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-10.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-11.

Figure B-46.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-12.
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e Historical

Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-13.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-14.

Figure B-49.

PG-15

=t
™

™~
™~

o W W =
L I I |

(aADN W) 38e1s

™~
—

=
—

¥10Z/cT/8
v1oz/ce/c
£10Z/1/01
¢T0¢/0T/9
£T0Z/8T/T
7102/8¢/8
710¢/t /v
TT0Z/9T/TT
TT0E/9¢/9
T10Z/5/C
0T0E/<T/6
oToE/ce /v
6002/T/CT
600T/TT/L
600Z/8T/¢
8007/8¢/6
8002Z/8/S
L00Z/LT/TT
00T/ e/t
£00Z/9/¢
Q00Z/¢1/0T
Q00¢/ve/s
200Z/T/1T

—— Simulated

e Historical

Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-15.

Figure B-50.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-16.
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e Historical

Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for SHCN.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for SHCS.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for SHCW.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for SROMA.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for SW.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for SWE2

(sequestered location).
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for PG-17

(sequestered location).
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS11

(sequestered location).

Figure B-65.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS17

(sequestered location).

Figure B-66.
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Historical and simulated wetland gauge stage hydrograph (2006 — 2014) for HUS18
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APPENDIX C: WRAP CELLS

Stage Hydrograph for C-1
Elevation: 20.17 ft, NGVD29
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Figure C-3. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell C-1.
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Stage Hydrograph for C-2E
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Stage Hydrograph for C-3
Elevation: 20.14 ft, NGVD29
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Figure C-7. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell C-3.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
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Figure C-9.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell C-3.
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Stage Hydrograph for C-4.1
Elevation: 21.96 ft, NGVD29
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Figure C-10. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell C-4.1.
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Figure C-12.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell C-4.1.
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Stage Hydrograph for C-4.2

Elevation: 24,70 ft, NGVD29
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Figure C-13. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell C-4.2.
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Figure C-14. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell C-4.2.
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Figure C-15. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell C-4.2.
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Stage Hydrograph for C-5
Elevation: 25.17 ft, NGVD29
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Figure C-16. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell C-5.
Duration Curve for C-5
Elevation: 25.17 ft, NGVD29
26.0 === calibration
I'. — Blevation
55 S
’c-; I - —
8 T
5 250 e
= Tl
€ 1 T I
3 Tl
2 s B - )
2
g 24.0 -
235 k
0 10 0 3 40 so 60 0 80 e 100
Percent Time Equaled or Exceeded
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Stage Hydrograph for CC-1A
Elevation: 6.50 ft, NGVD29
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Figure C-19. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell CC-1A.
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Figure C-20. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell CC-1A.
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Figure C-21. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell CC-1A.
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Stage Hydrograph for CC-2
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
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Figure C-24. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell CC-2.
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Stage Hydrograph for CC-3A
Elevation: 16.05 ft, NGVD29
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Figure C-25. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell CC-3A.
Duration Curve for CC-3A
Elevation: 16.05 ft, NGVD29
16.5 === calibration
— Eevation
16.0 .
wssf T
_ 150
o
E 14.5
S 14
]
Z 140
£
= 135
L
T
E 13.0
2 12s
£
8§ 120
11.5
11.0
+ + + + + + + + + + + + + + + + -+ +

Figure C-26.

|
10 20 30 40 50 60 70 100

Percent Time Equaled or Exceeded

Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell CC-3A.

C-17




MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

LRWRP Topo Map Legend

VRAP_ColiTope [ exomme: -2 [0 moomoos: -2
5 x5 ft DEM (NGVD29) I e i
Zewcremis Bl oo o2 [ ] moomoo - [ @ ouoooon - 24
T piane o ecion, Tlids s ssoe, HNADEL-HATN, LS feet e -+ [ zoomone - [ s cocmone -
South Florida 'Watsr Management Distriot il oo e :l 14 O0oImas - | -mnnmwu- -z
2301 GunClub Rd, Wesi Paim Esach, Flonds 13408 D'unummu- o
(62 1) S23-2200; www.sfwmd.gov
Domumant Fath: Vadate o yihon Trairing! T

Caar e kg Mg Frosuced on Dabe: 220224 TEIFM

Figure C-27. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell CC-3A.
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Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP

cell CC-4.1.
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Figure C-30.
cell CC-4.1.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
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Stage Hydrograph for CC-4.2
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Figure C-31. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell CC-4.2.
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Figure C-32. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell CC-4.2.
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Figure C-33. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell CC-4.2.
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Stage Hydrograph for CM-1
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Figure C-34. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell CM-1.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell CM-1.
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Figure C-36.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell CM-1.
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Stage Hydrograph for CM-2
Elevation: 19.34 ft, NGVD29
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Figure C-37. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell CM-2.
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Figure C-39.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell CM-2.
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Elevation: 19.49 ft, NGVD29

Stage Hydrograph for CP-1
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Figure C-42.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell CP-1.
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Elevation: 20.68 ft, NGVD29

Stage Hydrograph for CP-2
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
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Figure C-45. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell CP-2.
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Stage Hydrograph for GS-1
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Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GS-1.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell GS-1.
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Figure C-48. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell GS-1.
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Stage Hydrograph for GS-2
Elevation: 14.58 ft, NGVD29
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Figure C-49. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GS-2.
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Figure C-50. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell GS-2.
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]

Figure C-51.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell GS-2.
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Stage Hydrograph for GWP-1A
Elevation: 16.48 ft, NGVD29
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Figure C-52. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-1A.
Duration Curve for GWP-1A
Elevation: 16.48 ft, NGVD29
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Figure C-53.

Percent Time Equaled or Exceeded

Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell GWP-1A.
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Figure C-54. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell GWP-1A.
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Stage Hydrograph for GWP-2
Elevation: 16.41 ft, NGVD29
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Figure C-55. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-2.
Duration Curve for GWP-2
Elevation: 16.41 ft, NGVD29
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Figure C-56.

Percent Time Equaled or Exceeded

Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell GWP-2.
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Figure C-59.
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Figure C-60. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell GWP-3.
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Stage Hydrograph for GWP-4
Elevation: 17.58 ft, NGVD29
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Figure C-61.

Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-4.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell GWP-4.
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Figure C-63. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell GWP-4.
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Stage Hydrograph for GWP-5.1
Elevation: 18.50 ft, NGVD29
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Figure C-64. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-5.1.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell GWP-5.1.

C-43




MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

(= =
16 ——
C
\Val \““”—")
'G /%ahsl Sernvices

LRWRP Topo Map Legend

WRAP_ColiTope [ e=omme: -2 12 nooonny
9 x5 ft DEM (NGVD29) = e
e pane proecion, Flonce s rone, NADE-HAA N UL feet -z:c::cx:' -4 g-2-1-4 Dooooact

BOHOE R M

Florkda Waler Management District I <o - :l-‘::

201 0 ub Fd, West Falm Bsach, Flonds 31408 [ ememme -

(62 1) S23-2200; www.sfwmd.gov

Socurmant Pah: Ve awme gov e dutawad G5 GIST_20 12 W arkingDine ciar y AR S yth on Training o R WRS_Ta gt am pe neamas

mar Hame: kadseng Mg Procuced on Oute: 222012220

Figure C-66. Variation of model cell topography based on SFWMD’s 5 ft LIDAR W|th|n WRAP
cell GWP-5.1.
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Stage Hydrograph for GWP-5.2
Elevation: 18.60 ft, NGVD29
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Figure C-67. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-5.2.
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Figure C-68. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell GWP-5.2.
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Stage Hydrograph for GWP-6
Elevation: 17.66 ft, NGVD29
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Figure C-70. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-6.
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Figure C-71.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell GWP-6.
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Figure C-72. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell GWP-6.
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Stage Hydrograph for GWP-7.1
Elevation: 17.99 ft, NGVD29
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Figure C-73. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-7.1.
Duration Curve for GWP-7.1
Elevation: 17.99 ft, NGVD29
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Figure C-74. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell GWP-7.1.
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Figure C-75. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell GWP-7.1.
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Stage Hydrograph for GWP-7.2
Elevation: 17.91 ft, NGVD29
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Figure C-76. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-7.2.
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Figure C-77. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell GWP-7.2.
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Figure C-78. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
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Stage Hydrograph for GWP-7.3
Elevation: 18.39 ft, NGVD29
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Figure C-79. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-7.3.
Duration Curve for GWP-7.3
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Figure C-80. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell GWP-7.3.
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Stage Hydrograph for GWP-9
Elevation: 18.13 ft, NGVD29
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Figure C-82. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-9.
Duration Curve for GWP-9
Elevation: 18.13 ft, NGVD29
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Figure C-83. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell GWP-9.
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Figure C-84. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell GWP-9.
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Stage Hydrograph for GWP-10
Elevation: 17.07 ft, NGVD29
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Figure C-85. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell GWP-10.
Duration Curve for GWP-10
Elevation: 17.07 ft, NGVD29
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Figure C-86. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell GWP-10.
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Figure C-87. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell GWP-10.
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Stage Hydrograph for HS-2
Elevation: 20.72 ft, NGVD29

=== Calibration
—e— Bleyation
24.00
E 73.00 i
S :
(b} n
z 2
& i i
T 2 i i b
3 A iy 4 i A A
2 ;F‘If"\l :.I‘I i "‘n iy :F“H‘! |'I )
‘;‘i 21.00 'ﬁ“" r{ J .“\'l‘ '{"‘ i ll‘l s ?'fv'f Il\ 'n;:ep il‘lp\ i:: ‘.‘\'r‘~ I&"‘ . Il“v" 2 hﬂl; “.“
el O A A L VA VA A NG VS L W S
L H i | A i SR “‘-\.‘ ; ‘-l *Fu Iy s
N -~ | \ i e o
) ‘*“’Ir ‘3\"‘“ \‘F\j\_:l \-"-‘.?- ! ] g
20.00
‘PQF '\“G\ + i ‘Pda '\“NQ 1“0 ‘\.“-G 1“0 1“\‘ 1"\‘,
Figure C-88. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell HS-2.
Duration Curve for HS-2
Elevation: 20.72 ft, NGVD29
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Figure C-89. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell HS-2.
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Figure C-90. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell HS-2.
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Stage Hydrograph for KC-1.2
Elevation: 12.54 ft, NGVD29
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Figure C-91. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell KC-1.2.
Duration Curve for KC-1.2
Elevation: 12.54 ft, NGVD29
=== Calbration
] —— Hevation

14.5 H

14.0 I
@ 135 :'\
8
G
0 130 S
o 125 ——
] ————
£ R
T 120 e
2 T
g 11s R
§ R

11.0 T

10.5 o

0 0 20 30 & s s 70 8 0 100
Percent Time Equaled or Exceeded
Figure C-92. Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell KC-1.2.
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Stage Hydrograph for KC-1
Elevation: 12.27 ft, NGVD29
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Figure C-94. Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell KC-1.
Duration Curve for KC-1
Elevation: 12.27 ft, NGVD29
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell KC-1.
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Figure C-96. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell KC-1.
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Figure C-99. Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell KC-2.1.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
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Figure C-102.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell LS-2.
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Stage Hydrograph for LS-3.1
Elevation: 18.94 ft, NGVD29
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Figure C-103.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell LS-3.1.
Duration Curve for LS-3.1
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell LS-3.1.
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Figure C-105.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell LS-3.1.
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Stage Hydrograph for LS-3.2
Elevation: 18.96 ft, NGVD29
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Figure C-106.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell LS-3.2.
Duration Curve for LS-3.2
Elevation: 18.96 ft, NGVD29
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Figure C-107.  Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell LS-3.2.
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Figure C-108.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell LS-3.2.
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Stage Hydrograph for LS-4
Elevation: 15.60 ft, NGVD29
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Figure C-109.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell LS-4.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell LS-4.
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Figure C-111.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell LS-4.
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Stage Hydrograph for LS-5
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Figure C-112.

Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell LS-5.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell LS-5.
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Figure C-114.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell LS-5.
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Stage Hydrograph for LS-6A
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Figure C-115.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell LS-6A.
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Figure C-116.  Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell LS-6A.
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Figure C-117.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell LS-6A.
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Stage Hydrograph for LS-7A
Elevation: 15.74 ft, NGVD29
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Figure C-118.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP

cell LS-7A.
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Figure C-119.  Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell LS-7A.
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Figure C-120.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell LS-7A.
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Stage Hydrograph for LS-8.1
Elevation: 18.00 ft, NGVD29
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Figure C-121.

Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell LS-8.1.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell LS-8.1.
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Figure C-123.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell LS-8.1.
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Stage Hydrograph for LS-9
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Figure C-124.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell LS-9.
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Figure C-125.  Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell LS-9.
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cell LS-9.
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Stage Hydrograph for LS-10.1
Elevation: 17.47 ft, NGVD29
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Figure C-127.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell LS-10.1.
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Figure C-128.  Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell LS-10.1.
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Figure C-129.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell LS-10.1.
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Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell LS-10.2.
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Elevation: 17.16 ft, NGVD29

=== Calibration
—— Elevation

Figure C-131.

. . ¢ . t ' 1 . . . ' . | | | 1 4 4 |
10 20 30 40 50 60 70 80 90 100

Percent Time Equaled or Exceeded

Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell LS-10.2.
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Figure C-132.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell LS-10.2.
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Stage Hydrograph for MC-1
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Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell MC-1.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell MC-1.
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Figure C-135.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell MC-1.
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Stage Hydrograph for PM-1.1
Elevation: 18.20 ft, NGVD29
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Figure C-136.

Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell PM-1.1.
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Figure C-137.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell PM-1.1.
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Figure C-138.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell PM-1.1.
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Stage Hydrograph for PM-1
Elevation: 18.68 ft, NGVD29
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Figure C-139.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell PM-1.
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Figure C-140.  Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell PM-1.
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Figure C-141.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
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Stage Hydrograph for PM-2.2A
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Figure C-142.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell PM-2.2A.
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Figure C-143.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell PM-2.2A.
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Figure C-144.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell PM-2.2A.
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Stage Hydrograph for PM-2
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Figure C-147.  Variation of model cell topography based on SFWMD’s 5 ft LiDAR within WRAP
cell PM-2.
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Stage Hydrograph for PM-4
Elevation: 24.80 ft, NGVD29
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Figure C-148.

Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell PM-4,

Duration Curve for PM-4
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Figure C-149.  Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell PM-4.

C-99




MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

LRWRP Topo Map Legend

VRAP_ColiTope [ exomme: -2 [0 moomoos: -2
5 x5 ft DEM (NGVD29) e
M A B oomer oz [ essmee - [ massm -2
T piane o ecion, Tlids s ssoe, HNADEL-HATN, LS feet e -+ [ zoomone - [ s cocmone -
South Florida 'Watsr Management Distriot il oo e :l 14 O0oImas - | -mnnmwu- -z
2301 GunClub Rd, Wesi Paim Esach, Flonds 13408 D'unummu- o
(62 1) S23-2200; www.sfwmd.gov
Socument Feth.Cedate ¥ thanTr = T

mar M. eadseng Mg Procuced oo Dete. 3T EISTAICM

Figure C-150.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell PM-4.
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Stage Hydrograph for PM-5.1
Elevation: 25.93 ft, NGVD29
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Figure C-151.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell PM-5.1.
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Figure C-152.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell PM-5.1.
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Stage Hydrograph for PM-5.2A
Elevation: 23.61 ft, NGVD29
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Figure C-154.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell PM-5.2A.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell PM-5.2A.
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LRWRP Topo Map Legend
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Figure C-156.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell PM-5.2A.
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Figure C-159.

Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell PM-6.
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Stage Hydrograph for PM-9A
Elevation: 20.46 ft, NGVD29
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Figure C-160.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell PM-9A.
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Figure C-161.

Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell PM-9A.
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Figure C-162.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell PM-9A.
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Stage Hydrograph for PM-10.1
Elevation: 20.43 ft, NGVD29
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Figure C-163.  Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell PM-10.1.
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Figure C-164.  Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP

cell PM-10.1.
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Figure C-165.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP

cell PM-10.1.
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Stage Hydrograph for PM-11.2
Elevation: 19.00 ft, NGVD29
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Figure C-166.

Simulated stage hydrograph (2006 — 2014) and model cell topography for WRAP
cell PM-11.2.
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Simulated stage duration curve (2006 — 2014) and model cell topography for WRAP
cell PM-11.2.
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Figure C-168.  Variation of model cell topography based on SFWMD’s 5 ft LIDAR within WRAP
cell PM-11.2.
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APPENDIX D: WATER BUDGETS
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APPENDIX E: VERIFICATION RESULTS

Groundwater Monitoring Wells
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for M-1072.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for M-1086.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for M-1088.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for M-1096.

Figure E-13.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for M-1234.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for M-1261.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-1525.

Figure E-16.

E-8



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

PB-1548
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-1548.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-1613.

Figure E-18.

E-9



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

PB-1615

o
™~

Wp]
o~

432109
NN N NN

(aADN M) 28e1s

S00T/T/TT
G00T/T1/8
S00%/Tc/S
S00Z/1/€
¥00Z/6/CT
¥00Z/81/6
¥00z/82/9
v00T/L/Y
¥00Z/9T/T
£002/92/0T
£002/5/8
£00T/ST/S
£00¢/2e/T
700T/2/2T
700TZ/11/6
200¢/1¢/9
200¢/1E/€
2002/8/1
T00Z/8T/0T
T00T/8¢/L
1002/L/S
TO0T/t1/C
000Z/¥T/TT
0002Z/¢/6
0002/€T/9
000T/€t/€
000Z/T/T

—— Simulated —es——Historical

Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-1615.

Figure E-109.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-1642.

Figure E-20.
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PB-1648
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-1648.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-1649.

Figure E-22.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Figure E-24.



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

PB-1727

0 M~ o w = M ™~ O

(aADN M) 28e1s

S00Z/E/TT
S007/91/8
5007/6¢/S
S00Z/TT/€
vooz/ze/eT
t00z/tv/0T
Y00Z/LT/L
¥00Z/62/v
¥00Z/0T/T
€00T/€Z/TT
€002/5/6
€00Z/8T1/9
€00Z/TE/E
€00Z/TT/T
Z00Z/v2/0T
700Z/9/8
200¢/61/S
Z00Z/1/€
T00Z/2T/2T
T00Z/t2/6
T002/L/L
T00Z/6T/¥
TO0Z/0E/T
000Z/2T/TT
0007/5¢/8
000Z/L/9
000Z/0Z/€
000Z/T/T

—— Simulated —==@==Hijstorical

Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB

25.

Figure E

-1727.

PB-1732

L O L2 R o R o R

(aADN M) 28ers

S00Z/E/TT
500Z/91/8
500Z/6¢/S
S00Z/TT/€
vo0z/Te/et
00z/1/0T
Y00Z/L T/t
voo0z/62/v
¥00Z/01/T
€00Z/€T/TT
€002/5/6
€00Z/81/9
£00Z/TE/€
€00Z/TT/T
200Z/vZ/0T
z00Z/9/8
00¢/61/S
z00g/1/¢
T00Z/CT/2T
T00Z/t/6
T00¢/L/L
T00Z/61/v
T00Z/0E/T
000Z/CT/TT
000¢/5¢/8
000Z/Z/9
000Z/02/€
000Z/T/T

istorical

——Simulated — esle—Hj

Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-1732.

Figure E-26.

E-13



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

PB-1733

~ w wun = m ™~ — O

(aADN M) 28e1s

S00Z/E/TT
S007/91/8
5007/6¢/S
S00Z/TT/€
vooz/ze/eT
¥00Z/¥/0T
Y00Z/LT/L
¥00Z/62/v
¥00Z/0T/T
€00T/€Z/TT
€002/5/6
€00Z/8T1/9
€00Z/TE/E
€00Z/TT/T
Z00Z/v2/0T
700Z/9/8
200¢/61/S
Z00Z/1/€
T00Z/2T/2T
T00Z/t2/6
T002/L/L
T00Z/6T/¥
TO0Z/0E/T
000Z/2T/TT
000Z/52/8
000Z/L/9
000Z/0Z/€
000Z/T/T

e Simiulated —==@==Hijstorical

Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB

217.

Figure E

-1733.

PB-1734

ol
o

lag]

N~

']
(anoN1

51
=

4) a8eas

L
o

o

S00Z/T/TT
5002/21/8
500e/2z/s
S002/1/€
¥002/6/CT
¥002/81/6
¥00z/82/9
00z/L/v
¥002/9T/T
€00Z/92/0T
€00Z/5/8
£002/ST/S
€002/Te/C
z00z/zfen
7002/11/6
z002/12/9
200Z/1E/€
z002/8/1
100Z/8T/0T
1002/82/L
T002/L/S
100Z/v1/¢C
000Z/¥2/TT
000Z/€/6
000Z/€T/9
000Z/€2/€
000Z/T/T

e Simulated —==@==Hijstorical

Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-831.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-880.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PB-99.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PGA2D.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PGAZ2S.

Figure E-38.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PGA3D.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PGA3S.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PGAA4.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for PGAS.

Figure E-42.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for WPBWCA.
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Historical and simulated groundwater monitoring well stage hydrograph (2000 — 2005)

for WTVW.,
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for Dupuisl.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for Dupuis2.

Figure E-46.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for Dupuis3.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUSL.

Figure E-48.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUS2.

Figure E-49.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUSS.

Figure E-50.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUSA4.

Figure E-51.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUSS.

Figure E-52.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUSG.

Figure E-53.
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2005) for HUST.

Historical and simulated wetland gauge stage hydrograph (2000 —
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUSS.

Figure E-55.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUSO.

Figure E-56.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUS10.

Figure E-57.
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2005) for HUS11.

Historical and simulated wetland gauge stage hydrograph (2000
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for HUS12.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for Lox East.

Figure E-60.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for Lox West.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for PGL1.

Figure E-62.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for PG2.

Figure E-63.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for PGA4.

Figure E-64.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for PG6.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for PG7.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for PG8.

Figure E-68.



MODEL CALIBRATION FOR LOWER EAST COAST SUBREGIONAL MODEL — NORTH PALM

PG9

o
m

n o N O
o =

(aADN M) 28ers

[N T

S00Z/¢/1T
S0027/21/8
§00z7/T2/S
S00Z/1/€
¥002/6/CT
¥002/81/6
¥002/82/9
v00Z/L/v
+002/91/1
£00¢/9¢/0T
€00Z/5/8
€007/ST/S
€007/T2/C
zo0z/e/eT
200Z/11/6
2002/12/9
700Z/1E/€
2002/8/1
T00¢/8T/0T
T00Z/8¢/1
100¢/L/S
T00Z/¥1/2
000Z/vT/TT
000Z/¢/6
000Z/€T/9
000Z/€2/€
000Z/T/T

o Simulated —==@==Hijstorical

Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for PGO.

Figure E-609.
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Historical and simulated wetland gauge stage hydrograph (2000 — 2005) for PG10.

Figure E-70.
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