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Statistical Analysis and Mapping of Water Levels
in the Biscayne Aquifer, Water Conservation Areas,
and Everglades National Park, Miami-Dade County,

Florida, 2000-2009

By Scott T. Prinos and Joann F. Dixon

Abstract

Statistical analyses and maps representing mean, high,
and low water-level conditions in the surface water and
groundwater of Miami-Dade County were made by the U.S.
Geological Survey, in cooperation with the Miami-Dade
County Department of Regulatory and Economic Resources,
to help inform decisions necessary for urban planning and
development. Sixteen maps were created that show contours
of (1) the mean of daily water levels at each site during October
and May for the 2000-2009 water years; (2) the 25th, 50th,
and 75th percentiles of the daily water levels at each site dur-
ing October and May and for all months during 2000-2009;
and (3) the differences between mean October and May water
levels, as well as the differences in the percentiles of water
levels for all months, between 1990-1999 and 2000—2009.
The 80th, 90th, and 96th percentiles of the annual maximums
of daily groundwater levels during 1974-2009 (a 35-year
period) were computed to provide an indication of unusually
high groundwater-level conditions. These maps and statistics
provide a generalized understanding of the variations of
water levels in the aquifer, rather than a survey of concurrent
water levels. Water-level measurements from 473 sites in
Miami-Dade County and surrounding counties were analyzed
to generate statistical analyses. The monitored water levels
included surface-water levels in canals and wetland areas and
groundwater levels in the Biscayne aquifer.

Maps were created by importing site coordinates, sum-
mary water-level statistics, and completeness of record statis-
tics into a geographic information system, and by interpolating
between water levels at monitoring sites in the canals and
water levels along the coastline. Raster surfaces were created
from these data by using the triangular irregular network inter-
polation method. The raster surfaces were contoured by using
geographic information system software. These contours were
imprecise in some areas because the software could not fully
evaluate the hydrology given available information; therefore,
contours were manually modified where necessary. The ability
to evaluate differences in water levels between 1990-1999

and 20002009 is limited in some areas because most of the
monitoring sites did not have 80 percent complete records

for one or both of these periods. The quality of the analyses
was limited by (1) deficiencies in spatial coverage; (2) the
combination of pre- and post-construction water levels in
areas where canals, levees, retention basins, detention basins,
or water-control structures were installed or removed; (3) an
inability to address the potential effects of the vertical hydrau-
lic head gradient on water levels in wells of different depths;
and (4) an inability to correct for the differences between daily
water-level statistics. Contours are dashed in areas where the
locations of contours have been approximated because of the
uncertainty caused by these limitations. Although the ability
of the maps to depict differences in water levels between
1990-1999 and 2000-2009 was limited by missing data,
results indicate that near the coast water levels were generally
higher in May during 2000-2009 than during 1990-1999; and
that inland water levels were generally lower during 2000-2009
than during 1990-1999. Generally, the 25th, 50th, and 75th
percentiles of water levels from all months were also higher
near the coast and lower inland during 2000-2009 than during
1990-1999. Mean October water levels during 2000-2009
were generally higher than during 1990—-1999 in much of
western Miami-Dade County, but were lower in a large part of
eastern Miami-Dade County.

Introduction

Statistical analyses and maps showing temporal and
spatial variations in water levels in the Biscayne aquifer, water
conservation areas (WCAs), and the Everglades National Park
(ENP), in Miami-Dade County, Florida (fig. 1), are necessary
for urban planning and development. Water levels and flows
in the county are carefully managed with a complex system
of canals, levees, retention basins, WCAs, and water-control
structures (fig. 1). The poor drainage, low topography, and
proximity of the county to the ocean and the Florida Bay make
it susceptible to flooding, storm surge, and saltwater intrusion.
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La Nifia periods have resulted in prolonged droughts in the
study area (Prinos and others, 2014). The water table in the
shallow, karstic limestone Biscayne aquifer is commonly near
the land surface in parts of the urban and rural areas of the
county and may rise above land surface during wet periods
(fig. 2). In the western half of the county, in the ENP and
WCAs, water levels that are commonly above land surface
are maintained behind levees and water-control structures
(figs. 1 and 2). Analyses and maps of water levels are used to
address water management and urban development challenges
including (1) prevention and mitigation of saltwater intrusion
from the ocean into the Biscayne aquifer; (2) storage of water
to use during droughts; (3) removal or storage of excess water
during floods; (4) design of public and private infrastructure to
avoid flooding; and (5) planning of land use and development.
Meeting each of these challenges requires an understanding of
the altitude of the water table and its seasonal and long-term
variations.

Data from the 1990-1999 water years (WY) (October 1
to September 30) were used to create maps of the altitude of
the water table (Lietz and others, 2002). A new set of maps
and statistics was needed to provide an updated understanding
of water levels and to evaluate any changes since this period.
In 2012, the U.S. Geological Survey (USGS), in cooperation
with the Miami-Dade County Department of Regulatory and
Economic Resources (M-D RER), initiated a study to develop
maps and statistics depicting representative low, high, and
mean water-table altitudes using water monitoring data during
2000-2009. This analysis included comparison of water-table
altitudes during 2000-2009 to those during the last mapped
period, 1990-1999, to determine whether the water-table
altitude has changed over time. The frequency of annual maxi-
mum water levels was also evaluated at groundwater moni-
toring locations where data were sufficient for this analysis.
Years referenced in this study always refer to the water year,
which is defined as the period from October 1 to September 30.
The current study furthers the USGS science strategy goals of
improving understanding of water availability, and evaluating
changes and variability in water resources.

Purpose and Scope

The purpose of this report is to describe the analyti-
cal procedures used for statistical analysis and mapping of
water levels in the Biscayne aquifer, the WCAs, and ENP, in
Miami-Dade County, Florida, between 2000 and 2009 and
to document the results and limitations of these analyses and
maps. The report includes (1) maps of mean daily water levels
and maps of the 25th, 50th, and 75th percentiles of daily water
levels during 2000-2009 in Miami-Dade County; (2) maps
showing the differences in the statistics of water levels
between 1990-1999 and 2000-2009; and (3) a table providing
the results of a frequency analysis of annual maximums of
daily water levels during 1974-2009. These statistical analyses
provide a representation of mean, high, and low water-level
conditions in the surface-water levels and groundwater levels
in Miami-Dade County. Analysis of the water-table altitude
includes surface-water levels, when and where the water level

in the aquifer extends above land surface, such as in marshes,
lakes, and canals. Water levels are above land surface for
much of the year in the WCAs and the ENP, which together
represent about one-half the land area of the county (fig. 1).

Maps were created to show the results of statistical
analyses of water levels at the end of the dry season (May), at
the end of the wet season (October), and throughout the year
(all months). Maps that can be used to evaluate differences
between water levels during 1990—-1999 and 2000-2009 were
produced by computing means and percentiles of dry season,
wet season, and all water levels for both of these periods,
computing differences in these statistics on a site-by-site basis,
and contouring of the resulting values. Representative water
levels in the aquifer are mapped by interpolating between the
point values measured at each site. The frequency analysis of
annual maximums of daily water levels is provided for 60 sites
that had the most complete historical record between 1974
and 2009.

Commonly, maps of the water table are based on water-
level measurements collected from individual monitoring
wells over a short time period such as days or weeks. Maps
created from synoptic measurements can provide a snapshot
of water levels in the aquifer during that period. However,
because of frequent changes in well-field withdrawals, rainfall
patterns, and the transfer of water in canals and other water-
control structures in Miami-Dade County, water-levels used
in synoptic mapping can be misrepresentative of prevailing
water levels in the aquifer. The maps provided in this report
represent statistical summaries of the measured water levels
at surface-water and groundwater monitoring sites to describe
representative high and low water levels in the aquifer.

Description of Study Area

The study area is Miami-Dade County, which is located
in southeast Florida and is bordered on the east by the Atlan-
tic Ocean and on the south by the Florida Bay (fig. 1). The
county’s 1,900-square-mile (mi?) land area (U.S. Census
Bureau, 2012) is relatively flat and poorly drained. Most
of the county’s estimated 2,591,000 residents (U.S. Census
Bureau, 2012) live in an area of about 600 mi? that is con-
centrated within about 15 miles (mi) of the Atlantic Ocean
or Biscayne Bay. Along the eastern coast, a low coastal ridge
ranges in altitude from 6.4 to 22 feet (ft; fig. 2; Hoffmeister
and others, 1967; Lietz and others, 2002; converted from
National Geodetic Vertical Datum of 1929 [NGVD 29] to North
American Vertical Datum of 1988 [NAVD 88]). The land-surface
altitude for approximately 70 percent of the county, however, is
below 4.4 ft (Prinos and others, 2014). Prior to urban develop-
ment, most of Miami-Dade County was covered by a shallow,
freshwater marsh named the Everglades. Urban development
occurred initially along the coastal ridge in eastern Miami-
Dade County. Early in the 20th century, canals were dug and
the coastal ridge was breached to drain part of the Everglades.
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Figure 1.

Location of the study area, well fields, water-control structures, water conservation areas (WCAs), selected
drainage, retention, or detention basins, and Everglades National Park, Miami-Dade County, Florida.
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Introduction 5

Hyd rology The water table is in a shallow, highly permeable
limestone and sand aquifer named the Biscayne aquifer. The
The western half of the county contains remnants of the Biscayne aquifer is an important drinking-water source for
historic Everglades, called the ENP, and WCAs 3A and 3B Miami-Dade County and the Florida Keys (Marella, 2009).
(fig. 1). The water in the WCAs and ENP is retained behind During the first half of the 20th century, much of the area was
a series of levees (figs. 1 and 2). In the WCAs and the ENP, drained for urban development. As a result, saltwater from
the water table is generally above land surface for much of the bay or ocean has intruded about 460 mi> of the Biscayne

the year, but may fall below land surface during extended dry aquifer in Miami-Dade County as of 2011. (Prinos and
periods. Water levels in the developed areas of the county are others, 2014).

usually lower than in the WCAs, and for the most part are

lower than water levels in the ENP. In some areas, the water ]

table is drawn down to a depth below sea level by withdrawals Climate
from well fields (fig. 2), which could lead to the intrusion of

saltwater from the ocean. To reduce saltwater intrusion, water- South Florida’s latitude and its proximity to the Atlantic
control structures that maintain water levels were installed in Ocean and the Gulf of Mexico produce a wet/dry tropical
most of the canals near the coast. Water in the WCAs can be climate (Hagemeyer, 2012). The wet season typically extends
directed south into the Everglades or east or southeastward from about mid-May through the beginning of October
toward the coast through a series of canals and water-control each year (fig. 3). The wet season is characterized by after-
structures, each of which acts like a step. noon thunderstorms, with relatively heavy rainfall that is

S | | ' | | BRI ' ' | N

I: DRY SEASON ;ﬁ WET SEASON ——— >
45 — — 9

40 - — 8
35 — — 7
30 - — 6
25 |— —'5

Mean monthly precipitation, in inches

Water level, in feet above the North American Vertical Datum of 1988

10 — — 2
05 — — 1
0 | | | | | | | | | | | 0
Oct Nov Dec Jan Feb Mar Apr May Jun July Aug Sep
Month
EXPLANATION
—— Means of daily water level —a—  Monthly minimum of mean daily water level
—&—  Monthly maximum of mean daily water level Mean monthly precipitation

—a—  Monthly mean of mean daily water level

Figure 3. Means of daily water levels at 99 of the surface-water and groundwater monitoring sites that have > 95 percent complete
record during the 1989-2009 water years, monthly maximum, mean, and minimum of these daily mean water levels, and mean
monthly precipitation (The Weather Channel, 2013) in Miami-Dade County, Florida. Water-level statistics were determined using

data from table 2-1. Period of record for the monthly precipitation statistics is unspecified.
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augmented, sometimes tremendously, by rainfall from tropical
storms and hurricanes. The dry season typically extends from
October to mid-May and is characterized by low humidity and
solar radiation that greatly reduce the occurrence of afternoon
thunderstorms. During droughts, the dry season may extend
into June. The means of daily water levels from 99 surface-
water and groundwater monitoring sites in Miami-Dade
County for October 1, 1989, to September 30, 2009, indicate
that water levels in the county typically reach a maximum at
the beginning of October and a minimum in mid-May (fig. 3).

Previous Studies

The altitude of the water table in Dade County (now
Miami-Dade County) has been mapped since the 1940s. The
maps made in the early 1940s provide an understanding of
the drainage in the county prior to the installation of water-
control structures around 1945. Cross and Love (1942) and
Brown and Parker (1945) created maps of water levels in
northeastern Miami-Dade County. Maps show water levels
on May 27, 1940, July 15, 1940, September 30, 1940, July 26,
1941, and February 3, 1942. Parker and others (1955) pro-
vided detailed water-table maps for several areas in the
county including west of Hialeah, southeastern Miami-Dade
County, the Opa-Locka area, and the Hialeah-Preston and
Miami Springs well-field areas. Sherwood and Klein (1958,
1960) made three maps showing mean annual water levels,
mean yearly high water levels, and mean October water levels
during 1940-1957, and one water-table map of water levels
during 1960 in Miami-Dade County. Meyer (1969) made five
maps showing hydrologic conditions in eastern Miami-Dade
County during 1959-67. Swayze mapped water levels in the
Biscayne aquifer in Miami-Dade County, in April and October
1978 (1981a, b); near the Alexander Orr and Southwest well
fields in May and October 1978 (1979, 1980f) and May 1980
(1980a); and near the Hialeah-Preston and Miami Springs
well fields in May and October 1978 (1980c, ¢), October 1979
(1980d), and May 1980 (1980b). Ratzlaff mapped water levels
in the Biscayne aquifer in March and October 1979 (1981a, c),
and May 1980 (1981b). Klein (1986a, b) mapped the water
table near the Northwest well field during May 19-24 and
October 10-16, 1984. Lietz (1991) and Sonenshein and
Koszalka (1996) mapped the altitude of the water table in
the Biscayne aquifer in Miami-Dade County. Sonenshein
and Koszalka (1996) also provided hydrographs of selected
wells and water-level duration curves of water levels during
1984-1993. Lietz and others (2002) mapped the results of
annual and seasonal statistics of water levels recorded during
1990-94 and 1995-99. They computed the differences in
water levels between these two periods and created a table
and maps of the 5-, 10-, and 25-year recurrence water levels.
Lietz and others (2002) used the USGS software program
PEAKFQ (Thomas and others, 1998) for a frequency analysis
of annual maximum daily water levels from 58 USGS continu-
ous groundwater monitoring wells having at least 10 years of

data. The approach of the current study was patterned after
the study of Lietz and others (2002), with the exception of the
frequency analysis of annual maximum water levels.

Methods of Data Analysis

Data analysis involved several steps that included (1) data
compilation and editing, (2) analyses of statistics and missing
data, (3) development of the geographic information system
(GIS) framework for generating automated map contours,
and (4) manual modifications of the contours based on an
understanding of the hydrology of the system. A number of
additional analyses were considered, but not implemented
during the current study, including (1) application of flood-
frequency analysis for the purpose of determining high water
levels likely to recur in 5-, 10-, and 25-year time intervals,
(2) estimation of missing records by using correlations of
water-level data from proximal sites, and (3) removing long-
term trends prior to the frequency analysis of annual maximum
water levels. The reasons for rejecting these analyses are
discussed in appendix 1 and provided to possibly aid in the
planning of future studies.

Data Compilation and Editing

Water-level monitoring data from sites in Miami-Dade
County and extending 12 to 16 mi into neighboring coun-
ties were used for analysis. These data were obtained from
the USGS, the South Florida Water Management District
(SFWMD), and the National Park Service (NPS), ENP. Sites
include groundwater monitoring wells and surface-water
monitoring sites. In the Everglades and the WCAs, where
water levels are typically above land surface, many of the
sites are surface-water monitoring sites. Barrier islands were
not included in the mapping evaluation because of a lack of
monitoring data for these areas.

Data used for the analysis consisted of a combination
of daily mean and daily maximum water levels because the
organizations that manage the data collection provide dif-
ferent daily statistics. The USGS Caribbean-Florida Water
Science Center typically publishes the daily maximum of
hourly water levels recorded at groundwater monitoring wells,
whereas the daily mean of water levels recorded every hour
or every 15 minutes at surface-water monitoring sites are
published. The SFWMD usually provides the daily mean of
water levels recorded at groundwater monitoring and surface-
water monitoring sites, but also publishes the daily maximum
and minimum water levels at sites on the downstream side of
coastal water-control structures. The NPS provided daily mean
water levels. Daily maximum water levels were available for
the majority of groundwater monitoring sites, and daily mean
water levels were available for most of the surface-water
monitoring sites; therefore, these were the daily statistics that
were used for mapping.



The USGS, SFWMD, and NPS store data in separate
database files based on the attributes of the data. Water-level
data from an individual monitoring site may be stored in one
or more files. Multiple files may be used to store (1) water
levels recorded upstream or downstream of a structure at the
same site, (2) different daily statistics computed from the
same unit value data (hourly, 15 minute, 20 minute, or stage
change), (3) data from different monitoring devices at the
same site, and (4) different periods of record at the same site,
such as when a site was destroyed and rebuilt. The SFWMD
creates an alphanumeric designator called a DBKEY for each
site, and may create additional DBKEY's for different types
or periods of data from the same site. Water-level data from
613 database files were available for analysis (appendix 2).
The data from some of the sites have been copied into multiple
databases. In these instances, the data provided by the collect-
ing agency were generally used, rather than the copied data,
because some of the copied data may have become corrupted
during the transfer, or did not include corrections made after
they had been copied. Some exceptions were made if the
data were not readily accessible from the original collecting
agency. Where it was feasible to do so, data recorded during
different periods at the same site were merged to create a com-
plete dataset. After these corrections, mergers, and deletions,
498 database files from 473 unique sites were available for
analysis (appendix 3).

Most of the water levels were referenced to the NGVD 29
or the NAVD 88. Some files contained water levels that were
referenced to a local datum rather than a national datum.
Although these data are useful for evaluating change at a
specific site and could eventually be referenced to a national
datum, they could not be used in this study.

Table 1.
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Summary statistics and hydrographic comparisons were
used to review water-level data and to eliminate erroneous
data. Erroneous values were removed or corrected, and water
levels referenced to the NGVD 29 were adjusted to the NAVD 88
by using the software package Corpscon 6.0.1 developed by
the U.S. Army Corps of Engineers.

Evaluation of Missing Data and
Spatial Coverage

Maps showing the network coverage given various
completeness of water-level record criteria were created to
evaluate the effect of missing records on spatial coverage. By
using these maps, it was determined that the maximum amount
of missing records that would still allow fairly good spatial
coverage was 20 percent, therefore during mapping, a site’s
data would need to be at least 80 percent complete for each of
the periods evaluated. In some areas, few or no sites met this
criteria (table 1); therefore, the statistical analyses of water-
level data from sites with less than 80 percent complete record
were considered, but to a lesser extent.

About 340 sites have water-level records that are at least
80 percent complete during October, May, and all months of
the 2000-2009 period. Fewer database files met the complete-
ness of record criteria for both the 1974-2009 and 1990-1999
periods of comparison and for the frequency analysis of maxi-
mum annual water levels during the 1974-2009 period. Only
about 80 database files met the completeness of record criteria
during the 1974-2009 period (table 1), and of these files, only
46 met the additional requirements for frequency analysis.

Number of sites in the study area meeting a range of completeness of record criteria for the months of October and May, and

for all months during the 1974-2009, 1990-1999, and 20002009 water years, in and near Miami-Dade County, Florida.

[WYs, water years; >, greater than or equal to; highlighted row represents the completeness of record criteria selected for the study]

Completeness of

Number of sites meeting the completeness of record criteria

record criteria, All May October All May October All May October
in percent 1974-2009 WYs 1990-1999 WYs 2000-2009 WYs
>99 12 25 18 61 92 81 156 229 186
>95 56 58 50 107 123 102 284 287 259
>90 64 63 60 142 149 139 323 315 316
>80 78 79 76 184 184 168 339 336 338
>70 91 92 88 202 208 199 343 351 345
>60 146 147 139 218 227 216 363 382 362
>50 175 179 170 253 274 250 395 405 397
>40 259 264 239 293 305 287 419 425 416
>30 324 325 323 323 325 318 450 458 453
>20 354 353 354 328 331 328 473 473 474
>10 441 440 428 331 332 330 484 482 484
>0 498 498 498 498 498 498 498 498 498
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Statistical Analysis of Water Levels

Using available data, statistical analyses of the daily and
annual water levels were computed that were used for quality
assurance and for mapping of water levels in the county.

The mean, count, maximum, minimum, standard deviation,
variance, and number of standard deviations of the minimum
and maximum from the mean of daily water levels during the
1990-2009 period were computed to help detect erroneous
data. To create the necessary information for mapping, the
mean and the 25th, 50th, and 75th percentiles of daily water
levels during the 2000-2009 period were computed from mea-
surements recorded during (1) October, (2) May, and (3) all
months, as well as the differences between these statistics
during the 1990-1999 and 2000-2009 periods. For computa-
tion of percentiles, the Microsoft Excel exclusive percentile
function was used rather than the inclusive percentile function.
Given the data being analyzed, the equation for the exclusive
percentile function yielded somewhat higher, and thus more
conservative, water levels. The equation for the exclusive
percentile function also corresponds more directly to the tradi-
tional definition of a percentile as being a value below which a
certain percentage of the data lie.

The 80th, 90th, and 96th percentiles of the annual
maximums of daily groundwater levels during the 1974-2009
period were computed to provide an indication of unusually
high groundwater levels in the aquifer. In addition to a require-
ment that the data for this analysis be at least 80 percent
complete during this period, data for each individual year
within this period were also required to be at least 80 percent
complete to ensure that the annual maximum for each year
was based on reasonably complete data. Given these criteria,
46 database files were available for analyses.

Geographic Information System Development

The site coordinates, summary water-level statistics,
and completeness of record statistics were imported into a
GIS. Water-level information from monitoring sites on canals
were used to interpolate water levels in each segment of the
canal using a routing system. The water levels from these
interpolations were assigned to a series of locations (called
control points) that traced the course of each of the monitored
canals. The distribution of control points along the canals was
relatively dense, but it was most dense near the water-control
structures where water levels changed the most. Water levels
were not monitored or estimated near many smaller canals or
canal reaches. A series of control points was created adjacent
to those levees that have sufficient proximal monitoring to
evaluate the water levels along those levees. Water levels
were measured in many of the canals that are adjacent to and
run parallel to levees. The control points in these canals and
the control points based on other sites adjacent to the levees
were used to provide an understanding of the difference in
water levels caused by a levee. In some instances, however,

no sites were immediately adjacent to the levees to aid in this
determination.

Water levels at the coast were estimated by using the
water-level statistics from selected tail-water monitoring sites
at the coastal water-control structures nearest to the coast.

The lowest of the water-level values recorded at the sites

in each area were used because water levels at the selected
sites could potentially be increased by discharge through

the canals to the Biscayne Bay. The water-level values were
assigned to a series of control points along the coastline. This
estimation may not be optimal because of the potential for
increased water levels caused by discharge through the coastal
structures, but it was the closest approximation possible given
available information.

One set of control points was created for each of 16 maps
(pls. 1-16) by using the statistics computed from water-level
data from each canal monitoring site and each coastal struc-
ture. These sets of control points were merged with the statisti-
cal analysis and site location information from surface-water
and groundwater monitoring sites to create a GIS shapefile.
The triangulated irregular network (TIN) interpolation method
was selected to create a water-level surface that could be con-
toured after several of the ArcGIS interpolation methods, such
as spline, spline with barriers, topographic (topo) to raster,
and kriging (krig), were tested. The points in the shapefile
were input into the ArcGIS tool “Create TIN” to create a TIN
surface. Lakes, canals, well fields, and major roads also were
used as input features in this tool. The resulting TIN surface
and the ArcGIS tool Surface Contour were used to create the
water-level contours.

Manual Modifications of Contours

All of the water-level contours generated with the Surface
Contour tool had to be manually modified because the contours
typically had very sharp bends that are not characteristic of
water levels in aquifers. Automatic smoothing of contours can
eliminate some of the bends but it also may cause contours to
overlap each other, or shift away from the locations through
which they should pass based on known water levels. All
contours were manually smoothed on a segment-by-segment
basis to ensure that the contours did not overlap and that
they passed through water-control structures or other points
where necessary.

The water table in the Biscayne aquifer and surface-water
features are considered to be connected. Abrupt changes in
surface-water levels are often caused by the water manage-
ment system of the county (fig. 2). For example, there are
typically abrupt changes in water levels in the Miami Canal,
at the water-control structures S-26, S-31, and S-151 (fig. 4).
One or more contour lines are drawn to pass through a water-
control structure when and where the difference in water levels
between the upstream and downstream sides of the structure
is greater than the contour interval. Even though contours
are frequently drawn through the structures, in some places



contours are drawn upstream or downstream of these struc-
tures based on interpolation of water levels between surface-
water monitoring sites. The 50th percentiles of water levels in
the Miami Canal for all months, for example, are 1.19 ft on the
downstream side of S-31 and 0.94 ft on the upstream side of
S-26; therefore, water levels in the canal decrease less than 1 ft
between these two sites (fig. 4). In some instances, contours

of the water table may intersect with other water management
features, such as levees, where these features create abrupt
changes in water levels (fig. 2).

Some well fields in the study area have water supply
wells on either side of a canal. The cones of depression created
by these supply wells have previously been interpreted to have
merged into one cone of depression under the canal (see for
example, Swayze, 1980¢; Ratzlaff, 1981c; Lietz and others,
2002). If the canal was isolated from the water levels in the
aquifer by low permeability sediments or a shallow, relatively
impermeable unit, this interpretation could be correct; however,
the interpretation used during the current study is that the
water table intersects with the canal as shown in figure 2.

Where water-level data were sparse, the manual modi-
fications to automatically generated contours were much
more extensive. During the period of study, for example,
water levels near the L-67C canal were not published (fig. 1).
Unpublished monitoring data on both sides of the L-67C canal
in November 2011 and December 2012 indicated a maximum
difference of about 0.8 ft (Judson Harvey, U.S. Geological
Survey, written commun., May 8, 2013). Contours that inter-
sected this canal or that were very close to it were interpreted
based on the assumption that some of the change in water lev-
els between monitoring sites in this area occurred at the levee,
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but these contours are shown as dashed lines on maps because
of the uncertainty in this assumption. Another area where the
automatically generated contours were extensively modified
is in WCA 3A (fig. 1). In this area, monitoring data near the
L-67A and L-28 canals were insufficient for the automatically
generated contours to depict water levels accurately.

All of the statistics of daily water levels during 19901999
and 2000-2009 were used to create the automatically gener-
ated water-level contours. These contours were then manually
adjusted, approximated, or eliminated where datasets were less
than 80 percent complete. Many of the smaller canals in the
county lacked water-level monitoring sites; therefore, values
could not be assigned to control points that trace the routes
of these canals. Even though sites located as far as 16 mi into
neighboring counties were used, the contours near the edges of
maps were affected by diminished data availability; therefore,
the final maps were cropped so that they extend only 3 to 4 mi
into neighboring counties.

Results of Statistical Analyses

Analyses included (1) statistical analyses of water levels
during 2000-2009, (2) analysis of changes in water levels
between 1990-1999 and 2000-2009 and (3) a frequency
analysis of annual maximums of daily water levels during
1974-2009. The statistical analyses of water levels during
20002009 included computation of the mean and the 25th,
50th, and 75th percentiles of daily water levels computed from
measurements recorded during October, May, and all months.
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Figure 4. Water levels in the Miami Canal from Water Conservation Area 3A to its mouth during the 2000 to 2009 water years.
See figure 1 for the locations of the Miami Canal, Water Conservation Areas, and water-control structures.
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The analysis of changes in water levels between the 1990-1999
and 2000-2009 periods was based on computation and com-
parison of these same statistics for both periods (appendix 5).
The 80th, 90th, and 96th percentiles of the annual maximums
of daily water levels during 1974-2009 were computed
(appendix 4), as well as the count, mean, maximum, mini-
mum, standard deviation, variance, and number of standard
deviations of the minimum and maximum from the mean of
daily water levels during this same period (appendix 6).

Sixteen maps were created to depict prevailing water-level
conditions in the Biscayne aquifer, WCAs, and ENP (pls. 1-16;
table 2). The contours and data points shown in plates 1-16
are also provided as downloadable GIS layer filers in appendix 7,
available through a U.S. Geological Survey data release (Prinos
and Dixon, 2016). An index map showing the locations of sites
used for the analysis is provided in appendix 8.

In some areas, water-level data for mapping were sparse,
given the requirement of an 80 percent complete record,
because most of the monitoring sites were recently installed.
Each of the plates show the sites that had at least 80 percent
complete record, and those that did not. This information can
be examined to gain a better understanding of the precision of
the maps. Although it is possible to view the GIS shape files of
the contours at any scale, in some areas where monitoring is
widely separated the contours can only be considered approxi-
mations; conversely where monitoring information is dense
the locations of the contours are more precise. A GIS shape
file showing the location of each site used for mapping, and
the statistics of water levels recorded at these sites is provided
(appendix 7), so that users can understand the spacing of infor-
mation used to draw the contours.

Water Levels During 2000-2009

The eleven maps showing prevailing water-level condi-
tions in the Biscayne aquifer, WCAs, and the ENP during
2000-2009 (plates 1-11) show the configuration of the water
table under a variety of conditions. The mean, 25th, 50th,
and 75th percentiles of water levels during May and October
provide an understanding of the range in water levels that
typically occur at the end of the dry and wet seasons, respec-
tively. The 25th, 50th, and 75th percentiles of all water levels
collected during 2000-2009 provide an understanding of the
typical range of water levels during this period. The mapped
data indicate that water levels are generally highest in WCA
3A and lowest near the southern and eastern coasts (pls. 1-11).

A close hydraulic connection exists between groundwater
and surface water as a result of the highly transmissive nature
of the unconfined Biscayne aquifer. Water-control structures,
levees, and canals also affect the hydrology in Miami-Dade
County. These effects are evident in the contour lines on
plates 1-11. Given an assumption that the Biscayne aquifer
is relatively homogeneous and isotropic, groundwater flow
lines can be inferred that are generally perpendicular to the
contour lines. In some instances, the groundwater flow direc-
tions inferred from the contours upstream of water-control
structures indicate that groundwater flows away from the
canal, whereas downstream of the structure the inferred flow
direction is toward the canal. These flow directions correspond
to “losing,” and “gaining” canal reaches, respectively. For
example, see the 1- and 2-ft contour lines near water-control
structure S-148 on plate 2. In these instances, groundwater

Table 2. Listing of the maps of water levels, Miami-Dade County, Florida.
n:::lt)zr Explanation
Plate 1 Mean of May water levels during the 2000-2009 water years
Plate 2 Mean of October water levels during the 20002009 water years
Plate 3 25th percentile of May water levels during the 2000-2009 water years
Plate 4 50th percentile of May water levels during the 2000-2009 water years
Plate 5 75th percentile of May water levels during the 20002009 water years
Plate 6 25th percentile of October water levels during the 2000-2009 water years
Plate 7 50th percentile of October water levels during the 2000-2009 water years
Plate 8 75th percentile of October water levels during the 2000-2009 water years
Plate 9 50th percentile of water levels from all months during the 2000-2009 water years
Plate 10 25th percentile of water levels from all months during the 2000-2009 water years
Plate 11 ~ 75th percentile of water levels from all months during the 2000-2009 water years
Plate 12 Difference between May mean water levels from the water-year periods 1990-1999 and 2000-2009
Plate 13 Difference between October mean water levels from the water-year periods 1990-1999 and 20002009
Plate 14  Difference between the 25th percentiles of all water levels for water-year periods 1990—-1999 and 2000-2009
Plate 15  Difference between the 50th percentiles of all water levels for water-year periods 1990-1999 and 2000-2009
Plate 16  Difference between the 75th percentiles of all water levels for water-year periods 1990—-1999 and 2000-2009




flow is inferred to be through the ground and around the water-
control structures.

The WCA 3A is surrounded on the western, southern, and
eastern sides by the levees L-28, L-29, and L-67A, respectively.
The effects of these levees on water levels in the WCA 3A are
shown on plates 1-11. Surface water in the WCA 3A can flow
westward through structure S-344; southward through water-
control structures S-12A, S-12B, S-12C, S-12D, S-343A,
and S-343B; and (or) eastward through structures S-151 and
S-333. Water passing through the S-12A-D structures enters
the ENP, and water passing through S-333 enters a continua-
tion of the L-29 canal (fig. 5).

In the ENP, flow inferred from the contour lines is gener-
ally in a southerly direction toward the coast or in a southeast-
erly direction toward the intricate system of levees, structures,
and canals in urban Miami-Dade County (pls. 1-11). In
the ENP at a distance of more than about 7 mi south of the
Tamiami Canal and 3 mi west of the L-31, L-31N, and L-31W
canals, the water-level contours are evenly spaced and gently
curved, which is typical in natural systems.

Several water-level contour lines nearly intersect (pls. 1-11).
One such area is where water from WCA3B flows eastward
through the S-31 structure into the Miami Canal and (or)
through structure S-337 into the L-30 canal (fig. 6). Depend-
ing on water-control structure operations, water in the L-30
canal can flow either southwest or northeast through the S-32A
structure into the Miami Canal. Water in the L-33 canal can
flow south through the S-32 structure into the Miami Canal.
The contours of the water table in this area are controlled by
a complex intersection of levees and water-control structures
(fig. 6).

Mean water levels at the end of the wet season (October)
in WCA 3A were about 2 ft higher than the mean water levels
at the end of the dry season (May) (pls. 1 and 2). In WCA 3A,
the 75th percentile of water levels in October is about 9 to
10 ft (pl. 8). This is about 2 to 3 ft higher than the 25th percen-
tile of water levels in May of 6 to 8 ft (pl. 3). With the excep-
tion of well fields, mean water levels were generally lowest in
the ENP near the southern coast where they were about 0 to 1
ft in October and about 0 to —1 ft in May. In the WCAs and in
urban Miami-Dade County, the shapes of contours generally
reflect the locations of levees, water-control structures, and the
cones of depression associated with well fields. Water levels
in urban Miami-Dade County that are outside the cones of
depression ranged from about 0 to 4 ft in October (pl. 2) and
from about 0 to 3 ft in May (pl. 1) during 2000-2009.

All water-level maps show cones of depression at the
Alexander Orr, Hialeah-Preston, Miami Springs, Snapper
Creek, and Southwest well fields (pls. 1-11). Cones of
depression at the Florida Keys Aqueduct Authority (FKAA),
Northwest, and West well fields also are shown on some of
the maps. There may be cones of depression at all active well
fields, especially during the dry season, but given the monitor-
ing information available and a contour interval of 1 ft, some
cones of depression may not be evident on the maps. The map
of the 25th percentile of water levels in May (pl. 3) indicated
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larger and deeper cones of depression than the map of the 75th
percentile of water levels in October (plate 8) at all of the well
fields where cones of depression are evident.

Changes in Water Levels Between 1990-1999
and 20002009

The accuracy of evaluating water-level changes in the
WCAs and the ENP between 2000-2009 and 1990-1999 was
limited by the large number of monitoring sites that did not
have an 80 percent complete record for both of the periods
(pls. 12—16). For this reason, many contour lines on plates 12—-16
are approximated, and the statistical results cited in this sec-
tion may have been affected. The numerical differences in
water levels cited in the remainder this section, between
1990-1999 and 2000-2009, at specific locations, have been
obtained by cross-referencing locations shown in plates 12—16
with the computed water-level differences shown in appendix 7.

The differences in mean May water levels and percen-
tiles of water levels during all months for the 10-year periods
1990-1999 and 20002009 indicate that water levels were
generally lower during the 2000s than during the 1990s
(appendix. 7; pls. 12, 14-16). The mean of all differences
between the water-level statistics computed for these periods
ranged from —0.10 to —0.31 ft (table 3). Considering all of the
statistical comparisons of water levels during these periods,
approximately two to five times more sites indicated decreased
water levels than those indicating an increase. This finding
could be explained in part by the difference in the 10-year
total of annual mean (by water year) rainfall at the National
Oceanic and Atmospheric Administration, National Climatic
Data Center stations, Everglades, Fort Lauderdale, Hialeah,
Miami International Airport, and Royal Palm Ranger Station.
Rainfall at these stations was 27 inches (in.) greater during
1990-1999 than during 2000-2009 (fig. 7).

Mean October water levels were slightly higher on aver-
age during 2000-2009 than during 1990—-1999 (appendix. 7;
pl. 13; table 3). Although most of the analyses of the differ-
ences in water levels indicate that they were lower during
2000-2009 than during 1990—-1999, water levels were gener-
ally higher at most of the sites near the coast, including most
of the tail-water monitoring sites at coastal water-control
structures. These increases could be related, at least in part,
to the effects of sea-level rise. McNoldy (2014) reported an
increase in sea level of about 3.7 in. (0.31 ft) at the tide station
at Virginia Key during 1996-2014. Near the coast, increases
in water levels of 0.01 to 0.37 ft were indicated at 11 of the
12 coastal water-control structure, tail-water monitoring stations
that had nearly complete data for 1990-2009. The largest
increases in water levels are evident in October when compar-
ing the twol0-year periods (appendix. 7; pl. 13), and the small-
est increases are evident when comparing the 25th percentiles
of water levels between these periods (appendix. 7; pl. 14).

Mean May water levels were generally 0.01 to 1.15 ft
lower during 2000-2009 than during 1990-1999 except near
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Water-table contour—Shows altitude of 50th percentile
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Figure 5.

Contours of the altitude of the 50th percentile of October water levels for water

years 2000 to 2009 near water-control structure S-12D and the junction of the L-29, L-67A, and

L-67 extension canals, and inferred flow directions, Miami-Dade County, Florida.
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Figure 6. Contours of the altitude of the 50th percentile of October water levels for water
years 2000 to 2009 near the junction of the Miami Canal and the L-33 and L-30 canals, and
inferred flow directions, Miami-Dade County, Florida.
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the coast and several other isolated areas (appendix. 7; pl. 12).
Water levels were lower by 0.5 to 1.15 ft in several broad areas
(see —0.5- and —1.0-ft depression contours on pl. 12) including
(1) near the intersection of the L-67A and the Miami Canals,
(2) near the northeastern edge of the ENP, (3) in the vicinity of
the new retention basins near the Frog Pond area, and (4) south
and west of the S-12 water-control structures (S-12A—S-12D).
The greatest decreases were 2.23 ft near the center of the
Hialeah-Preston well field and 1.3 ft near the center of the
Southwest well field. The greatest increase was 2.13 ft in the
Alexander Orr well field. Mean May water levels increased by
0.63 ft near the center of the Northwest well field.

Mean October water levels during 2000-2009 were
generally higher than during 1990-1999 in much of western
Miami-Dade County, but were lower in a large part of eastern
Miami-Dade County (pl. 13). Mean October water levels in
the ENP were generally 0.01 to 0.89 ft higher during 2000—
2009 than during 1990-1999, except in an area extending in
a southwest direction from the edge of the Frog Pond area
(appendix. 7; fig. 1; pl.13). In a large urbanized area in eastern
Miami-Dade County, mean October water levels were gener-
ally lower by 0.01 to 0.73 ft (appendix. 7; pl. 13). The largest
decreases from the 1990s to the 2000s were 2.68 ft and 1.84
ft within the Hialeah-Preston and Snapper Creek well fields,
respectively. Mean October water levels increased by 1.31 ft
near the center of the Northwest well field. Changes in water
levels at the Hialeah-Preston and Northwest well fields may
reflect reduced withdrawals that occurred at the Hialeah-Pres-
ton well field during1983-1992 (fig. 8). During this same time,
withdrawals from the Northwest well field were increased to
compensate.

Throughout most of the county, the 25th percentile of all
water levels was 0.01 to 1.24 ft lower during 2000-2009 than
during 1990-1999, except for a number of areas including
(1) near the coast where water levels were up to 0.38 ft higher
in some areas, (2) near the Northwest and Alexander Orr well
fields where water levels were as much as 1.9 ft higher, and
(3) near the Hialeah-Preston, Snapper Creek, and Southwest
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well fields where water levels were as much as 1.77 ft lower
(appendix. 7; pl. 14). The 50th percentile of all water levels
was 0.01 to 1.19 ft lower in most of the county during
2000-2009 than during 1990-1999, except (1) in an area in
the central ENP where water levels were as much as 0.13 ft
higher, (2) in two areas in the vicinity of the new retention
basins near L-31N and the Frog Pond area where water levels
were as much as 0.54 ft higher, (3) in an area near the C-111
canal where water levels were as much as 0.31 ft higher, (4) in
several areas near the coast where water levels were as much
as 0.29 ft higher, (5) near the center of the Alexander Orr well
field where water levels were 2.35 ft higher, and (6) near the
center of the Hialeah-Preston well field where water levels
were 3.27 ft lower (appendix. 7; pl. 15). Following a similar
pattern, the 75th percentile of all water levels was generally
0.01 to 1.01 ft lower in the 2000s than in the 1990s in much
of the county. Exceptions include (1) near the coast and parts
of the ENP in the vicinity of the new retention basins near
L-31N and the Frog Pond area, where water levels were as
much as 0.28 ft higher, (2) an area near the C-111 canal where
water levels were as much as 0.24 ft higher, (3) near the
center of the Alexander Orr well field where water levels were
2.9 ft higher, and (4) the Hialeah-Preston and Miami Springs
well fields where water levels were as much as 3.22 ft lower
(appendix. 7; pl. 16).

Frequency Analysis of Annual Maximums of
Daily Water Levels During 1974-2009

In Miami-Dade County, the water table is so shallow
and the bedrock so permeable that if rainfall is sufficient, the
water table may extend above the land surface in some areas.
The 80th, 90th, and 96th percentiles of the annual maximums
of daily groundwater levels during 1974-2009 (a 35-year
period) were computed to provide an indication of unusually
high groundwater-level conditions (appendix 4). The 80th,
90th, and 96th percentiles of daily groundwater levels provide

Table 3. Summary of the differences in the computed statistics of water levels during the water-year periods 1990 to 1999 and

2000 to 2009, Miami-Dade County, Florida.

May mean L] 25th percentile of 50th percentile of 75th percentile of
A e mean
Description of summary statistic water levels water levels all water levels  all water levels  all water levels
(Plate 12) (Plate 13) (Plate 14) (Plate 15) (Plate 16)
Number of site files for which a difference 325 322 328 328 328
could be computed
Average of all differences computed (feet) -0.31 0.05 -0.17 —-0.15 -0.10
Number of sites indicating an increase in 51 195 63 75 107
water levels
Number of sites indicating a decrease in 274 127 256 244 215
water levels
Ratio of site files indicating decreases, 54 0.7 4.1 33 2.0

relative to those indicating increases
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Figure 8. Hydrograph showing variation in water levels at wells G-3 and G-1368A and estimated
mean daily pumpage based on annual pumpage totals during water years 1974-2000 in the
Hialeah-Preston and Miami Springs well fields, of Miami-Dade County, Florida. [Modified from
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an indication of the highest water levels that had a 20, 10, or
4 percent probability of occurring in a given year, during the
period analyzed; however, these statistics are not intended

to be used as a predictive tool. These percentiles can only
provide an indication of water levels that can be considered
relatively high, but cannot be used to predict the recurrence
intervals of these high water levels. Percentiles of annual
maximum water levels were computed only for groundwater
monitoring sites with at least an 80 percent complete record,
after individual years with less than an 80 percent complete
record were eliminated. Only 46 monitoring sites met the
completeness of record criteria; therefore, the results of this
analysis are provided in a table (appendix 4) rather than as
water-level maps.

Mapping Limitations

The amount of information available for the current
mapping study was greater than that used for any previous
studies. Nonetheless, the analysis was limited by (1) insuf-
ficiencies in the spatial coverage of the existing monitoring
network, (2) insufficient information to evaluate temporal
changes in the water management system in some areas, and

(3) an inability to resolve differences in water levels that could
be related to well depth. Some of these limitations could be
addressed by improving the monitoring network.

Spatial Coverage of Monitoring Sites

The monitoring network used for the current study
included more surface-water and groundwater monitoring sites
than most of the previous water-table mapping studies in the
study area, but the sites were not evenly distributed across the
study area. Instead, wells are concentrated in selected areas. The
monitoring network is large because it monitors the effects of a
complex water management system as well as numerous well
fields. The water management system (1) conveys surface water
through canals, (2) preserves wetland areas, (3) stores rainfall
runoff in detention ponds to reduce flooding and provide water
supply during the dry season, and (4) maintains water levels
in the aquifer near the coast to mitigate saltwater intrusion.
During 1990-2009, the NPS, SFWMD, and the USGS added
many new wells in the ENP and WCAs, which increased the
spatial coverage.

Many of the previous mapping studies used more wells
than the current study to estimate water-table altitudes near
the well fields. For example, the study area of Cross and Love



(1942) covered only about one-twelfth the area of the current
study (234 versus 2,944 mi?) but used more groundwater mon-
itoring wells than the current study (200 versus 189). Parker
and others (1955) used about 60 groundwater monitoring
wells to map the area around the Hialeah-Preston and Miami
Springs well field, but the current study used only 7 wells in
that area. Klein (1986a, 1986b) used about 15 wells within the
cone of depression of the Northwest well field, whereas the
current study used 4 wells in this same area. Swayze (1980f)
used about 70 groundwater monitoring wells to map water
levels near the Alexander Orr and Southwest well fields,
whereas the current study had 12 wells in this area.

One of the reasons for the better spatial resolution of previ-
ous studies near the well fields is that they used data from both
recorder-equipped and semi-annually measured groundwater
monitoring wells. Most of the semi-annually measured wells
were discontinued at the end of the 1994 water year. The current
study used data from water-level recorders, which provide a
better temporal understanding of changes in water levels, albeit
given their fewer numbers, poorer spatial resolution.

Fewer data are available for water years 19901999 than
for water years 20002009 (table 1). Many of the sites with
data during 2000-2009 did not have sufficiently complete data
during 1990-1999 for comparison of water levels during these
two periods. The contour lines showing the changes in water
levels between 1990-1999 and 2000-2009 are approximated
in many places because of incomplete datasets. Inside the
periphery of WCA 3A (fig. 1), most of the monitoring sites
were recently installed. Of the 21 sites in WCA 3A, only 8 had
80 percent complete record, and 5 of these sites were clustered
within a 0.04-mi? area.

Some levees did not have proximal monitoring sites
located on both sides. Where water-level monitoring sites are
widely separated and have a levee that passes between them,
it is uncertain how much of the difference in water levels
between the sites is related to distance and how much of the
difference is caused by the levee itself.

Changes in the Water Management System

Changes to the water management system in some areas
during 20002009 resulted in water-level statistics for these
areas that represent a combination of pre- and post-construc-
tion levels; therefore, these statistics are not fully representa-
tive of either past or current water-level conditions in these
areas. Retention basins were constructed near the Frog Pond
area and near the L-31N canal beginning in 2002 (Mufioz-
Carpena and Li, 2003), and a 500-cubic-foot-per-second
(ft’/s) pump station was installed. The locations of water-level
contours in the Frog Pond area and near the L-31N canal are
approximated because of these changes. Water deliveries to
the ENP were increased under an interim operational plan that
included maintaining high water levels in the C-111 canal,
while keeping the gate at the S-175 structure closed (Muiioz-
Carpena and Li, 2003). An initiative was undertaken between
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2000 and 2011 to lower canal levels in the C-4 basin during
floods through the installation of 600-ft’/s pumps at structures
S-25B and S-26 on the Tamiami and Miami Canals, respec-
tively, and a 1,000-acre emergency detention basin (EDB)

and supply canal to allow the diversion of flood water from
the C-4 basin (Miami-Dade County Emergency Manage-
ment, 2011). The bottom and sides of the C-4 canal were also
smoothed during the project to improve water flow in the canal
(Federal Emergency Management Agency, 2013). The changes
in the C-4 basin to reduce flooding may have affected the 80th,
90th, and 96th percentiles of maximum annual water levels

in this area, but may not have affected the contours shown

on the maps because the changes were designed to reduce
water levels only during extreme events, rather than during
normal conditions.

To provide flood mitigation, the 8.5 Square Mile Area
(fig. 1) underwent modifications to the hydrology of the area,
including completion of the L-357W perimeter levee, the
C-357 seepage canal, and the S-357 pump station in 2009
(Collis, 2012; World Heritage Centre, 2013). The pump station
is designed to withdraw water from the south end of the C-357
canal into the L-357 detention area. Few data are available to
use in evaluation of water levels in this area because monitor-
ing in the C-357 canal began in November 2008 at the north
end of the canal and in April 2009 at the pump station. The
maps showing the 25th, 50th, and 75th percentiles of data
from May, as well as the mean of May water levels, and the
25th percentile of water levels from all months, indicate a
depression in water levels near the C-357 canal (pls. 1, 3,4, 5,
and 10). The maps showing the 50th to 75th percentiles of data
indicate that water levels are mounded in the detention area
(The mound is too small to see in the maps on pls. 9 and 11,
see GIS layers of maps [appendix 7]). These observations are
uncertain, however, because of the scarcity of data, particu-
larly for the month of October. For this reason, the locations of
contours in this area are typically approximated.

Numerous additional changes are being made to the water
management system, which in some areas may limit the future
applicability of the maps produced during this study. These
changes include a project planned for the C-7 Basin to imple-
ment the same types of modifications that were made to the
C-4 Basin (Federal Emergency Management Agency, 2013)
and a project initiated in September 2009 to increase annual
flow volumes to the ENP by 92 percent (U.S. Army Corps of
Engineers, 2013). Within and near the ENP, a number of small
projects have begun that affect the hydrology of the area.

For example, a 1-mi segment of the Tamiami Trail has been
replaced by a bridge that will allow sheet flow from the L-29
south into the Everglades. Water levels in the L-29 had previ-
ously been limited to 7.5 ft, but the changes made by this proj-
ect will allow water levels in the canal of up to 8.5 ft (Brown
and Leslie, 2013). The C-111 Spreader Canal Western Project,
approved July 21, 2012, will “create a nine-mile hydraulic
ridge adjacent to ENP that will keep more of the natural
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rainfall and water flows within Taylor Slough” (Baisden and
Morrison, 2013). The C-111 Spreader Canal Western Project
includes a 590-acre aboveground detention area in the Frog
Pond area (fig. 1), installation of two 225-ft*/s pumps, plugs
in some existing canals, and modification of operations of
existing water management protocols. Additional changes are
planned to increase flow in the ENP:

¢ Installation of water-control structures S-355A and
S-355B in the L-29 levee to allow water from WCA3B
to flow south into the L-29 canal and then southward
into the ENP under the new Tamiami Road bridge
(Brown and Leslie, 2013).

* Replacement of an additional 2.6 mi of the Tamiami
Trail roadbed with bridges (World Heritage Centre,
2013).

* Installation of new water-control structure, S-152,
consisting of 10 60-in. culverts will allow a maximum
flow of 750 ft*/s in the L-67A levee to allow water to
flow east from WCA3A into WCA3B (Baisden, 2013).

* Creation of a 3,000-ft gap in the L-67C levee and back-
filling of several 1,000-ft segments of the L-67C canal
to allow sheet flow from S-152 into WCA3B.

* Degradation of the 9 mi of the L-67 extension (L-67 EXT)
levee to restore natural flow in this area.

* Installation of structures S-345A, B, and C through the
L-67A and L-67C levees.

* Installation of structures S-349A, B, and C in the
L-67A canal.

* Degradation of the remaining 5 mi of the L-67 extension
(L-67 EXT) canal and levee.

* An increase in the pumping capacity of S-356 and
modifications to the operating schedules of the water
management system.

These changes will likely alter flows and water levels
in parts of the ENP and the WCAs to the point that the maps
completed during this study may be of limited use in parts of
these areas in the near future. An increased frequency of map
development combined with added monitoring in these areas
may be required to keep pace with ongoing changes.

Importance of Monitoring Well Depth

Ideally, only shallow monitoring wells, screened no
deeper than the minimum depth of the water table, would be
used for this analysis because vertical head gradients may alter
the water levels in deeper monitoring wells relative to shallow
wells at the same location. Semi-confining beds in the Biscayne
aquifer can cause water levels to differ in wells drilled to dif-
ferent depths. These effects are expected to be small; however,

the potential effect of well depth or local geology conditions
on water levels is not accounted for in this analysis.

The maps were created by using the assumption that the
water table in the aquifer intersects surface-water features. In
the current study, the contours showing the cones of depres-
sion in the aquifer are drawn so that they do not cross canals.
Instead, the cones of depression are bisected by the canals. For
example, monitoring well G-3074 is 40 ft deep and is on the
bank of the Snapper Creek Canal, yet it typically has water
levels that are lower than water levels in the canal. This dif-
ference in water levels may be caused by semi-confining beds
beneath the canal that isolate water levels in the aquifer to
some extent from water levels in the canal; therefore, at some
depth below the canal, the separate cones of depression likely
merge into one, as drawn by Lietz and others (2002). Nonetheless,
because the goal of the current study was to map the water
table itself, the canals are treated as divides.

Potential Monitoring Network Improvements

Future maps could be improved by adding monitoring
sites at the Alexander Orr, Everglades Labor Camp, Florida
City, Harris Park, Homestead Air Force Base, Leisure City,
Naranja Park, Newton, Northwest, Southwest, and Wittkop
Park well fields (fig. 1). Evaluation of the sizes and shapes of
cones of depression depends upon having enough monitoring
sites. Wells are already monitored on the periphery of the
well-field protection areas of the Leisure City and Wittkop
Park well fields, but continuous water-level data are needed
from near the centers of these well fields to map the depths
of the cones of depression. A new well near the Everglades
Labor Camp is 0.3 mi from the supply wells, but water-level
data from closer to the center of the well field are needed. The
Alexander Orr and Southwest well fields each have only one
monitoring well. Data from these wells provide an indication
of the maximum depth of the cone of depression but do not
enable detailed mapping of the shape of the cone of depression.
New groundwater monitoring wells were installed near the
Newton and West well fields in March 2009. Surface-water
monitoring sites and a series of nested groundwater monitor-
ing sites were installed at the Snapper Creek well field during
2010. Continued monitoring of some of these sites could aid
future mapping efforts.

Eleven surface-water monitoring sites were added in the
Frog Pond area and near L-31N between 2001 and 2009. The
water-level data provided by these sites were generally less
than 80 percent complete during the 2000-2009 period, but
if these sites continue to be monitored, the data could benefit
future studies. Additional surface-water and groundwater mon-
itoring sites within and just outside the retention basins would
be needed to evaluate water levels in this area for future maps.
Eleven monitoring sites were installed in the EDB between
2004 and 2006. All but one of these sites are surface-water
monitoring sites; most of these sites are at the water-control
structures and are used to measure the changes in water levels



across these structures. Some additional monitoring within the
EDB, along its boundary, and just outside of it could improve
the accuracy of maps in this area.

Monitoring on both sides of the L-67C levee could help
with evaluating the effect of this levee on water levels in the
area. The centers of the WCAs and the ENP are monitored,
but additional monitoring closer to the levees would facilitate
more accurate maps, particularly if automation of mapping is
desired. Monitoring near the Lindgren Canal and headwaters of
the Cutler Drain Canal could improve understanding of water
levels in this area, which may be affected by water levels in
the canal and the cone of depression of the Southwest well
field (fig. 1). More monitoring on the east side of the levee at
the L-28 canal could aid in evaluation of the change of water
levels across this levee. Where changes are being made to
the water management system, additional monitoring could
be helpful, particularly where new detention basins, levees,
and water-control structures or pumps are being installed (see
the Changes in the Water Management System section of this
report). Many new monitoring sites have been added near the
Florida Power and Light cooling canal system, and monitoring
data from these sites could improve future maps if the data are
made available for use. Installation of new monitoring sites
in advance of changes to the water management system could
create a baseline for evaluating future changes in water levels.

Summary and Conclusions

Maps of the altitude of the water table in Miami-Dade
County are necessary for urban planning and development.
Creation of these water-table maps involved (1) data compila-
tion and editing, (2) statistical analysis and evaluation of the
effects of missing records on analytical results, (3) develop-
ment of the geographic information system (GIS) framework
for generating automated contours, and (4) manual modifica-
tions of the contours based on an understanding of the hydrol-
ogy of the system.

As part of a study conducted by the U.S. Geological Sur-
vey, in cooperation with the Miami-Dade County Department
of Regulatory and Economic Resources, site coordinates, sum-
mary water-level statistics, and completeness of record statis-
tics were imported into a GIS. Water levels were interpolated
between monitoring sites in the canals and assigned to a series
of relatively densely spaced locations (called control points)
that traced the course of each primary canal. The values of
water-level statistics from selected tail-water monitoring sites
at water-control structures nearest to the coast were assigned
to a series of control points that traced the shape of the coast-
line. The canal and shoreline control points were merged with
the information from surface-water and groundwater monitor-
ing sites to create a GIS shapefile. The triangulated irregular
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network interpolation method was used to create a raster sur-
face that could be contoured. Contours were created by using
the ArcGIS tool Surface Contour. All of the contours had to be
manually smoothed on a segment-by-segment basis to ensure
that the contours did not overlap and that they passed through
water-control structures where necessary. Where insufficient
monitoring data were available for mapping, manual modifi-
cations to automatically generated contours were made and
contours were eliminated or approximated as necessary.

Sixteen water-level maps were created that show (1)
the mean of daily water levels measured during October and
May of the water years 2000-2009, (2) the 25th, 50th, and 75th
percentiles of daily water levels measured during October,
May, and all months during this same period, and (3) the dif-
ferences in October and May mean water levels, as well as the
differences in the percentiles of water levels from all months
that occurred between the 1990—-1999 and 2000—2009 periods.
The 80th, 90th, and 96th percentiles of the annual maximums
of daily water levels during the 1974-2009 period were
computed and provide an indication of water levels that can be
considered unusually high.

The ability to evaluate changes in water levels between
the 1990-1999 and 20002009 periods is limited in some
areas because most of the monitoring sites did not have a suffi-
ciently complete (80 percent) records for both of these periods.
The quality of the analysis was limited by (1) deficiencies in
spatial coverage, (2) the combination of pre- and post-construction
water levels in areas where retentions basins, canals, levees,
or water-control structures were installed or removed, (3) an
inability to address the potential effects of the vertical hydrau-
lic head gradient in the aquifer on water levels collected in
wells of different depths, and (4) an inability to correct for
the differences between daily water-level statistics. Although
these factors limited our ability to depict differences in water
levels between 19901999 and 20002009, the resulting maps
indicate that water levels near the coast were generally higher
during 2000-2009 and that water levels were generally lower
except during October.

The applicability of the maps may be limited in some
areas where the changes currently being made to the water
management system are extensive. Recently installed monitor-
ing sites will improve the accuracy of future water-level maps.
Additional monitoring in the following areas could improve
future maps: (1) the Frog Pond and the L-31N canal, (2) the
Lindgren Canal and headwaters of the Cutler Drain Canal,

(3) the boundaries of the ENP and WCAs, (4) on both sides
of the L-67C levee, and (5) in areas where changes are being
made to the water management system. The cones of depres-
sion of the Alexander Orr, Everglades Labor Camp, Florida
City, Harris Park, Homestead Air Force Base, Leisure City,
Naranja Park, Newton, Northwest, Southwest and Wittkop
Park well fields could possibly be better defined if additional
monitoring sites were added.
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Appendix 1. Analytical Considerations

Changes in water management and water usage, as well
as temporal and spatial limitations in data prevented imple-
mentation of some approaches that were initially considered
for the current study. Statistical approaches that were
considered and rejected include (1) a flood-frequency analysis,
(2) estimation of missing records by establishing correlations
between proximal sites, (3) compensation for the difference
between the maximum and mean of daily water levels, and
(4) removal of long-term trends from water-level data prior to
analysis of statistics.

Consideration of a Flood-Frequency Analysis

As part of this study, a flood-frequency analysis was con-
sidered but not implemented because in this study area some
of the assumptions of this analysis are most likely violated.
The U.S. Army Corps of Engineers (1993) states that when
conducting flood-frequency analysis, “...values should be
adjusted to natural (unimpaired) conditions before an analyti-
cal frequency analysis is made” and that “...care should be
exercised when there has been significant change in upstream
storage regulation during the period of record to avoid com-
bining unlike events into a single series. In such a case, the
entire record should be adjusted to a uniform condition...”
and that “projects that have existed in the past have affected
the rates and volumes of flows, and the recorded values must
be adjusted to reflect uniform conditions in order that the
frequency analysis will conform to the basic assumption of
homogeneity.” Similarly, the Hydrology Subcommittee (1982)
explains that flood-flow frequency analyses are based on the
assumptions that (1) flood flows are not affected by climatic
trends or cycles, (2) flow rates are a sample of random and
independent events, (3) the record is not affected by different
types of flooding events, such as floods resulting from snow-
melt rather than rainfall, and (4) only records that represent
relatively constant watershed conditions should be used for
frequency analysis.

The assumption that flows are not affected by climatic
trends or cycles is likely violated in the study area because
for “South Florida in particular, the influences of the low-
frequency climate phenomena, such as the El Nino Southern
Oscillation (ENSO) and the Atlantic Multi-decadal Oscillation
(AMO), have been identified with aggregate annual or
seasonal rainfall variations” (Kwon and others, 2009). The
assumption that values should be adjusted to natural conditions
is violated because the natural hydrology of south Florida has
been and is being extensively altered by the installation of
water-control structures, canals, pump stations, levees, and
well fields (see the Changes in the Water Management System
section of this report) and because changes in this infrastruc-
ture and operation of the hydrologic management system have
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been ongoing. These changes have been so extensive and so
numerous that adjusting all data to natural or uniform condi-
tions for analysis would be impractical.

The assumption that only records that represent relatively
constant watershed conditions should be used for frequency
analysis is violated because numerous changes to the water
management system have been made during the last 100 years,
some of which occurred during the current study, and many
additional changes are planned (see the Changes in the Water
Management System section of this report). Changes in water
levels caused by the C-4 Basin initiative and variations in
withdrawals at the Hialeah-Preston and Miami Springs well
fields are just two of the many extensive modifications to the
hydrology of Miami-Dade County that violate the assumptions
described by the Hydrology Subcommittee (1982) and the
U.S. Army Corps of Engineers (1993). The purpose of the C-4
Basin initiative (see Changes in the Water Management System
section of this report) was to reduce flooding in this area;
therefore, the extreme high water events that would be evalu-
ated by the flood-frequency analysis would almost certainly
be affected by these changes. Water levels near the Hialeah-
Preston and Miami Springs well fields have been affected by
changes in withdrawals at these well fields (see figure 8 in the
main report). Mean water levels in wells G-3 and G-1368A
during August 1983—September 1992 are about 4 and 12 ft
higher, respectively, than during November 1973—August 1983
and about 2 and 4 ft higher, respectively, than during Septem-
ber 1992—November 2000. While maximum water levels in
both wells were frequently higher than 3 ft above NGVD 29
during August 1983—September 1992, they were never higher
than this level during November 1973—August 1983 and were
rarely higher than this during September 1992—November
2000. Adjusting these data to unimpaired or uniform condi-
tions is impractical because withdrawals at the well field were
different each year (see figure 8 in the main report).

During this study period, many additional modifications
were made to hydrologic management in Miami-Dade County,
including (1) changes in withdrawals at the Northwest well
field that mirror those at the Hialeah-Preston and Miami
Springs well fields, (2) installation and modification of berms
along the Tamiami Canal to prevent flooding, (3) installation
of French drains designed to increase groundwater recharge
and reduce flooding, (4) redesign of the management structure
in the Frog Pond area near Homestead, including installation of
new pumps, levees, and water-control structures, (5) changes
in the management of water levels at Lake Okeechobee, which
is a water reservoir for southern Florida, and (6) implementa-
tion of water-use restrictions for several periods of differing
durations to reduce withdrawals from the aquifer. Additional
changes were made near the end of, or shortly after, this study
(see the Changes in the Water Management System section of
this report).
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Verdi and Dixon (2011) did not attempt to compute
flood-frequency estimates for most canals south of Lake
Okeechobee, rather, “[s]treamgages were only considered for
the analysis if 10 or more years of peak-flow data were avail-
able in the record, and if peak flows were not substantially
affected by trends, dam regulation, flood-retarding reservoirs,
tides, urbanization, or channelization.”

Another reason for not computing flood-frequency
analysis in south Florida is that most of the sites with
sufficient data from water years 1974-2009 are groundwater
monitoring wells. The method described in Bulletin 17B of the
Hydrology Subcommittee (1982) involves fitting a Pearson
Type II distribution to the logarithms of the yearly maximum
water levels. This method, however, was originally developed
for evaluating flood flow frequencies in natural streams rather
than the groundwater levels to which they were applied. Yet,
different types of monitoring sites (such as river, canal, lake,
or groundwater monitoring sites) may have different types of
frequency distributions. For example, the Water Information
Coordination Program, Advisory Committee on Water Infor-
mation (2013) cautions that unlike natural streams,

“...lake levels do not have the natural zero value
and the extreme variability and skewness of flood
flows so the use of log transforms of lake levels may
not be necessary or beneficial. Thus, Bulletin 17-B
should not be applied blindly or dogmatically to
lake levels... No distribution has been established
for lake level frequency analysis, as the log-Pearson
IIT distribution for stream flow peaks. Extrapolate
the lake-level frequency curve only with extreme
caution: the form of the lake-level frequency curve
is not known and lake levels may be much more sen-
sitive to lake-shore topography than the peak flows
are to flood plain topography.”

Similar to lakes, groundwater monitoring wells may not have
a natural zero, and some of the maximum annual groundwater
levels in the study area are negative.

Estimation of Missing Record

If water-level data from proximal sites are highly
correlated, missing record can theoretically be estimated.
Estimation of missing record has already been done for short
periods of record in the WCAs and for some surface-water
monitoring sites with missing record where water levels are
related to water levels collected at sites that are upstream or
downstream of the site. One of the approaches considered at
the onset of this study was to estimate missing record using
correlation with water levels at other sites.

The data from most of the groundwater monitoring sites
in Miami-Dade County are generally not highly correlated
enough to be used for estimating missing values, however,
as indicated by a study to evaluate the extent of correlation

in water levels by Prinos (2005). Data from the majority of
the wells in the network generally were not correlated with
that of other wells during the wet and dry seasons with an
average coefficient of 0.95 or greater, and in some instances,
the temporal variation in seasonal correlation between water-
level data of wells did not remain constant during the period
of record (Prinos, 2005; fig. 1-1). Temporal variation in the
correlations of water-level data is a great concern for the
current study because the statistical analyses are being used
to compare water levels during different periods. Most of the
sites in the ENP and the WCAs do not have complete records
for the period evaluated for this study. Newly installed moni-
toring sites cannot be used to compute correlation coefficients
for estimation of water levels prior to their installation.

Adjusting Daily Values

Ideally, the water table should be mapped by using the
same daily water-level statistic from all sites, but the USGS
usually computes the daily mean water level from surface-
water monitoring sites and the daily maximum water level
from groundwater monitoring sites. The daily water-level
statistics could not be recomputed so that the same daily
statistic could be used from all sites because the hourly
water levels had not been computed for most of the period
of examination. Estimating daily maximum groundwater
levels from daily mean water levels, or the reverse, was imprac-
tical because in the highly permeable Biscayne aquifer, the
differences between the daily maximum and daily mean water
levels vary, depending on the intensity of each rainfall event
(fig. 1-2). During periods without rainfall, the mean and the
maximum water levels in wells are nearly identical, but during
rainfall events, the differences between mean and maximum
water levels vary spatially and temporally, in a way that could
not be adjusted for unless every monitoring site had its own
rainfall gage and a rating between rainfall and groundwater
level were determined for each site. No correction factor or
equation was found that could adequately correct for these dif-
ferences. The differences in maximum and mean water levels
shown in figure 1-2 are from three sites in different parts of
Miami-Dade County: well F-239 is near the Hialeah-Preston
and Miami Springs well fields, well G-620 is in the ENP, and
well G-3356 is in southeast Miami-Dade County. On average,
the difference between the daily maximum and mean water
levels at these sites was only 0.02 to 0.07 ft, but during the wet
season, when the intensity and frequency of rainfall increase,
the variability of the differences between daily water-level sta-
tistics increased (fig. 1-2). Maximum differences ranged from
0.68 to 1.49 ft. Although this issue could not be addressed dur-
ing the current study, the USGS began publishing computed
hourly values for groundwater sites beginning on October 1,
2007. These data will allow the computation of the same daily
water-level statistic from all sites.
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Removing Long-Term Trends

In some instances, a long-term trend needs to be removed
from water-level data prior to analysis. If, for example, a site
has a large, long-term, unidirectional, and linear trend in water
levels, and if the goal of the analysis is to understand the nor-
mal annual range in water levels, then adjusting for this trend
prior to computing the mean annual range would be important
because the trend would increase this range. Prinos and others
(2002) found that many groundwater monitoring wells open
to the Biscayne aquifer have small upward trends (0.01 to
0.04 foot per year) in water levels during 1974—1999. Prinos
and others (2014), however, showed that during 1974-1990
there were a number of extended droughts and that since that
time there have been far fewer droughts. The small upward
trends in water levels during 1974—-1999 identified by Prinos
and others (2002), therefore, appear to be related to this pat-
tern of drought and wet years, and so they were not removed
because these variations in rainfall may be tied to climate
cycles (Kwon and others, 2009), rather than long-term unidi-
rectional changes.

Some of the largest temporal changes in water levels in
Miami-Dade County are abrupt, and they result from shifting
withdrawals between well fields (see figure 8 in the main
report). These changes in water levels are not unidirectional or
linear, and they may be repeated as a result of future changes
in withdrawals; therefore, removing these trends would be
inappropriate. Long-term trends were not removed from the
data prior to computing the means and percentiles of water
levels during the 1990-1999 and 2000-2009 periods because
this would remove part of the difference that this analysis was
intended to detect and also because most of the long-term
changes in water levels appear to be cyclic or readily revers-
ible rather than unidirectional. For these reasons, the trends
were not removed prior to computing percentiles of the annual
maximums of daily water levels.
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Appendix 2. Raw Data

Raw data, consisting of daily water-level data recorded
at monitoring sites in or near Miami-Dade County, Florida,
during the 1974-2009 water years, collected by the USGS,
NPS, and SFWMD, are provided as a U.S. Geological Survey
data release (Prinos and Dixon, 2016). The row titled “Notes”
describes some of the edits that were made, such as elimina-
tion of sites and merging of data collected at the same site.
Appendix 2 provides the data prior to these edits. Table 3—1
provides the data after these and other edits were made.

See Prinos and Dixon (2016), file Table 2—1, available at
http://dx.doi.org/10.5066/F78S4N0D.
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Appendix 3. Edited Data

Edited daily water-level data recorded at monitoring
sites in and near Miami-Dade County, Florida, during the
1974-2009 water years are provided as a U.S. Geological
Survey data release (Prinos and Dixon, 2016). The row titled
“Notes” describes some of the edits that were made, such
as merging of data collected at the same site. The SFWMD
sometimes has two or more database files for the same site that
are listed under separate DBKEYs. Some of these files were
merged, and a new DBKEY is listed in the appendixes that is a
combination of the DBKEY's of the merged files.

See Prinos and Dixon (2016), file Table 3—1, available at
http://dx.doi.org/10.5066/F7513W9F.

Reference Cited

Prinos, S.T., and Dixon, J.F., Data, statistics, and geographic
information system files, pertaining to mapping of water
levels in the Biscayne aquifer, Water Conservation Areas,
and Everglades National Park, Miami-Dade County, Flor-
ida, 2000-2009—Scientific data associated with USGS SIR
2016-5005: U.S. Geological Survey Data Release, http://
dx.doi.org/10.5066/F7M61HOW.

Appendix 4. Percentiles of
the Annual Maximums of Daily
Water Levels

The 80th, 90th, and 96th percentiles of the annual maxi-
mums of daily water levels recorded at monitoring sites in
and near Miami-Dade County, Florida, during the 1974-2009
water years are provided as a U.S. Geological Survey data
release (Prinos and Dixon, 2016).

See Prinos and Dixon (2016), file Table 4—1, available at
http://dx.doi.org/10.5066/F71834K3.

Reference Cited

Prinos, S.T., and Dixon, J.F., Data, statistics, and geographic
information system files, pertaining to mapping of water
levels in the Biscayne aquifer, Water Conservation Areas,
and Everglades National Park, Miami-Dade County, Flor-
ida, 2000-2009—Scientific data associated with USGS SIR
2016-5005: U.S. Geological Survey Data Release, http://
dx.doi.org/10.5066/F7M61HOW.
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Appendix 5. Statistics of Daily
Water Levels Used to Create Maps
of the Water Table in Miami-Dade
County, Florida

The mean and the 25th, 50th, and 75th percentiles of
daily water levels during the 2000-2009 water-year period
computed from measurements recorded during (1) October,
(2) May, and (3) all months, as well as the differences between
these statistics during the 1990-1999 and 2000-2009 water
years are provided through a U.S. Geological Survey data
release (Prinos and Dixon, 2016).

See Prinos and Dixon (2016), file Table 5—1, available at
http://dx.doi.org/10.5066/F7WH2N2C.

Reference Cited

Prinos, S.T., and Dixon, J.F., Data, statistics, and geographic
information system files, pertaining to mapping of water
levels in the Biscayne aquifer, Water Conservation Areas,
and Everglades National Park, Miami-Dade County, Flor-
ida, 2000-2009—Scientific data associated with USGS SIR
2016-5005: U.S. Geological Survey Data Release, http://
dx.doi.org/10.5066/F7M61HOW.

Appendix 6. Statistics of Daily
Water Levels

The (1) mean, (2) count, (3) maximum, (4) minimum,
(5) percentage of complete record, (6) standard deviation,
(7) number of standard deviations of the minimum and maxi-
mum from the mean, and (8) variance of daily water levels
recorded at monitoring sites in and near Miami-Dade County,
Florida, during the 1974-2009 period are provided in a U.S.
Geological Survey data release (Prinos and Dixon, 2016).

See Prinos and Dixon (2016), file Table 61, available at
http://dx.doi.org/10.5066/F7RR1W96.

Reference Cited

Prinos, S.T., and Dixon, J.F., Data, statistics, and geographic
information system files, pertaining to mapping of water
levels in the Biscayne aquifer, Water Conservation Areas,
and Everglades National Park, Miami-Dade County, Flor-
ida, 2000-2009—Scientific data associated with USGS SIR
2016-5005: U.S. Geological Survey Data Release, http://
dx.doi.org/10.5066/F7M61HIOW.


http://dx.doi.org/10.5066/F7M61H9W
http://dx.doi.org/10.5066/F7M61H9W
http://dx.doi.org/10.5066/F7M61H9W
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Reference Cited

Appendix 7.
System Files

Geographic Information

Prinos, S.T., and Dixon, J.F., Data, statistics, and geographic
information system files, pertaining to mapping of water
levels in the Biscayne aquifer, Water Conservation Areas,
and Everglades National Park, Miami-Dade County, Flor-
ida, 2000-2009—Scientific data associated with USGS SIR
2016-5005: U.S. Geological Survey Data Release, http://
dx.doi.org/10.5066/F7M61HOW.

Geographic Information System (GIS) files depicting the
contours from and data points shown in plates 1-16 are also
provided as downloadable GIS layer filers through a U.S. Geo-
logical Survey Data Release (Prinos and Dixon, 2016). Meta-
data are included in these files. Users should view the Federal

Geographic Data Committee (FGDC) metadata because it
provides important distribution information that other meta-
data formats do not include. The metadata describe the condi-
tions of usage. The column “LineType” in the attribute table
should be used to indicate where the lines are shown as solid
or dashed and where contours should be shown as depressions.
The column “Contour” provides the altitude of each contour
referenced to the NAVD 88.

An ArcGIS point file (AllSites.shp) is also provided in
the GIS files that includes the data provided in appendix 5.
This file provides the statistical results that were used to create
the contours. These statistical results are provided in attribute
table columns that correspond to each map plate. These col-
umns are labeled Map1-Map16 and are described in Prinos
and Dixon (2016, table 7—1). Six columns are provided that
can be used to determine the completeness of record for each
site during the periods evaluated. The columns are labeled
beginning with letters “PrctCmp” or “PcntCmp.” To confirm
that users are depicting the contours or points correctly, users
should compare their maps to plates 1-16 provided as part of
this report.

See Prinos and Dixon (2016), files:

Map 01 (http://dx.doi.org/10.5066/F7GFORIQ)
Map 02 (http://dx.doi.org/10.5066/F7BPO0VT)
Map 03 (http://dx.doi.org/10.5066/F76 W985D)
Map 04 (http://dx.doi.org/10.5066/F73776SD)
Map 05 (http://dx.doi.org/10.5066/F72G6QBK)
Map 06 (http://dx.doi.org/10.5066/F7TQ5ZMV)
Map 07 (http://dx.doi.org/10.5066/F7PZ56 WH)
Map 08 (http://dx.doi.org/10.5066/F7K64G42)
Map 09 (http://dx.doi.org/10.5066/F7FF3QFS)
Map 10 (http://dx.doi.org/10.5066/F79S1P3B)
Map 11 (http://dx.doi.org/10.5066/F7610XDC)
Map 12 (http://dx.doi.org/10.5066/F72805QG)
Map 13 (http://dx.doi.org/10.5066/F7XGI9P7N)
Map 14 (http://dx.doi.org/10.5066/F7SQ8XGG)
Map 15 (http://dx.doi.org/10.5066/F7NZ85QP)
Map 16 (http://dx.doi.org/10.5066/F7J67F14)

Points for Maps (http://dx.doi.org/10.5066/F7DJ5CPS)

Table 7—1 (http://dx.doi.org/10.5066/F7N014MM)


http://dx.doi.org/10.5066/F7SQ8XGG
http://dx.doi.org/10.5066/F7M61H9W

Table 7-1. Description of columns in the ArcGIS point file “MapStats.” This file can be downloaded from http://dx.doi.org/10.3133/

sir20165005.
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Column name

Description

OBJECTID
Longitude
Latitude
SiteName

SiteID

Provider
DailyStat
SiteType
OrigVertDatum
FinVertDatum
ConFactor

Mapl

Map2

Map3

Map4

Map5

Map6

Map7

Map8

Map9

Map10

Mapl1

Map12

Map13

Map14

Mapl5

Map16
PrctCmpAI110009
PrctCmpMay0009
PrctCmpOct0009
PrctCmpAI119099
PentCmpMay9099
PentCmpOct9099
Notes

A unique identifier for the map point

Longitude

Latitude

Site Name

Site identifier or SFWMD DBKEY

Data Provider

Daily water level statistic

Site type

Original vertical datum

Final vertical datum

Vertical conversion factor used (feet)

Mean of May water levels during the 2000-2009 water years

Mean of October water levels during the 20002009 water years

25th percentile of May water levels during the 2000-2009 water years

50th percentile of May water levels during the 2000-2009 water years

75th percentile of May water levels during the 2000-2009 water years

25th percentile of October water levels during the 2000-2009 water years

50th percentile of October water levels during the 2000-2009 water years

75th percentile of October water levels during the 2000-2009 water years

50th percentile of water levels from all months during the 2000-2009 water years
25th percentile of water levels from all months during the 2000-2009 water years
75th percentile of water levels from all months during the 2000-2009 water years
Difference between May mean water levels from the water-year periods 1990-1999 and 2000-2009
Difference between October mean water levels from the water-year periods 1990-1999 and 2000-2009

Difference between the 25th percentiles of all water levels for water-year periods 1990—-1999 and 2000-2009
Difference between the 50th percentiles of all water levels for water-year periods 1990—-1999 and 2000-2009
Difference between the 75th percentiles of all water levels for water-year periods 1990-1999 and 2000-2009

Percentage of complete water-level record during the 2000 to 2009 water years

Percentage of complete water-level record for the months of May during the 2000 to 2009 water years

Percentage of complete water-level record for the months of October during the 2000 to 2009 water years

Percentage of complete water-level record during the 1990 to 1999 water years

Percentage of complete water-level record for the months of May during the 1990 to 1999 water years

Percentage of complete water-level record for the months of October during the 1990 to 1999 water years

Additional information concerning the site or data

Appendix 8.
for Analysis

An index map of sites used for this study is provided
as a supplemental file (fig. 8—1; http://dx.doi.org/10.3133/
sir20165005). Associated with this map is table 8—1 that

Index Map of Sites Used

given site.

provides (1) the site name, (2) the site identifier or SFWMD
DBKEY, (3) the site type, (4) map grid location, and (5) the
map index number. The index map is gridded into two col-

umns, designated A and B, and three rows, designated 1-3.

Table 8-1 and figure 8—1 can help users find the location of a


http://dx.doi.org/10.3133/sir20165005
http://dx.doi.org/10.3133/sir20165005
http://dx.doi.org/10.3133/sir20165005
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Figure 8-1.

Variation in water levels at wells G-3 and G-1368A and estimated mean daily pumpage based on annual pumpage totals

during water years 1974-2000 in the Hialeah-Preston and Miami Springs well fields, of Miami-Dade County, Florida. [Larger version of
this map can be downloaded from http://dx.doi.org/10.3133/sir20165005.]
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Table 8-1. Index of sites used to map the water table of the Biscayne aquifer in Miami-Dade County, 2000—2009.

[GW, groundwater; SW, surface water]

Index map grid

Site name Site identifier Site type location Index number
3A-5 IN WATER CONSERVATION AREA 3A 260324080421900 SW Al 1
3AS3W1 G M6884 GW Al 2
3AS3W1 G PTO035 GW Al 3
3AS3W1 H M6883 SW Al 4
3AS3W2 G M6885 GW Al 5
3AS3W2 G PTO036 GW Al 6
3AS3W3 G M6887 GW Al 7
3AS3W3 G PT037 GW Al 8
3AS3W4 G M6886 GW Al 9
3AS3W4 G PTO038 GW Al 10
3A-SW_B JA342 SW Al 11
3BSIWI G M6890 GW Bl 12
3BS1W1 G PT039 GW Bl 13
3BS1W1_H M6889 SW Bl 14
3BSIW2 G M6891 GW Bl 15
3BS1W2 G PT040 GW Bl 16
3BS1W3 G M6892 GW B2 17
3BSIW3 G PTO041 GW B2 18
3BS1W4 G M6893 GW Bl 19
3BS1W4 G PT042 GW Bl 20
3B-SE B 15934 SW Bl 21
Al3 Al3 SW A2 22
ANGEL 7103 GW A2 23
BBCMWI1 VMES83 GW B2 24
BBCMW?2 VM85 GW B2 25
BBCMW3 VMS887 GW B2 26
BBCMW4G1 VMS889 GW B2 27
BBCMW4G2 VME91 GW B2 28
BBCMWS5G1 VMS893 GW B2 29
BBCMW5G2 VMS895 GW B2 30
BBCMW6G1 VM897 GW B2 31
BBCMW6G2 VME899 GW B2 32
BBCWI1 TA890 GW B2 33
BBCW10 UO0853 SW B2 34
BBCW10GW1 TA918 GW B2 35
BBCW10GW2 TA920 GW B2 36
BBCW2 TA892 GW B2 37
BBCW3GW1 TA894 GW B2 38
BBCW3GW2 TA896 GW B2 39
BBCW3GW2 VB275 GW B2 40
BBCW4 TA898 GW B2 41
BBCW4 VB276 GW B2 42
BBCW5 TA900 GW B2 43
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