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FOREWORD

A major function of the Interior Department since its inception, more than
a century ago, has been to collect and disseminate information about the nation’s
natural resources. Initially, this information was collected primarily to increase
understanding of earth resources and support their development. During the
last 60 years the Department has placed more and more emphasis on conser-
vation of both our finite resources and the environment of which they are in-
tegral parts. Further, as the population has shifted from farm to city, Depart-
mental interests have moved increasingly toward urban concerns.

These changes to meet changing needs have generally been accomplished
piecemeal, problem by problem and agency by agency. But ad hoc methods no
longer suffice to deal with the complicated interactions among a large and grow-
ing population, an expanding economy, dwindling resources, and an ecosystem
of limited tolerance. If the Department is to do its part in aiding environmentally
responsible development it must organize its information programs more sys-
tematically. To some degree this has already been done. Analysis of such dif-
ficult matters as bringing Alaskan oil to market, developing electric power from
southwestern coal, and providing adequate airport facilities for metropolitan
Florida have involved coordinated participation by many elements in the Depart-
ment. The requirements of such legislation as the National Environmental
Policy Act and the proposed Land Use Policy and Planning Assistance Act
pin-point the need for a better national resource and land information system.

Developing an effective environmental information system is no small task,
and we are proceeding with care and caution. This folio on south Dade County,
Florida, is part of that effort; one of a series of exercises designed to show specif-
ically the need for comprehensive resource and land information in reaching
sound solutions to environmental problems, the Department’s potential for
contributing much of the needed information, and the ways in which the in-
formation may be used by planners and decision makers to define and weigh
alternative solutions.

The report, an interim one on work in progress is illustrative rather than
definitive. As its authors point out, its limitations are manifest; for example,
the consideration of alternatives is far from exhaustive and wholly lacks com-
parative cost analysis. Nevertheless, it is hoped that the report will serve the
immediate needs of Dade County planners and managers to some degree, and
at the same time suggest to a wider audience the value of a national resource
and land information system.

G Hr2 s

Rogers C. B. Morton
Secretary of the Interior
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INTRODUCTION

South Dade County, at the southeast corner of Florida,
exemplifies many of the environmental concerns that have
developed throughout the United States. Considerable en-
vironmental information has recently been assembled from
this region, and some of it is presented in this experimental
report in folio form. We are aware that south Dade County
does not constitute a viable planning unit—it is only a
fraction of the south Florida environmental system that
includes not only Metropolitan Miami but extends through-
out the Everglades. But we are not prepared to report on the
larger planning unit at this time.

South Dade County’s spectacularly rapid urban growth
during the last decade has been generated by its pleasant
subtropical climate, its outstanding recreational oppor-
tunities,and the presence of a remarkably attractive hinter-
land, the Everglades. These attractions and its favorable
geographic situation have also spurred development of the
area as a center of international marketing and commercial
activities.

Builders and businessmen, tourists, and residents com-
pete for land and water. Today, the resources that have pro-
vided habitat for a unique assemblage of plants and animals
and have drawn so many people are diminishing in amount
and in quality. The central problem is how to accommodate
growth and maintain environmental quality at the same
time.

Solving this problem is extraordinarily difficult because
of the intricate interdependence of all parts of the environ-
mental system. Thus, clearing, dredging, and building affect
air, water, land, plants, animals, and man. Management
decisions involving the environment are likely to be success-
ful only if based on complete information and thorough
understanding of the probable consequences—social, phys-
ical, economic, biologic, and aesthetic—of a given course
of action.

This report does not offer all the information or inter-
pretation needed as a comprehensive basis for regional de-
cision making. It does, however, provide a sampling of the
information required to develop alternative solutions for
some representative problems, and weighs the pros and cons
of some selected alternatives.

Led by the Geological Survey under the direction of
Thomas J. Buchanan, six Interior Department Bureaus
and several other organizations, cited on the title page, have
contributed to this report. Other groups that have made
invaluable additions include the Metropolitan Dade County
Planning Department, the Miami-Dade Water and Sewer
Authority, the Center for Urban Studies of the University
of Miami, and the Florida Department of Transportation.
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The area covered by this report includes about 1800 square miles in
the southern part of Dade County, Florida.



PHYSICAL SETTING

In south Dade County, as elsewhere, the climate and
the geology determine the shape of the land, the drainage
characteristics, and ultimately the activities of plants and
animals and of man.

Climate

South Dade County has a subtropical, marine climate
with long, warm, rainy summers and mild dry winters.
Extremes in temperature are moderated by the ocean which
warms the air in winter and cools it in summer. Humidity
generally is high, usually decreasing during the day as
the temperature rises.

Nearly constant southeast breezes, blowing across
the warm Gulf Stream, tend to prevent northern cold fronts
from reaching Miami. Occasionally, however, cold fronts
invade the area and frosts occur. Average annual rainfall
is around 60 inches. About two-thirds of the rain falls
from June to October. Summer rains are generally sudden,
localized, brief, and intense. Winter rains are usually as-
sociated with cold fronts.

Tropical hurricanes occasionally hit the Miami area
during the summer and fall. Damaging winds and heavy
rains, as well as high tides, can be expected even when the
hurricane center is as much as 80 miles from Miami.
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A subtropical climate has been an important factor in the explosive
growth of the area.

Draihage

Before about 1900, south Florida was poorly drained
and only a few short streams existed. Drainage was mainly
by sheet flow. The Everglades and coastal marshes were
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A dense network of drainage canals has greatly altered the hydrologic
regimen of the south Dade area.

inundated several months during the rainy season. Most
rainfall evaporated, or was used by plants or seeped into
the ground.

The first major canals were dug to drain the land for
farming. This lowered the water table, creating several
problems. The peat soil dried, oxidized, and blew away.
Salt water moved inland along the canals, infiltrating the
ground and contaminating the ground water.

In response to these problems, the Dade County Water
Conservation District and the Central and Southern Florida
Flood Control District were established in the late nineteen
forties to control floods, conserve water,and control salinity.
Canals, levees, and control structures were built and water-
conservation areas were established.

The flood-control and conservation facilities signifi-
cantly altered the hydrologic regimen of Dade County.
Although some lowlands still experience short-term flood-
ing annually, many low areas are no longer flooded. The
canal system reduces flooding by allowing water to run off
rapidly, and by lowering the water table. The lowered
water table increases the amount of underground space
available for storage of rainfall and permits septic-tank
systems to function satisfactorily.



Shape of the Land

South Dade County is almost flat: the highest points
are only 25 feet above the sea, and most of the area is less
than 10 feet above high tide. The main drainageways are
broad linear depressions only one to two feet deep.

The shape of the land influences the development of
soil and vegetation, and is critical in the planning and
construction of irrigation and flood-control structures,
and in the siting of communities and their related support
facilities. Six natural provinces are recognized and delin-
eated on the accompanying map.
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The area of and near the Coastal Ridge has been developed for
urban, industrial, and agricultural use. Development of the Ever-
glades, Rocky Glades, and Coastal Marsh has been retarded by poor
drainage and a high water table. The Florida Keys (not colored) are
a series of barrier islands that offer recreational opportunities for
water related activities. V/ ‘

The Everglades |

|
The Everglades is a broad expanse of grass-covered
marshland dotted with tree-covered small islands or
“hammocks’’ which rise 1 or 2 feet above the surrounding
_1/Numbers refer to sources at end of report.

land surface. The Everglades is flat and has almost no
slope; hence it floods during rainy seasons.

The Everglades is undeveloped except in a few places
along its eastern edge, where flood-control canals have
altered drainage. The drained parts of the Everglades are
used for industry, agriculture, and homes. A considerable
part of the undeveloped Everglades in Dade County has
been zoned for industrial use.
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The south Dade area is very flat. The shape of the land, however, has
greatly influenced the pattern of urban and agricultural development. 2/

Rocky Glades

Southeast of the Everglades are the Rocky Glades,
which look like the Everglades except that hard limestone
protrudes through the surface. The scant soil is a few inches
thick. The Rocky Glades are fairly well drained by canals.
Because the limestone is near the surface, they are easier
to convert to urban use than the Everglades.

Coastal Ridge

Rising above the Everglades is a low ridge, the Coastal
Ridge, which is nearly parallel to the Atlantic Coast. The
ridge is as much as 6 miles wide, and generally 10 to 25 feet
above sea level. The highest and best drained land in the
area, the ridge was the first to be settled, and most urbani-
zation has occurred on and near it. In its natural state the



THE PHYSICAL SETTING

ridge was covered by pine and hardwood forests. Today,
the vegetation on the urbanized parts of the ridge is luxu-
riant, in places dense, and includes tropical plants along
with pine and palmetto.

Transverse Glades
The Coastal Ridge is cut by low, narrow valleys or

channels called the Transverse Glades in which the soils
and vegetation are similar to those in the Everglades. These
were once tidal channels through the Coastal Ridge.

The Transverse Glades are the sites of most major
canals and the pathways of saltwater intrusion, storm run-
off, and flooding near the coast.

Mangrove Swamp and Coastal Marsh

Mangrove Swamp fringes most of the coast. The Man-
grove Swamp and the adjacent Coastal Marsh are poorly
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drained; however, the northern part of the Coastal Marsh
is fairly well drained and has many farms and residences.

Biscayne Bay

Biscayne Bay is a shallow tropical lagoon about 35 miles
long, as much as 10 miles wide and 12 feet deep. It is bound
on the west by the Mangrove Swamp of the mainland and
on the east by a series of barrier and coral islands. Near
the western mangrove shore,peat, mud, and organic debris
are several feet thick. To the east the bottom of much of
the bay is hard with little or no sediment. Sea grasses are
dense where the sediment is deepest. Algae and other ma-
rine organisms grow on the bottom.
The lands of the Coastal Ridge and the Rocky Glades are most readily
converted to urban use. The peat soils of the Everglades and the marl

soils of the Coastal Marsh are much less readily developed, but are
more readily farmed. 3/
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PHYSICAL PROVINCES

Soils

The soils of south Dade County are distinctly related
to the natural province in which they occur. Soils of the
poorly drained lowlands of the Everglades, the Mangrove
Swamp and Coastal Marshes, and the Transverse Glades
are composed largely of marl and peat. The Coastal Ridge
and the Rocky Glades have almost no arable soil. The soil
that is present generally consists of a veneer of marl, peat,
sand and finer materials over pitted limestone.

Despite the paucity of arable soil, farming is practiced
on both the Coastal Ridge and Rocky Glades. A rudimen-
tary soil, suitable for row crop cultivation, is created by
mechanically pulverizing the limestone and mixing it with
whatever sand, silt, clay, marl,and organic debris is naturally
present. Domestic gardens and lawns are dependent largely
on the import of soil and sod.

Farming is extensively practiced on the flat marl soils
south and east of Homestead.

Farming throughout the region requires frequent ap-
plication of fertilizer, enriched in many trace element ad-
ditives, including iron.

Geology

The southern half of Florida is the exposed part of
a huge plate of shallow-water marine limestone that ex-
tends far under the shallow portions of the Gulf of Mexico
but terminates abruptly at the Straits of Florida. This
limestone plate is 15,000 feet thick in Dade County and
zones within it are sources of water, potential sources of
petroleum and natural gas, and potential reservoirs for
the disposal of waste.

Limestone crops out in most of south Dade County
(see map). Hard limestone forms the Coastal Ridge and
outcrops in the Rocky Glades. Soft limestone or marl
underlies most of the Everglades and the Coastal Marsh.
Peat covers the limestone in the northwest part of the area
and underlies Mangrove Swamp along the coast. Patches
of quartz sand are scattered on the Coastal Ridge and in the
Transverse Glades. Shelly sand and mud are exposed on the
Keys (Islands) in the northeast, and underlie much of the

Bay.
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CROSS SECTION B-B’
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A thin layer of soft limestone covers the hard limestone throughout
most of the area (see map on facing page for location of section). Ver-
tical lines are drill hole sites.
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The Biscayne aquifer ranges from about 10 feet thick in the western
part of the area to about 120 feet thick at the coast.

DEPTH (FEET)

Chemical analyses of six hard and soft limestones are
presented in the adjacent table. The hard limestone is very
pure. The soft limestone contains considerable peat. The
elements that make up clays, quartz sand, metallic minerals,
and nutrients are conspicuously sparse. Certain elements
of importance to animal and plant health, such as arsenic
and mercury, are probably present in trace amounts, below
detectability by the methods used.

The hard limestone and sandy limestone below it, which
is not exposed at the surface here, together constitute the
principal source of water, the Biscayne aquifer.

Another aquifer, the Floridan aquifer, is separated
from the Biscayne by about 800 feet of rock that does not
yield water. Much thicker than the Biscayne, the Floridan
aquifer contains only brackish and salt water.

Chemical Composition

The compositions of rocks and soils influence mineral
resource use, water quality, the nutritional value of farm
produce,and the safety of the environment.

S/OFT LIMESTONE (MARL)

Biscayne

The chemical analyses below are representative of the
limestones in Dade County. They are relatively pure except
for peat components in the soft limestones (marls), reflected
in high organic matter, and sparse quartz sand, shown by
silica (SiO3z). Elements making up clays, metallic minerals,
and nutrients (K; O, P> Os) are generally low. Such lime-
stones provide little residuum upon weathering. The farmed
marls require much fertilizer, containing iron as well as con-
ventional additives. Potentially harmful elements such as
arsenic and mercury are insignificant in these rocks.

Ground Water

The limestones near the surface are coarse-grained
shelly rocks containing many cavities. Many are capable
of holding and transmitting much water. These rocks make
up the Biscayne aquifer, which is as much as 120 feet thick
under Miamibut thins to a few feet in western Dade County.
The rocks below are finer grained, less permeable, and seal
off aquifers.
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(Geology of offshore islands not mapped.)

HARD LIMESTONE SOFT LIMESTONE PEAT QUARTZ SAND SHELLY SAND AND MUD
(SECTION B-B')

The surface of most of south Dade County is hard limestone, soft limestone, and peat. Small patches of
quartz sand, shelly sand, and mud are present in some areas. Note: Barrier islands not mapped.
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URBANIZATION

POPULATION, IN MILLIONS

0
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The ever-increasing population is causing increased stress on the nat-
ural resources of the area. )/

Each year tens of thousands of people move to south
Florida, and thousands are born there. Providing the neces-
sary housing, schools, transportation facilities, and related
public services for the new residents requires land and other
natural resources. The faster the population grows, the
greater the strain on the already taxed natural resources.

Air Freight Activities,
Air Home Office Activities,
and Research

Other Basic
19%

Agriculture
2%

Wholesaling
3%

Aircraft Maintenance
and Overhaul — 5%

Other Labor

Income — 3%

Dade County’s broad base of economic activity should continue to
stimulate growth in the future. 2/

Urbanization brings a host of interrelated resource prob-
lems, such as land development, water supply, waste dis-
posal, flood protection, water management, environmental
degradation, and pollution. In south Florida, as in the rest
of the country, an increased awareness of the consequences
of urbanization is leading to changing concepts of urban
planning and resource management, emphasizing con-
servation and wise use of our natural resources. The rapid
growth of the area requires immediate responses and de-
cisions now and will continue to do so. Land use alterna-
tives must be evaluated now if south Florida is to go on being
a good place to live.

Trends in Urban Growth

Dade County’s sunny weather and sandy beaches at-
tract more than 8 million visitors each year, and many be-
come permanent residents. For a long time, income from
tourism and from pensions and annuities of retirees ac-
counted for most of the economic base. However, recent
expansion of industrial and commercial enterprises into
national and international markets has created an income
base exceeding that supplied by tourism and retirees.
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The large increase in the number of employees of manufacturing firms
in the past decade is one indication that the base of economic activity
is expanding and broadening._2/

Climate and location are key factors in the rapid com-
mercial and industrial growth. Miami is the gateway to
South and Central America, through its seaport facilities
and direct airline connections to most of the trade and mar-
keting centers there. Ready access to foreign markets has
induced many large firms to locate national and interna-
tional offices here. Nearly 4,000 small manufacturing firms
serve national markets as well as those in the Caribbean
islands, the Bahamas, and Latin America. Further, a large
air transport maintenance and service industry has de-
veloped.
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Production of electrical energy increased three-fold between 1960

and 1970.



Water Use

In 1970 all of Dade County used about 275 mgd (mil-
lion gallons of water each day) from public supplies as well
as millions of gallons pumped from private wells. About
230 mgd, from public supplies, was used for household,
commercial, and industrial needs, and 45 mgd for irrigation.

! I I

1950 1960 1970
YEARS

The ever-increasing demands for water will require increasingly com-
plex water-management systems.

Nearly all of the irrigation water was used in south Dade
County; but only about one-third of the water for other
uses. Agricultural use will probably decrease as urban
development increases. Much recreational use is made of
south Dade’s waterways. The significance of such use is
best viewed, not in volume of water, but in terms of adequacy
to meet projected demands as discussed later.

Liquid-Waste Disposal

Half of the residents of south Dade County are served
by sewers, half by septic tanks. Of about 80 mgd of waste-
water produced, about 40 mgd is collected by sewers and
treated. Of 29 sewage treatment plants, 15 discharge ef-
fluent into inland canals, 12 discharge into drainfields,
one (the city of Miami’s Virginia Key plant) discharges into
the ocean, and one employs deep-well injection. The en-
vironmental aspects of liquid-waste disposal are discussed
later.

Solid Waste

In addition to liquid wastes, about 1,000 tons of solid
waste are generated each day. Ata compacted density of 40
pounds per cubic foot, the daily volume of refuse is
50,000 cubic feet—enough to cover a football field with
about a foot of compacted solid waste.

Transportation

Highway transportation is the principal means of access
to south Dade County, via U.S. Highway 1, Palmetto Ex-
pressway, Krome Avenue, and Old Cutler Road. These
routes are heavily used, and rush-hour delays are prevalent.
Congestion is little relieved by the present mass-transit sys-.
tem, which consists of buses travelling on these congested

roads.

1920 1940 1960
YEARS

Disposal of ever-increasing amounts of solid wastes will tax the nat-
ural resources of the area.

Transportation routes have stimulated growth by
providing ready access. Additional routes, both proposed
and under construction, and a proposed mass-transit sys-
tem will further improve access, which in turn will sustain
past trends of rapid urbanization.
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URBANIZATION

Land Use
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-Industrial (13)
- Extractive (14)

- Transportation, Communications and Utilities (15)

- Institutional (16)

- Strip and Clustered Settlement (17)

- Open and Other (19)
AGRICULTURAL LAND

- Cropland and Pasture (21)

- Orchards, Groves, Bush Fruits, Vineyards, and

37'30" f

30’ Horticultural Areas (22) TH

FORESTLAND
- Evergreen (Coniferous and Other) (42)

WATER

Lakes (52)
_ Reservoirs (53)
' -Bays and Estuaries (54)

' NON-FORESTED WETLAND
_Vegetated (61) n

BARREN LAND

Turkey Point

25222130

Beaches (72)

5 0 5MILES
I | 1 1 1 l J
l T T T T | r
5 0 5 KILOMETERS
Land Use in 1971 crops and tropical fruit groves. Agriculture generally term-
Most of the urban land is residential. Strips of com- inates at the canals that border the Everglades. Sawgrass
mercial and industrial land follow major transportation wetlands constitute the natural land of the Everglades in
routes. Industrial, extractive and other urban uses are minor. the area. "The hammocks within the Everglades are sparsely
Land along the fringe of the urban area is used for both row forested with small trees.
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LAND USE CHANGE

1963 Land Use

URBAN AND BUILT-UP LAND

Residentiat

Commercial

Industrial

Transportation, Communication and Utilities

Open and Other

HEEE |

AGRICULTURAL LAND

Cropland and Pasture, Orchards, Groves,
Bush Fruits, Vineyards and Horti-
cultural Areas

W
N
S
g
Q

FORESTLAND

Evergreen (Coniferous and Other)

WATER
Turkey Point

Bays and Estuaries

NON-FORESTED WETLAND
Vegetated

NOTE: The color indicates the 1963 land use as shown. The two digit number
refers to the 1971 land use as is indicated by the number in parenthesis for the
1971 land use code on the adjacent page.
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Land-Use Changes 1963-1971

Recent land-use changes may be appraised by com-
paring use as shown on aerial photographs taken in 1963
with use as determined by the 1970 census, aided by photo-
graphs taken in 1971. Not all changes are evident on the
aerial photographs so that the changes identified do not
reflect the total changes of the area.

The change in land use since 1963 is primarily a de-
crease in open land and an increase in urban built-up land.
The numbers for each polygon of change indicate the land
use corresponding to that of the 1971 map on the adjacent
page, and the colors of the polygons correspond to the 1963
land use. The land use for that part of the map shown in
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white was the same in 1971. The predominance of shades
of green and orange above indicates that much land pre-
viously covered by some form of vegetation has changed
to urban and built-up land since 1963. A major exception
is the areas of sawgrass wetlands which have been drained
and converted to agricultural use since 1963. Some forest-
land has changed to agriculture and to residential and other
urban use. The orange polygons are indicative of increases
in built-up land in the urban area. In most instances open
urban land was converted to residential developments. In
general, the residential density has increased in the urban
area and urbanization is extending westward into former
agricultural land. Inturn, new agricultural lands are extend-
ing westward into the natural Everglades area.
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URBANIZATION

Land-Use Trends

In the urbanized area as delineated in the 1970 census
of population, residential and commercial land has in-
creased at the expense of agricultural and urban open land.

In the incorporated places about 66 percent of the land-
use change has been on open urban land, 13 percent on
cropland, 7 percent on forestland, and 14 percent on other

land uses.
In the unincorporated areas the land-use changes have

been on 43 percent of the open urban land, 27 percent on
cropland, and 30 percent on forestland .

These percentages refer to the nature of the changes
and not to the land use changes as these relate to the total

area.

In general the trends show an increasing residential
density and a westward expansion of the built-up and
agricultural areas encroaching on the natural Everglades

area.
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Incorporated Unincorporated

places places and areas

Most of the urbanized areas of south Dade County are not included in
incorporated communities.

Industrial, Extractive,and Transportation 2%
Cropland and Pasture 3%

Open and Other Urban 4%

0
Crovesits: Institutional 2%
Commercial and Strip

10,
Forest 10% Settlement 12%

Other 1%

Residential 65%

INCORPORATED

Industrial, Extractive, and Transportation 2%
/

/" Open and Other Urban 7%

Cropland and Pasture 14%

Groves 2%

Forest 6% Institutional 2%
Commercial

Other
5%

Residential 60%

UNINCORPORATED

The diagrams of percent of land use in urbanized areas in 1970 show
that the unincorporated areas include much more open and agricul-
tural land than the incorporated areas.

Land Most Readily Developed

Much of south Dade County could be readily developed
without additional drainage facilities; however, filling
would be necessary in places to raise the surface to the flood-
criteria elevations established by Dade County.

Areas in the Everglades and the marshes in the south-
eastern part of the area are not readily urbanized because
of the high water table and periodic flooding. Efforts at
the local, state, and federal levels to preserve wetlands prob-
ably will inhibit urbanization or other development of much
of the wetland area of south Dade County.
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LAND RESOURCES
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If population increases at the projected rate, all readily developable

land should be urbanized by the year 2000.

New, taller buildings erected in the last decade are increasing urban
density in the already developed coastal areas.
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l:] Urban area — 1970
Non-urban (developable) — 1970

| Non-urban (not readily developable) — 1970

- Everglades National Park
- Conservation area No. 3

About one-third of the land most readily urbanized is already de-
veloped; much of the remaining two-thirds is used for agriculture 3/




NATURAL HAZARDS

The principal natural hazards in south Dade County
are flooding from storm runoff and hurricane tides, de-
struction by hurricane winds, and foundation problems
arising from unstable rock conditions.

Earthquakes, a significant hazard in nearby South
Carolina and Cuba, are a minimal risk in Florida.

Flooding from Storm Runoff

Because south Florida is flat, drainage of storm water
was extremely slow and large areas were flooded until the
network of drainage canals was constructed. This network
has significantly reduced the storm flood hazard, but some
low areas are still flooded often. In places, it is necessary
to raise the land surface by filling to avoid flooding.

The Dade County Public Works Department has
established minimum elevations for lots on which buildings
can be constructed and on streets that serve them to prevent
or minimize seasonal flooding, and to provide for proper

80°15'

EXPLANATION

(Offshore islands not mapped)
FILL REQUIRED

Much of the land in the area requires several feet of fill to raise it to the
flood-criteria level established by the Dade County Water Control
Division. Lack of fill material may inhibit development. 1/

25°

267
30'
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operation of septic tanks where they are the sole method of
wastewater disposal. Land below these established mini-
mum elevations cannot be used for streets or building unless
filled to the required level. As much as 5 feet of fill is re-
quired in low parts of south Dade County. This has impor-
tant environmental implications.

Zoning, as required under the National Flood Insurance
Act of 1968, could significantly reduce future developnient
in the low-lying areas of south Dade County affected by the
100-year flood.

Hurricane Effects

Hurricanes cause loss of life and destruction of prop-
erty as a result of high winds, torrential rains, and extraord-
inarily high tides.

September and October are months of anxiety in south-
eastern Florida because of hurricanes. Coastal areas such
as south Dade County are particularly sensitive because the

TROPICAL STORMS AND HURRICANES IN AND NEAR
SOUTH DADE COUNTY

TROPICAL STORM HURRICANE GREAT HURRICANE

Wind velocity 38-74 mph 74-125 mph over 125 mph
Number since 1886 14 13 4
Avg. return interval 6 yrs. 7 yrs. 22 yrs.

Potential damage 1-30 million

from 1 hurricane

26°00’ T T

TAMIAMI

25°10" DA BAY

| FLOR{
: j L /4 il

The figure in each of the segments of the diagram is the number of
hurricanes whose paths were in that segment of the diagram. Most
hurricanes approach the area from the east-southeast. A second
major trend is from the southwest.

over 300 million
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EXPLANATION
Tidal surge
15 feet 10 feet 5 feet 2 feet 2 feet

(combined effect
of storm surge and
10 inches of rain)

Hurricane tides can inundate much of the coastal area. Shown here
are areas prone to such flooding as defined by the National Hurri-
cane Center of the National Oceanic and Atmospheric Administration
from historical records of hurricane tide elevations and topographic
data. 2/

point of hurricane entry from the ocean is generally the area
of greatest damage. More than half of the 17 hurricanes
since 1886 whose path crossed within 50 miles of the center
of south Dade County approached from the ocean. The
tidal surge and wave action developed by the intense winds
and low barometric pressure may produce the greatest
damage. A tidal surge of about 14 feet has been recorded
in the south Dade area. Such a surge would inundate a
large part of south Dade County. Metropolitan Dade
County building codes incorporate design features which
protect homes and businesses from destruction under
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hurricane-force winds.  However, design features that
would offer full protection under Great Hurricane force
are not economically feasible. Heavy rainfall associated
with hurricanes floods low-lying areas for several days. It
is difficult to estimate the maximum total damage of a great
hurricane; however, some estimates place the economic
losses near the billion dollar mark. %/

Foundation Hazards

Most of Dade County is underlain by limestone having
solution cavities. A few general localities underlain by
exceptionally large cavities are known but have not been
mapped. The cavities significantly reduce bearing strength,
so that high buildings generally require special foundations.
Normal concrete footings, however, are usually sufficient
to support two- or three-story buildings.

The cost of special foundations required in areas of
unusually porous limestone is high. Nevertheless, poor
foundation conditions have not inhibited construction.

Homestead

Turkey Point

16

24

Major cavity zone

32

Biscayne aquifer

40

48

DEPTH BELOW LAND SURFACE, IN FEET

56

64

EXPLANATION

Open cavity

Cavity filled with loose sand

Quartz sand

Distribution of cavities is shown schematically at two sites in the south
Dade area.



MINERAL RESOURCES

The most significant mineral commodity is limestone,
found at or near land surface throughout the entire area,
and used as base material for roads and airport runways, as
construction aggregate, and in the manufacture of cement.

Small quantities of oyster shell were, in the past,
dredged for use in road construction. However, restrictions
against dredging have eliminated oyster shell as a mineral
commodity. No oyster shell was dredged in 1971.

Economic Aspects

The principal product of the construction minerals
industry is crushed limestone which varies in size depending
upon end-use specifications. These specifications are
largely governed by needs of the largest single purchaser,
the Florida Department of Transportation. The two princ-
ipal criteria are abrasion resistance and carbonate cement.
Generally, stone to be used for aggregate must possess an
abrasion resistance in which the material loss as determined
by the Los Angeles Abrasion Test-,2/ does not exceed 40
percent. Specifications require that the carbonate content
of limestone must not be less than 70 percent, but may be
as high as 95 percent, depending upon intended use. Most
of the limestone meets both specifications.

Three percent of the total limestone output in 1971,
crushed to one-fourth inch or less, is marketed locally as
sand and gravel.
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HARD LIMESTONE (Miami Oolite)

<
38-40 percent loss in Los Quarry
Angeles Abrasion Test

Less than 38 percént loss in
Los Angeles Abrasion Test

Large areas of south Dade County are underlain by limestone suitable
for construction material.

Approximately 25 percent of the limestone quarried is
used to make Portland cement, but local production does
not meet demand and much is imported.

The total limestone resource is about 85 billion tons, of
which 32 billion tons is available for quarrying under pre-
sent conditions. The remainder is unavailable because of
urban development.

Quarry operators seldom stockpile limestone and there
are virtually no imports of crushed limestone. The combined
production of limestone in Dade and adjacent Broward
County increased from 10.9 million tons in 1962 to 21.3
million tons in 1971. By 1985, production of approximately
33.0 million tons is projected for the two counties. In 1962
and 1971, prices per ton, f.o.b. quarry, averaged $1.06 and
$1.42, respectively; by 1985, a price of $3 per ton is expected.

DOLLARS, PER TON

0
1962 1967 1970 1975 1980 1985
YEARS

The upward trend of the price of crushed limestone is expected to con-
linue.

Quarrying Methods

The average depth currently being quarried is 40 feet.
Overburden is removed by bulldozer and placed around the
perimeter of quarry sites. Holes are bored in the limestone
and blasting agents are emplaced and detonated.

Quarrying limestone is the largest mineral industry in the area.



Quarried limestone s crushed
other uses.

to specifications for construction and

Abandoned quarries frequently become lake-centered real estate de-
velopments.

The fragmented limestone is extracted by dragline.
Because of the shallow water table, drilling, blasting, and
extracting are largely done under turbid water, which reduces
quarrying efficiency.

After extraction, the limestone is placed on a surge
pile for partial drying. It is then removed by conveyors or
trucks to primary and secondary crushers for reduction
and sizing to end-use specifications.

A factor that will take on increased significance in the
future cost of crushed limestone is length of haul. While
direct costs in 1971 run about $1.25-$1.65 per ton, truck
haulage adds $0.15-$0.25 per ton for the first mile and
$0.05-80.10 per ton for each additional mile.

17

|
Environmental Implications

Most residents do not welcome a limestone quarry as
a neighbor. | The principal objections to most quarries are
dust, noise, and traffic. Fortunately for their neighbors, the
quarries of south Dade County are filled with water which
reduces botl’J dust and noise. Further, dust-control measures
such as water spraying of crushers and roads are also used.

Although dust and noise problems are minimized,
conflicts still arise between quarries and their urban neigh-
bors. Such conflicts generally result in statutory regulations
which limit working hours and quarrying procedures.

As the‘ urban area expands, active quarries and
potential quarry sites are encroached upon. The conflict
between quarrying and urban use of land tends to force quarry
operations to remote areas, which significantly increases
transportatig%n cost, that in turn becomes a large part of the
total cost of [the product. Consequently the effects of con-
tinued urban expansion and corresponding economic growth
on limestone quarrying should be considered in urban
planning. |

No major or lasting water pollution problems result
from quarryﬂ‘ng operations in south Dade County. Water
turbidity is temporary, and the water soon clears when
operations cease.

The long-range effect of quarrying on land values in
south Dade County is variable, but generally it is beneficial
as abandoned quarries commonly become recreational
lakes. Dade County requires a rectangular pattern of
quarrying which results in choice lake-front land. For
example, peripheral land worth $15,000 per acre before
quarrying may be worth $25,000 per acre after quarrying.

The demand for crushed limestone is increasing. Future
restrictions on quarrying would limit the supply of low-cost
limestone. Reduction in limestone production or increase
in limestone price could retard growth.
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The demand foﬂ crushed limestone in Dade County has paralleled the
population growth.



MANAGING THE WATER SYSTEM

South Dade County is at the south end of a regional water
system managed by the Central and Southern Florida Flood
Control District. The District maintains and operates a
system of levees, canals, control structures, pumping
stations, and water storage areas by which the fresh water
resources of Palm Beach, Broward, and Dade counties are
managed. The levees impound water in Lake Okeechobee
and in three conservation areas. They prevent sheet flow
from the Everglades and Lake Okeechobee through agri-
cultural and urban areas during the rainy season, June
through October. Pumping stations at the edges of the
conservation areas provide flood protection by pumping
excessrainfall from the Everglades agricultural area and other
flood-prone areas into Lake Okeechobee and the three
conservation areas. Thus, the system not only protects
against flooding, but also conserves water. Water is trans-
ferred from the conservation areas into Everglades National
Park, or to coastal cities as needed.

Canals drain the urbanized strip along the coast. They
also transfer water from Lake Okeechobee and the con-
servation areas to the Everglades agricultural area and to
the east coast to replenish ground-water reservoirs near
municipal well fields and to prevent sea-water intrusion.
Flow in the canals is regulated by coastal control structures
which are normally open or partly open during the rainy
season. The structures are generally closed during dry sea-
sons to prevent inland movement of salt water.

Water levels in southeast Florida rise during the rainy
season until they reach annual highs, usually in October.
Water levels are highest in Lake Okeechobee and the water-
conservation areas and slope toward the coast. Flow in the
canals is regulated so that ground-water levels in the urban
and bordering farmlands are maintained at levels low enough
to prevent flooding.

Outflow from the canals varies from year to year de-
pending upon rainfall. At the end of the rainy season, most
coastal controls are closed to conserve water; thereafter,
water levels normally decline to their annual lows, usually
in May. On the average, 40 or more inches of the 60 inches
of yearly rainfall is lost by evapotranspiration; the remain-
der is lost by canal discharge to the ocean, by ground-water
seepage along the coast, and by withdrawals for municipal
supplies and irrigation that are not returned to the hydro-
logic system. Although withdrawals represent the smallest
part, they are ever-increasing.

Scheduled releases from one of the conservation areas
are made during the year to sustain plants and animals in
Everglades National Park. Late in the dry season water is
also released from the conservation areas to the canals, as
required, to maintain water levels near the coast and to sus-
tain well fields. During much of the dry season, eastward
flow in canals is maintained by water seeping under the
levees of the water-conservation areas. However, water in
the canals is not discharged to the ocean; rather it recharges
the Biscayne aquifer along the coast. During prolonged
drought some water can be transferred directly from Lake
Okeechobee through the conservation areas to points of
need along the coast. Usable storage in the lake is usually
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shared by municipalities, agricultural interests, and Ever-
glades National Park. Getting this water to south Dade
County, however, is difficult because of its location and
lack of facilities to transport the water.

Sea-water intrusion has been and will continue to be
a major threat to the water resources of southeast Florida,
particularly those of south Dade County. The greatest
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Extent of Biscayne aquifer

The water-management system of southeast Florida consists of levees,
water-conservation areas, canals and control structures, and pumping
stations. The system is operated to provide both surface drainage
and recharge for the Biscayne aquifer.-V/



inland penetration occurred before 1946, when canal flows
were not regulated by control structures. Intrusion then
was the result of overdrainage by canals rather than pump-
ingZ  Water management practices of the Central and
Southern Florida Flood Control Project, beginning in
1952, have stabilized the sea-water intrusion. However,
during the drought of 1970-71, ground-water levels de-
clined abnormally and in parts of south Dade County salt
water temporarily advanced more than half a mile inland
from its normal positioni./ Preliminary studies indicate
that a drought of this magnitude may be expected only
once in several centuries.

The chief water problems presently facing water man-
agers are: (1) satisfying the water demands of an ever-in-
creasing population while still retaining sufficient water in
the system to meet the needs of the aquatic environments;
and (2) upgrading and maintaining the water quality in the
water-storage areas, the canals, and the aquifer. Reducing
discharge of surplus water to the ocean can moderate
water shortages in south Dade County and the National
Park.

All municipal water systems from Boca Raton south-
ward are supplied from the productive Biscayne aquifer,
which extends from the south tip of Florida northward into
Palm Beach County. The aquifer is wedge-shaped, thick
near the coast, and thin along the western and central parts
of the Everglades. In coastal Miami it extends to a depth
of about 120 feet, and in coastal south Dade County to
about 80 feet. The aquifer is very productive in south and
central Dade County. It contains fresh water, except along
the coast where it is intruded by sea water.
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The extensive canal network in south Dade County, constructed after
1960, lowered peak water levels to reduce flooding. The effect of the
network was a general downward displacement of water levels. Shown
here are hydrographs of ground-water levels for 2 wells in the area>/

Water-Related Problems

Flood Protection

Residential clusters suburban to Miami began to appear
in the Snapper Creek Canal area in the mid 1950’s. Before
then only small scattered areas, primarily along the high
parts of the Coastal Ridge, between Miami and Homestead,
were occupied by housing. Most of the remaining area
was agricultural. Flooding in most of south Dade County
during rainy seasons tended to retard urban development.
Flooding and heavy damage south of the Snapper Creek
Canal associated with Hurricane Donna in September
1960, however, provided the impetus for extension of the
drainage canal network into south Dade County. The
network, completed in 1967, resulted in rapid urban de-
velopment since the mid 1960’s.

S-182
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In some coastal areas annual minimum water levels were raised as a

result of the canal network. Shown here are water levels for 2 wells
near the coast.2/

Low-Water Levels

The cana

s have lowered water levels in the interior of

south Dade County sufficiently to prevent flooding; but

the range in
Along the coa
but minimum

nnual water-level fluctuations has increased.
st, maximum levels were lowered 2 to 4 feet,
levels are higher than in pre-canal times.

The rise in low-water levels near the coast (wells F-319,
S-182)helps retard sea-water intrusion. Water levels are

lowest in the

south part of the area where they have de-

clined below sea level in 8 of the 10 years between 1961 and

1970/




MANAGING THE WATER SYSTEM

Water levels in south Dade County are low each dry
season. When they decline below sea level for a long time,
plants and animals in Everglades National Park suffer from
lack of water. Such a condition existed in the spring of 1971
(see map). At that time, the water level in the south was
lower than 1.5 feet below sea level so that hydraulic gra-
dient there was northward and inland, from Florida Bay
and Biscayne Bay toward the south part of the Park and
Homestead. ©~ As the southernmost water-conservation
area was nearly dry, the only fresh-water replenishment
was ground water moving eastward and southward
from that conservation area. Fortunately, this low-water
condition was temporary. After the rains in early June
1971, water levels began to rise and the normal seaward
gradient was restored.

Low-water conditions exist each year. Consequently,
the threat of sea-water intrusion will recur with equal or
greater severity as water demands increase, unless ad-
ditional water is supplied to south Dade County.
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Area where water Observation well
table was below
sea level

Near the end of the prolonged drought of 1970-71, water levels were
below sea level throughout the south half of the area. Salt water
moved inland and plants and animals in Everglades National Park
were severely stressed.3/

-] ——
Water-table contour in feet
Dashed where estimated

Sea-Water Intrusion

Sea water has intruded the Biscayne aquifer along the
coast from less than half a mile inland to about 8 miles in-
land (see map). Salty water in the canals and in the aquifer
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Sea-water intrusion is a problem in coastal south Dade County. It
can be minimized through strict water-conservation measures and by
increasing fresh-water replenishment from the water-storage system.

moves in reponse to seasonal rainfall. During the rainy
season, increased runoff dilutes sea water in the tidal
reaches of canals; at the same time, rising ground-water
levels throughout the area push the salty ground water
downward and seaward in the coastal part of the aquifer.

During the dry season, runoff to the ocean decreases
or stops, and sea water moves upstream toward the coastal
control structures. As water levels decline, sea water moves
inland and upward in the coastal parts of the aquifer. The
dense salt water moves inland along the lower part of the
aquifer and the fresh water moves seaward in the upper
part of the aquifer (see facing page)i./ Salt water has
intruded a wide coastal zone in the south because water
levels there during each dry season are lower than they are
in the remainder of the area; also the land is low, only 1 to
4 feet above sea level, and is subject to periodic tidal flooding.

At the end of the drought of 1970-71, salty water in
the aquifer had moved more than half a mile inland from
its 1970 position in the Canal 111 area, and in the area



between Canal 102 and Mowry Canal. As the drought
intensified, salty ground water in these two areas moved
inland and upward and seeped into the controlled reaches
of the canals. The contaminated canal water then moved
inland and seeped laterally and downward into the aquifer.
The seepage was particularly critical in the Canal 102-
Mowry Canal area where pumping at Homestead Air
Force Base accelerated inland movement. As a tempo-
rary precaution, new supply wells were drilled farther in-
land to minimize salt-water movement and to prevent
long-term damage to the permanent well field. The inland
movement of salt water in the Snapper Creek Canal area
was not as severe because water levels there were main-
tained above sea level throughout the drought.

Further changes in the salt-water front in the Biscayne
aquifer can be expected as a result of the drainage. How-
ever, movement of sufficient water to the south during dry
season in accordance with existing plans, will control
further intrusion of sea water. Largest increases in user
demands in the area will be from the Key West (Navy) and
Homestead systems. However, supplying these increases
will require that supplemental water for local recharge of
the Biscayne aquifer be made available$/

DISTANCE FROM BAY, IN FEET

800 0
T

1600

Biscayne Bay

-40

DEPTH, IN FEET

The pattern of salt-water intrusion in the Biscayne aquifer is shown
schematically.

Municipal Pumpage

The Orr-Southwest well-field complex, the largest
in south Dade County, furnishes water to much of the
city of Miami as well as to Coral Gables, West Miami,
South Miami, Key Biscayne, and adjacent unincorporated
areas. It will eventually serve the northern third of south
Dade County. The combined well field includes 10 wells
of 70 mgd capacity in the Orr section, and 10 wells of 100
mgd in the Southwest section. The wells average 90 feet
deep.

Because of the high permeability of the Biscayne
aquifer and the good hydraulic connection between the
aquifer and Snapper Creek Canal, a major part of the water
pumped by the city of Miami well field is derived by in-
filtration from the canal (see map).
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The largest municipal well field in south Dade County, the Orr-South-
west field of the city of Miamu, is recharged primanily by seepage from
the controlled reach of Snapper Creek Canal. The well field is pro-
tected from sea-water intrusion by the ability of the canal to maintain
relatively high water levels 2/

Ground water

New we{l fields probably will be needed to serve the
growing pop§ulation. These fields are best located far
enough inland to negate the threat of sea-water intrusion.
Pumping of well fields in selected intercanal areas would
lower water levels and reduce evapotranspiration. Water-
level drawndowns due to pumping would finally be sta-

bilized by inducing infiltration from distant canals Z/

Water-Management
Alternatives

Projecte&l growth in south Dade County will further
stress the water resources. Implementation plans to in-
crease the capacity of the Levee 31 Canal will facilitate
movement OJ water from the water storage areas to south
Dade County. However, increasing the capacity of the
delivery system will be of little consequence if water is not

available for t{"_ansport.

Water needs for a growing population can be at least
partly satisfied by conserving for use during dry season
excess water That otherwise would flow to the ocean during
the rainy season. However, conserving this water could
change the amount and distribution of water in the aquatic
environs with resultant effects on plants and animals.
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Backpumping Storm Water

One method for alleviating water shortages during dry
periods is to pump back into Conservation Area 3 storm
water that would otherwise flow to the ocean. Pumping
stations could be located along Levee 30 at the north county
boundary, at the Tamiami Canal, and at an intermediate
site®/ Storm water could be backpumped from an area
of about 175 square miles east of Levee 30 in the north
half of the county. A network of canals dissecting the area
would be necessary to facilitate movement of water to the
pumping stations. Pumping would be frequent during
rainy seasons and sporadic during dry seasons. The in-
creased water storage in Conservation Area 3 would permit
increased regulated releases of surface water to canals
and additional seepage to the canals from Conservation
Area 3. This in turn would maintain high water levels
at the coast for longer periods which would retard sea-
water intrusion and furnish long-term recharge for mu-
nicipal well fields. Water thus recovered would help
minimize biologic changes in Everglades National Park
if the water quality is not impaired.

During the past 12 years, seaward flow from canals
in Dade County north of Snapper Creek Canal was about
1,200 cfs (cubic feet per second). In the lowest year, it
averaged about 600 cfs. If only half of this minimum flow
were backpumped, an additional 200 mgd could be re-
covered for use. Based upon present water consumption
rates in Dade County,—zlthe hydrologic system within Dade
County augmented by backpumping could sustain a total
county population of 2.5 million, without further stress

| conNTROL

EXCESS

SURFACE || _CONTROL

LEVEE 31

One way to alleviate water shortages during droughts is to backpump
to the water-conservation areas part of the excess storm water cur-
rently being discharged to the ocean during rainy seasons.

on the water resources. The water backpumped, however,
must be of acceptable quality. Excessive nutrients, pesti-
cides,or toxic metals in the water could change or adversely
affect aquatic life in Conservation Area 3 and Everglades
National Park.

Backpumping would decrease the flow of fresh water
into north Biscayne Bay which in turn would alter the
seasonal salinity of the water. As this part of the bay has
been degraded by waste discharge and dredging,'—of the
changes in salinity may not be important. Backpumping
would reduce flooding over a large area that is now unde-
veloped and encourage agricultural and urban develop-
ment. Without adequate pollution controls this develop-

ment could further degrade the quality of water that would
be backpumped to Conservation Area 3.

—=—TO SOUTH DADE

Another alternative is forward pumping which involves the eastward
pumping from surface and underground storage in the conservation
areas into the urban canal system to augment coastal water supplies.

Forward Pumping

Forward (seaward) pumping of water from surface
and underground storage in Conservation Area 3 could
augment water supplies in coastal areas during periods of
prolonged droughts. The pumped water would be dis-
tributed to the canals which furnish recharge to major well
fields and to the Levee 31 Canal for delivery to south Dade
County. A network of canals would be required in Con-
servation Area 3 to allow water to move to the pump in-
takes. Equipment used for backpumping could also be
used for forward pumping.



Forward pumping would salvage water that is ordi-
narily lost by evapotranspiration in Conservation Area
3%/ However, prolonged pumping would further reduce
the water in storage and could result in changes in the biota
in Conservation Area 3 and the interior of Everglades
National Park. On the other hand, forward pumping to
south Dade County would benefit biologic communities
in the southeast panhandle of the Everglades National Park.

To sustain proper water levels at coastal control struc-
tures in the selected canals, the quantity of water to be
pumped forward would have to equal the quantity of water
lost by seepage at the coastal controls (about 50 cfs per
canal) plus the quantity diverted by well field withdrawals%/
The lowering of water levels in Conservation Area 3 would
be seasonal, as water lost from Conservation Area 3 by
forward pumping would be replenished during the rainy
season.

Inland Control Structures in Canals

Secondary control structures along the inland reaches
of canals reduce fresh-water losses by maintaining higher
water levels in the interior areas and preventing over-
drainage of ground water®/ The structures give flexibility
to management operations because coastal urban areas can
be protected from flooding while inland drainage can be
minimized. All primary canals in south Dade County south
of Snapper Creek Canal are equipped with such inland
control structures.

Water levels can be stepped up from the coast to the water storage
areas by inland control structures in canals.

Inland control structures in south Dade canals are less
effective in reducing fresh-water losses to the ocean than
those in other areas because of the higher permeability of
the Biscayne aquifer there. The high permeability allows
more water to seep around the structures and out of the
controlled reaches of canal. Despite this high permeability,
additional structures on Snapper Creek and Black Creek
Canals would help delay runoff and conserve fresh water.

Reducing fresh-water discharge to the ocean would
not only decrease the rate at which water levels decline but
also would reduce the period that water levels in the south
part of the area and Everglades National Park are below
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sea level. High water levels may make it more difficult to
urbanize some interior areas but would benefit aquatic
environments. Water conserved through operation of in-
land control !structures could complement the backpumping
plan for water conservation.

Further saving of water in the controlled reaches of
the canals might be accomplished by grouting the limestone
at the control structures or by lining the canals upstream
from the structures to reduce seepage.

Coastal Urbanization

Much of the coastal area in south Dade County is less
than 5 feet above sea level. Except for a coastal fringe of
mangrove and salt marsh, the land is used for agriculture.
Farming normally begins late in the rainy season, and ex-
tends well into the dry season. During this growing season
control structures are regulated to maintain low water
levels necessary for agricultural production. In some years
fresh water is discharged to the ocean for several weeks in
the dry season, a practice not compatible with water con-
servation4/
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Urbanization of coastal areas requires filling to elevations above
tidal flood levels.

Land-use and population projections indicate that agri-
cultural areas in south Dade will gradually be urbanized.
To accomodate urban development, low-lying lands would
have to be raised to meet county flood-criteria elevations.
Water levels at coastal structures in the major canals (Black
Creek, Canal 102, and Mowry) could then be raised from
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the present operating level of 1.5 feet above sea level to 3.0
or possibly 3.5 feet above sea level. At these higher levels,
the coastal controls would have to be opened for short
periods to discharge flood water but, at other times, the
controls would be closed. Thus, much of the water now dis-
charged to the ocean could be conserved.

Raising water levels by coastal control structures will
also raise water levels in the interior and reduce seepage
from Conservation Area 3. These higher coastal levels
would probably move the salt front in the Biscayne aquifer
toward the sea. Unless carefully controlled, development
would destroy the salt marsh-mangrove environment that
fringes the coast. Dredging and filling necessary for de-
velopment would damage the coastal zone. Permanent
environmental degradation such as that experienced in
north Biscayne Bay could occur. The reduced flow to south
Biscayne Bay as a result of increased water levels would
approximate the flows before the canals, and thus little
alteration in the bay environment would be expected.

Development in Flood-Prone Areas

In the past, flooded land was drained by canals to per-
mit urban development. In the future, because of impending
water shortages, development of inland marginal and
flood-prone areas will probably be by borrow-and-fill
method which raises land above flood levels'Y. Although
this will minimize water losses and damage to aquatic en-
vironments, it will increase costs of land preparation, build-
ing, and installing utilities and roads. Most of the area
developable by borrow-and-fill is west of the levee sys-
tem.

Deep Aquifer Storage of Storm Water

A potential, although untested, method of conserving
water is to store excess water in the upper part of the
Floridan aquifer (see illustration).

This aquifer underlies the Biscayne aquifer and is
separated from it by an 800-foot-thick confining layer.
The part of the aquifer between depths of 800 feet and 1,500
feet appears especially suited to injection, storage, and
recovery of fresh water. Yields from large-diameter wells
in this aquifer are more than 2,000 gallons per minute of
brackish water of 2,000 to 5,000 milligrams per liter of
chloride. Therefore, it is theoretically possible to inject
under pressure fresh water at similar rates. The injected
water should maintain itself as a lens of recoverable fresh
water. As the aquifer is under high artesian head (40 feet
above sea level), the water could be recovered by natural
flow. This type of storage would eliminate evapotranspira-
tion losses and could complement backpumping pro-
grams in a comprehensive water-management program.

Water would be injected during the rainy season from
canals or from shallow wells in the Biscayne aquifer adja-
cent to canals. Pumping from shallow wells probably would
minimize well clogging, a problem which reduces injection
capacity.

The quantity of water pumped into storage over a
period of vears could be large enough to sustain needs in
selected areas during an entire dry season or longer. In south
Dade County clusters of injection-recovery wells located
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Injection of excess storm water into deep wells in the Floridan aquifer
is a potential although untested method of storing fresh water for use
during the dry season.

near the Orr-Southwest well fields, the Homestead Air Force
Base well field, and the Homestead and Key West well fields
could meet needs for future increases in municipal water
supplies. Fresh water recovered from the Floridan aquifer
could also supplement flows in some south Dade County
canals during severe drought.

Further studies on the characteristics of the Floridan
aquifer are needed to determine the practicability of this
method.

Reuse of Treated Wastewater

In 1970, sewage treatment plants in Dade County dis-
charged about 90 mgd of wastewater to ocean outfalls and
about 10 mgd to inland canals/ By 1990, 325 mgd of waste-
water will be produced, of which 90 percent probably will be
discharged to ocean outfalls. Water discharged to the ocean
is lost. Wastewater, however, if adequately treated, is a
source of fresh water for well-field replenishment, for
salinity control, for irrigation, and for maintaining wetlands.
Although wastewater currently discharged into canals helps
to maintain higher water levels at control structures during
the dry season, the water is of low quality and contaminates
the waterways.

Properly treated wastewater could be piped from central
treatment plants to the coast and injected into the Biscayne
aquifer to help retard sea-water intrusion. Wastewater
treated for removal of nutrients, toxic chemicals, and bac-
terial contamination also could be discharged directly to
canals to insure continual recharge of the Biscayne aquifer.

Treated wastewater could also be piped inland to water-
conservation areas or to wetlands west of Levee 31 (see
illustration). This would retard recession of water levels in
these areas and help sustain flows to Everglades National
Park as well as to canals. If, however, the wastewater con-
tained nutrients the growth of vegetation in the wetland
areas would be stimulated.



Other Approaches to Increasing Water
Availability

Another approach to control sea-water intrusion is the
injection of brackish water from the Floridan aquifer into
the salt front of the Biscayne aquifer]—:v. The agitation
created by injection and the dilution caused by the salinity
differences could push back or at least retard the inland
movement of the salt front during drought periods (see
illustration). Studies are needed to determine the effective-
ness of this approach.

Treated wastewater could be backpumped to Conservation Area 3
or other interior wetlands to maintain water levels. The quality of the
wastewater, however, may affect plants and animals in the area.

Other methods of increasing the availability of water
in southeast Florida would affect the south Dade area.
Proposed methods include backpumping in counties north
of Dade County, 14/ raising water levels in Lake Okeechobee,
desalting water from the sea or from the Floridan aquifer,
use of evaporation suppressants, and weather modification.
Backpumping or raising water levels in Lake Okeechobee
would reduce canal discharge to the ocean and require pump
installations and other construction. Deterioration of the
water quality of Lake Okeechobee is probable if the water
backpumped is enriched with nutrients and other contam-
inants from agricultural and urban areas. The rise in lake
level probably would alter perimeter marshes, which if de-
stroyed would adversely affect water quality.

\

Treated wastewater could be piped to the coast and injected into shal-
low wells in the Biscayne aquifer to retard sea-water intrusion in se-
lected areas.'2

CONFINING LAYERS ‘)

Artesian water of relatively low salinity from deep wells could be in-
Jected into shallow wells along the coast to retard sea-water intrusion
in the Biscayne aquifer.

Future Management

The current water-management system for south Florida
is a complex network of water-conservation areas, canals,
salt-water barriers, and other physical features. Both the
existing system and a system with modifications offer oppor-
tunity for alternatives to management.

Assessment of alternatives for future management
procedures will require close coordination with planning
agencies so that realistic objectives and alternatives for
implementation can be formulated. Limitations on available
water will undoubtedly affect land-use planning; similarly,
land-use decisions will influence the selection of management
alternatives.



ENVIRONMENTAL
QUALITY

South Dade County has flat land, mild weather, plentiful
but seasonal rainfall, and a great diversity of plants and ani-
mals common to tropical and temperate zones. The mild
weather, clear skies and water, and sunny beaches attract
people to the region. Tropical storms and diseases are
unfavorable aspects.

Before man arrived in numbers, much of the area was
marsh or wet prairie, but sizable areas were forested. The
largest forests, predominantly pine and tropical hardwoods,
occupied the coastal ridge. The forests and prairies were
choice habitats for deer, bear, and panther. The coastal
areas were forested by tropical hardwoods and palms on
elevated land above the tidal influence and by salt-tolerant
trees such as mangroves and buttonwood on land periodi-
cally flooded by salt or brackish water.

Marine life, in the area was essentially tropical. The
clear, warm waters allowed the development of diverse and
productive coral reef communities, the northernmost limit
of such reefs. The advent of man has changed life on the
land radically and has begun to affect marine life.

Open forests of pine, palms,
and hardwoods are choice
habitats for deer and other
mammals.

> &

The red mangroves of the coastal forest are land builders.
Their prop roots also provide shelter and a place of attach-
ment for small organisms, and their leaves, which decay
in the water,are the main source of food in the estuary.

Sloughs are shallow watercourses. Shark River Slough is the
largest watercourse through which fresh water flows to the
principal estuaries of Everglades National Park.
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A coral reef is a rich diversity of life that thrives only in shal-
low tropical seas.
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Impact on the Ecosystem

= _ The major adverse impacts of man on south Dade
Large areas of original wetland have been drained The canals ’

bt i v, i i oty gyt Ol S OB
of flooding, and this has increase ; . ’ .
T . o atwﬂgoo;{:” ' Early drainage of the Everglades has resulted in serious and

| largely irreversible changes in the south Florida ecosystem.
MIAMI %DQ Direct effects include a reduction of wetland, major changes
7 @ —jis in the direction of water flow and duration of flooding,
oxidation of peat soils, and salt-water intrusion. Indirect
effects of drainage include a massive decline in colonial
wading birds from over a million in 1935 to less than 200,000
in 1970, a reduction of animal populations such that 20 species
are now classed endangered, and a significant deterioration

of water quality 2.
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Dredging and filling provide water-front real estate but de-
stroy vital mangrove swamps.

Coral reefs can be damaged by collection of specimens, in-

creased silt from dredge and fill, and pollution from ships

and from the land.
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Dredging and filling of estuarine areas has
seriously altered north Biscayne Bay and is a
potential hazard to the south Bay. These shallow
estuarine waters are important nursery grounds
for many marine organisms, including com-
mercially important species. Food for these
species is provided by peripheral mangrove swamps
and shallow seagrass beds. Destruction of these
habitats has seriously reduced the productivity
of the Bay.

Man has adversely affected the ecosystem in
many other ways, including the introduction of
exotic plants and animals, the release of persis-
tent toxic chemicals and excessive nutrients,
the cutting of forests, overfishing, and uncon-
trolled urban sprawl.

Color infrared photography of south Dade County (1973)
vividly shows man’s impact on the land.



Pollution

Current methods of waste treatment in south Dade
County have resulted in impairment and contamination of
land, water, and air. Recreational, aesthetic, and commerical
uses of these resources have been restricted and health en-
dangered. In 1973, the largest recent typhoid outbreak in
the United States, with more than 150 confirmed cases,

The disposal of solid wastes creates air and water pollution.

Important recreational op-
portunities are destroyed by
polluted water.

occurred in the area. The outbreak resulted from contami-
nation of drinking water by human waste. Water in most
canals is unsafe for swimming and other contact sports
because of bacterial contamination. Fishing and swimming
in south Biscayne Bay were restricted in 1973 due to massive
fish kills. Air pollution has increased sharply in recent years.
In 1972 there were numerous incidents where high air-con-
taminant concentrations exceeded State and Federal Stand-
ards and reached ‘‘Alert Episode’ concentration levels.

Fish kills become more numerous as water quality deteriorates.
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Agriculture has also contributed to pollution. The
amount of land now (1973) in agricultural use in Dade
County is about 92 square miles, mostly in the south partof
the county.Fertilizers and pesticides are the main agricultural
contaminants. Nutrients, such as nitrogen and phosphorus,
and potentially toxic metals,such as copper, lead and arsenic
from agricultural fertilizers, are leached from farm soils or
are carried on soil particles into surface and ground waters.
Pesticides are generally insoluble in water and are usually
transported from farms either in runoff or on dust particles.

Although economically important for south Dade, agriculture is a
major source of pollution.

The urban environment constitutes the major source of
solid, liquid, and gaseous waste. Per capita liquid and solid
waste will increase while per capita gaseous wastes should
decrease when Federal emission standards for automobiles
are implemented.

Liquid waste production in south Dade County was
more than 16 billion gallons in 1972. Half was discharged
to septic tanks. Sewered areas are served by 29 treatment
plants which discharge to the ocean, canals, and seepage
pondsy. The long-range master plan for Dade County pro-
vides for replacement of the smaller privately owned treat-

ment plants with four large facilities While the four large
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Liquid waste is projected to increase about eight times between 1950
and 1990 in south Dade.

plants are being constructed, however, Dade County will
allow construction of 200 additional small treatment plants
that will provide 90-percent treatment efficiency. The
treated effluent from these small plants will be discharged to
pits. Some of this effluent will infiltrate the Biscayne aquifer.

Each person in south Dade County in 1970 generated
about one ton of solid waste, or a total for the area of about
400 thousand tons per year. By 1990 the total solid waste
will approach one million tons per year, according to recent
projection (see graph). Disposing of this solid waste is diff-
icult because of the geology and hydrology of the area.

In 1970, about 30 percent of the solid waste was incin-

erated while the remainder was disposed of in dumps and
landfills mostly outside of the south Dade area Most of the
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Solid waste is projected to increase almost 10 times between 1950 and
7990.

incinerators and dumps do not meet pollution code require-
ments. Malfunctioning incinerators emit toxic gases and
particulate matter, and open dumps and landfills are esthet-
ically unpleasant, susceptible to fires which pollute the air,
and sources of contaminants to shallow ground water.

Plans for solid-waste disposal in Dade County call for
improved efficiency of incinerators and for sanitary landfills
to replace open dumps. Estimated county costs for these
needed improvements will exceed 100 million dollars in
the next 20 years-é!

In south Dade County, about 80 percent of the airborne
contaminants come from more than 260,000 vehicles, which
use 220,000,000 gallons of gasoline each year. In addition,
some contaminants from fuel combustion for heat and
power reach the atmosphere.

Nutrients

Nutrients,particularly nitrate and phosphate, stimulate
plant growth. Treated sewage is the largest source of the
heavy nutrient content in the canals and other waters of the
area.

The overstimulation of water-plant growth by excess
nutrients produces great variations in the oxygen content
of water during a single day. By day plants produce oxygen
through photosynthesis, and at night they consume oxygen.
The nightly demand for oxygen in combination with the
oxygen requirements for decay of organic matter in treated
sewage effluents can lower the oxygen content of water below
levels that fish and other aquatic organisms require for
survival.



In south Dade County, the highest concentrations of
phosphate in the surface waters are shown on the map below.
Water moving through canals flushes nutrients into
Biscayne Bay and provides fresh water which satisfies decay
and respiration demands for oxygen. During the dry sea-
son, however, flow through the canals decreases sharply.
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The January 1973 survey showed higher concentrations of phosphates
in the urbanized areas.

When nutrients build up in the stagnant canals, aquatic
blooms, fish kills, noxious odors, and health hazards can
occur. Increased urban water use decreases the amount of
water available for flushing of the canal system. The com-
bined impact of increased nutrient load and reduction in
flushing action can seriously damage aquatic environments.

PR 3 A

Nutrients flushed from farm and residential lands in south Dade
cause thick algal blooms in canals.
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Biscayne Bay, the temporary repository of urban wastes,
is now over enriched in phosphorus. It is low in nitrogen
which indicates that additions of nitrogen probably regulate
the rate of vegetative growth in the Bay. The amounts of

phosphorus and nitrogen added to Biscayne Bay can be
lessened by tertiary waste treatment.

A survey in January 1973 showed that concentrations of nitrate and
phosphorus were highest in the urban areas of south Dade County.

Toxic Metals

Lead and mercury are the two metals known to be
accumulating in this area. Crude estimates suggest that more
than 3,000 metric tons of lead are added to the area each
year (see illustration below). Much of this is from automo-
tive exhaust and is deposited within several hundred yards

APPROXIMATE LEAD BALANCE FOR DADE COUNTY, 1972
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of the highways. Concentrations in bottom sediments of
Biscayne Bay are low, ranging from 15 to 30 ug/kg (micro-
grams per kilogram; 1 ug/kg=1 part per billion). Somewhat
higher concentrations occur at the mouth of Miami River
and Black Creek Canal, indicating that some lead is trans-
ported in runoff.

The 990 metric tons of lead settling in Dade County from
automobile exhaust emissions, provides the greatest toxic
metal hazard. About 310 metric tons of lead from exhaust
emissions in Dade County settles in the land and waters of the
Everglades Basin. Another 20 metric tons flows into Biscayne
Bay and the ocean.
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Mercury is contained in bottom sediments of Florida and Biscayne Bays.Z/
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Biscayne Bay shows some contamination by mercury
when compared with Florida Bay, an area remote from rapid
development (see graph). Mercury in the bottom sediments of
Florida Bay ranged from 10 to 40 ug/kg and averaged 10 ug/kg.
Bottom sediments in Biscayne Bay ranged from less than 10 to
325 ug/kg and averaged 40 ug/kg of mercury.

The degree of mercury contamination in Biscayne Bay
sediments is quite low compared to average levels reported in
sediments from southern Lake Michigan (150 ug/kg)¥ the
South Bay portion of San Francisco Bay (370 ug/ke)Zor Mini-
mata Bay, Japan, where 46 people died from mercury poi-
soning incurred by eating shellfish from mud containing
22,000 to 59,000 ug/kg. Nevertheless, the fact that mercury
can build up to levels as high as 325 ug/kg in individual lo-
cales of Biscayne Bay is a matter of concern.

Pesticides and Related Compounds

Pesticides include a wide variety of chemical compounds.
Some are persistent; others are nonpersistent. The persistent
ones, such as DDT, dieldrin, and toxaphene, do not break
down rapidly and accumulate in the environment.

Nonpersistent pesticides, such as malathion or para-
thion, are most commonly used in Florida, especially in the
south Dade area where they are applied in citrus groves and
vegetable farms'? In 1969-70, they were applied to about
11,900 acres of citrus groves and 47,000 acres of vegétable
farms in Dade County™/ Approximately one million pounds of
persistent pesticides were used annually on urban and agri-
cultural land in the 1960’s in Dade County'? .

Both persistent and nonpersistent pesticides are found
in air, water,plants, and animals of south Dade County, with
persistentones such as DDT predominant. Concentrations are
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usually at trace levels or below detectable levels in water, but
athigherlevelsinbottom sediments and biota. Concentrations
in excess of 1,000 ug/kg have been found in birds and mam-
mals'¥. A concentration of over 16,500 ug/kg was measured
in one bald eagle.

BIOLOGICAL MAGNIFICATION OF A :
PERSISTENT PESTICIDE IN DADE COUNTY ¥/
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Buildup of persistent insecticides in some birds causes
metabolic upset in their reproductive processes. Increasing
concentrations of DDT are coincidental with death and
decreasing numbers of some species, particularly hawks,
eagles, and pelicans. Even though local use of DDT and
other persistent insecticides is decreasing, a buildup may
continue for years as a result of the long life of some pest-
icides (up to 20 years for the DDT family) and as a result
of extensive use in other parts of the world and ultimate
atmospheric transport to Dade County. This is of particu-
lar concern in the Everglades National Park because birds
are an important attraction.

DDE occurs in the near-shore bottom sediments of the northern half
of Biscayne Bay.

Pesticides accumulate in humans to levels thousands
of times greater than those in the water they drink and the
food they eat. Average concentrations of total DDT in
human fat from Caucasians more than 5 years old in Dade
County was 8.4 ,ug/kgﬁl. For comparison, concen-
trations in Caucasians from 22 other States ranged from
3.98 to 13.23 ug/kg. States with warm climates had higher
averages (9.21 ug/kg) than States with cool climates (4.85
ug/kgl®.  The effects of such concentrations on human
health are not known.




Bacteria and Viruses

Most inland canals, lakes, and ponds in south Dade
County are unsafe for swimming and contact sports be-
cause of fecal contamination. Feces often contain path-
ogenic bacteria and viruses. Only three of ten major canals
are considered safe for swimming,and only ocean beaches
are generally recommended for water-contact sports. Also
significant is the fact that during the dry season the canals
provide recharge directly to the Biscayne aquifer. Because
water supplies are withdrawn from this aquifer, a potential
exists for contamination of public water supplies.

Bacteria and viruses have been detected repeatedly at
ocean outfalls for untreated sewage, but no pathogenic
viruses have been detected at outfalls for treated sewage.
Preliminary data from a limited study have also failed to
indicate pollution of ground water by effluent from septic
tanks.

Because of bacterial and viral contamination, com-
mercial shellfishing for direct marketing is prohibited along
the entire east coast of south Florida.

Thermal Pollution

Thermal pollution in the south Dade area is from two
fossil fuel and one nuclear power plants at Turkey Point.
The fossil-fuel units require 1,270 cfs of cooling water
and raise the water temperature 12°F¥  The nuclear
unit requires 4,250 cfs and raises the water temperature
16°F.

Investigations by the University of Miami and the
Environmental Protection Agency show that the release
of heat from the existing fossil-fuel plants has affected
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Shown here is a false color infrared photo of the coastal area at Turkey
Point.
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the biota of south Biscayne Bay. Plankton, benthic algae,
sea grasses, benthic invertebrates, and fish were all
significantly affected by elevated temperatures near the
discharge area. The most obvious effects were the de-
creases in the number of algal species and the death of
sea grasses over an area of several hundred acres of bay
bottom. In general, animals were adversely affected by
temperatures above 91°F.

A huge system of canals under construction on a
10-square-mile area will serve as a cooling radiator for
the heated water, which will then be recycled (see photo-
graph). This will reduce significantly the thermal loading
of Biscayne Bay in the vicinity of Turkey Point.

1 2 MILES
! |

1 2 KILOMETERS

The extensive system of canals is used to cool water from the nuclear
power plant at Turkey Point.

Air Pollution and Meteorological
Conditions in Dade County

Air in south Dade County becomes polluted when
certain meteorologic conditions occur simultaneously
with gasoline engine exhaust and smoke from Everglades
fire, dump fires, and burning of sugar cane at Lake Okee-
chobee. Such incidents occurred in July 1970, April 1971,
and May 1972.

In the past, it was generally assumed that because of
prevailing sea breezes, Dade County’s air had an un-
limited potential for dispersing airborne pollutants. Daily
observations during the past 10 years indicate that haze
is slowly increasing.
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The major source of air pollution is the automobile.
fic will cause increased deterioration of air quality in south Dade.
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This increase is due to the increase in motor vehicles
as well as the expanding industrial activities. About 80
percent of the 950,000 tons of pollutants emitted to the
air in 1971 was from motor vehicles; the remainder came
from industrial and commercial sources, mainly fuel com-
bustion for heat and power generation, incineration, and
open fires.

In general, the concentration of pollutants in air over
Dade County is less than that over other large metro-
politan areas. the significant increase in oxi-
dants, oxides of nitrogen, and sulfur dioxide and a possible

However,

increase in airborne lead near expressways in 1972 indicate
a deteriorating air quality.

Waste Management

In 1970 each person in south Dade County generated
about one ton of solid waste and about 40,000 gallons of
liquid waste. Disposal of these wastes is both complex
and costly.

Liquid Waste

The liquid waste—45 million gallons of sewage per
day—is disposed of primarily through drainfields and
ocean outfalls. About 32 percent of the population of
Dade County is served by more than 172,000 individual
septic tanks. Most of these are in the south Dade area.
As a result, much of the shallow ground water under-
lying the urbanized area has been contaminated, especially
by nitrates. studies, have found no
evidence of contamination by pathogenic viruses.

More than half of the sewage from Dade County is
disposed of through three ocean outfalls. An additional
13 per cent is discharged into lakes and canals or into

Recent however,

More than half of the sewage from Dade County is disposed of
through ocean outfalls.

APPROXIMATE SCALE
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There are more than 172,000 septic tanks in Dade County. Most of
these are in the south Dade area.

seepage pits. Of the 29 sewage treatment plants serving the
south Dade area, only one—the Key Biscayne plant—dis-
charges to the ocean. Two plants discharge effluent directly
to the so-called ““boulder zone™ of the deep Floridan aquifer.
Currently, about 3 mgd of treated sewage from the Coral
Gables plant and about 1.5 mgd from the Kendall Lakes
plant are being injected.

There is much controversy over the efficacy of ocean
outfalls, the use of septic tanks, and the need for tertiary
treatment. Deep well injection is a controversial method
of waste disposal and is being carefully' monitored.
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Solid wastes are disposed of in both open dumps and sanitary land-
Sulls.

Proper operation of sanitary landfills is inhibited by thin soil and high
water table.



ENVIRONMENTAL QUALITY

Twenty-nine sewage treatment plants serve the south Dade area.

Solid Waste

In 1970, about 30 percent of the 400,000 tons of solid
wastes generated in the south Dade area was incinerated;
the rest was disposed of indumps and landfills, mostly out-
side of the area. There are 18 dumps and landfills in Dade
County; of these, 8 are in the area. Proper operation of
sanitary landfills is inhibited by the thin soil and high water
table. Therefore most landfills are basically open dumps
which burn periodically and are eventually covered with a
veneer soil. They are sources of pollution to the Biscayne
aquifer as the heavy rainfall leaches contaminants from the
wastes and transports them through the permeable lime-
stone to the water table.

At the present time, Dade County does not have any
formal recycling projects. One pilot project, however, in
Coconut Grove is aimed at reducing the volume of solid
waste by composting. Citizens’ efforts, mostly under aus-
pices of local conservation groups, have been limited and
sporadic.

Population Density and
Environmental Quality

The quality of the environment of Dade County has
been significantly affected by rapid growth in population.
The population of the county increased 2/, times between
1950 and 1970. Although tax revenues increased more than
10-fold during this time the environment has been degraded
despite the increased tax revenue. Projected population
estimates indicate that rapid growth will continue into the
next century. Because the south Dade area has a relatively
large amount of undeveloped land, it has great potential
for additional development.

The Metropolitan Dade County Planning Department
has embarked on a project to reevaluate and update its
General Land Use Master Plan of 1965. The new plan'¥
will include specific development proposals for a medium-
range period of 10 years and general proposals for a long-
term period through the year 2000. The plan will include

proposals in six broad areas: (1) land use; (2) the economy;
(3) population; (4) services; (5) the environment, and (6)
implementation. The new plan is scheduled for completion
atthe end of 1973.

1272

The Kendall area of south Dade County exemplifies the rapid growth
rate of the area over the past 20 years.



ERTS I FALSE COLOR IMAGE

*
APPROXIMATE SCALE 1:1 000 000
10 0 10 20 30 40MILES
Lo g g g | | | | |
e = =
10 0 10 20 30 40 KILOMETERS

Many aspects of the environmental quality of southeast Florida can be monitored by studying earth satellite images taken
at intervals of 18 days. Cloud cover permitting, it is possible to assess hydrologic conditions in the Everglades, the health

of forest vegetation, possible infestation of agricultural areas,damage due to storms or hurricanes, change in urban growth,
and the clarity and turbidity of coastal waters.
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OUTDOOR RECREATION

Dade County outdoor recreation participation in 1970
was estimated to be 161,558,700 activity occasions (participa-
tion in a single outdoor recreation activity by one person dur-
ing one calendar day). These included water-dependent ac-
tivities (swimming, fishing, boating, surfing, etc.), land-
based activities (camping, picnicking, nature study, hunting,
etc.) and outdoor games and sports (baseball, shuffleboard,
golf, tennis, etc.). Projected participation in the vyear
2000 is 339,400,000 activity occasions, more than double
that of today. In 1970, 81% of all recreation activity occa-
sions were water related (water dependent and water
enhanced). This percentage is expected to increase
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Participation in outdoor recreation activities is projected to more
than double by the year 2000.

RESIDENT AND TOURIST ACTIVITY OCCASIONS

(MILLIONS)

YEAR SPORTS LAND WATER TOTAL
1970 28.0 50.8 82.8 161.6
1975 341 63.7 106.8 204.6
1980 37.7 70.9 1197 228.3
1990 47.2 88.1 148.5 283.8
2000 o2 104.6 177.6 3394
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slightly by the year 2000. These projections were prepared
for the South Florida Ecological Study! using data of the
State Division of Recreation and Parks.

Current observed pressures on the area’s recreation facil-
ities, and projections (see graphs below) indicate that Dade
County’s recreation facilities will require expansion. For use
in planning for that expansion, additional technical data will
soon be available from a one-year on-site recreation participa-
tion study, the results of which are currently under analysis by
the Central and Southern Florida Flood Control District.

WATER-DEPENDENT ACTIVITIES
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The above graphs of design day participation* for water dependent
and land based activities and for outdoor games and sports indicate
that design day use in 1970 was about two times greater than the rated
capacity of existing facilities. Estimated future participation will re-
quire large expansion of Dade County’s recreation facilities.

*Design day is computed as the average participation on Sunday
during the month of second highest total recorded attendance.



Existing and Proposed Parks

In 1970, south Dade County had a population of about
417,800 people, 33 percent of the county’s population. It has
42 percent of the neighborhood and community park space,
83 percent of the metropolitan park space, 70 percent of the
regional park space, and 70 percent of the natural area open
space. Most of south Biscayne Bay is either in Biscayne
National Monument or in the Aquatic Preserve proclaimed
by the State. '

National Recreation and Park Association open space
standards generally recommend 5 acres of neighborhood and
community parks, 5 acres of metropolitan parks, and 20 acres
of regional parks per 1,000 population. Dade County’s open

Study shows that Dade County parks and open-space areas need to
be expanded. Specific needs have been computed based on the pro-
Jected resident population plus an estimated “‘tourist population”
and National Recreation and Park Association Open Space Stand-
ards. Regional park needs may be partly met from use of the large
natural area reserve and large parks in adjacent counties.

space plans set a standard for 4.5 acres of neighborhood, com-
munity, and related space per 1,000 population but no
standards relative to other park types. The most densely
settled areas of Dade County have been identified in the
Metropolitan Dade County Community Improvement
Program report of the County Manager. These are prime
areas for consideration for neighborhood and com-
munity park expansion. Additional county actions
(planning, land-use controls, ordinances) are needed to
assure adequate internal open space in newly urbanizing
areas.
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EXPLANATION

PARK AND OTHER RECREATION AREAS
(100 acres or larger)

Existing Proposed

Biscayne National Monument
and State Aquatic Preserve

Most of the parks in the area are water oriented.

The 1972 bond issue program will permit needed expan-
sion of the metropolitan park system. New area sites of sig-
nificance to south Dade County include Tropical Park Sports
Complex (A, see map), Richmond Zoological Park (B), and
Miller Lake Park (C). The 25,000 acre Aerojet tract (D) is
being considered for a large regional park.

Looking to the future, park and recreation planners are
faced not only with keeping pace with growth in the area
but making up for deficits in recreation facilities in other
parts of the county as well. South Biscayne Bay and the still
undeveloped shoreline areas represent the county’s most im-
portant natural resource potential for meeting these recrea-
tion needs.




OUTDOOR RECREATION

Waterfront Recreation
Development

The urbanization of Dade County is producing condi-
tions of critical stress on the marine ecosytems of south Bis-
cayne Bay. In fact, most of this part of the bay was closed to
recreation use for part of March 1973 due to algae/pollution
conditions. Increasing recreational use of Biscayne Bay and
adjacent shoreland will inevitably add to the stress on the
ecosystems of those areas. In designing new parks for the
area, minimization of impact on natural environments will
be a matter of major concern.

Mangrove Zone

The mangrove forest along the south Biscayne Bay
shoreline produces leaf debris which is at the bottom of the
marine food chain, and the mangrove roots provide refuge
formany marine organisms. The roots also stabilize the shore-
line,reduce storm tide damage, and filter upland runoff. From

The mangrove fringe provides food for many aquatic
spectes.
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a recreation standpoint, the mangrove fringe restricts visual
and physical access to the bay. It is not suitable for direct
recreation use except for limited nature study potential vet
needs preservation to help maintain water clarity, quality, and
marine productivity.

Swimming

Natural swimming beaches are few in south Biscayne
Bay. To provide needed swimming opportunities, atoll pools
or swimming lagoons have been excavated at some south
Dade County parks just inland from the bay. An alternative
to be considered in meeting future needs would be the devel-
opment of either fresh-or salt-water swimming pools at inland
sites rather than in the primary mangrove fringe.

L iyt e

Existing marine facilities are jammed to capacity.

Boating

Existing marine facilities are crowded. There are sever-
al possible actions which could be considered for alleviating
this condition and also for minimizing environmental impacts
such as impingement on the mangrove zone and seepage of
fresh water to Biscayne Bay. Some of these alternatives are:

1. a master plan for marina development in Biscayne Bay,
covering additional boat launching and storage facitities;

2. limiting dredging for needed marina development to the
minimum necessary for a launching and turning basin;

3. boat docking space to be provided in dry storage lots or
buildings;

4. restriction of channel dredging in the mangrove zone and
productive bay bottom areas to minimum depths and
widths, with tie-ins to existing channels whenever possible.



Recreation Planning and Management

Administrative responsibility for south Biscayne Bay
is divided, Biscayne National Monument being under Fed-
eral jurisdiction, the waters of the bay primarily under
State jurisdiction, and coastal land use and recreational
development being controlled by Dade County and various
governments. Coordinated planning would
appear to be most important in such a situation. An ex-
ample would be the coordination of plans for boating
facilities in Biscayne National Monument with plans for
development of mainland marine facilities, including means
of berthing boats in the 30-foot class or larger to minimize
environmental impact.

municipal

The primary waterfront parks now existing along the
Key
operated by the city of Miami, and Matheson Hammock,
Chapman Field, Black Point, and Homestead Bayfront
Parks, operated by the Metro-Dade government. Recent
bond issues passed by the city of Miami and by Dade
County include funds for expansion of Dinner Key and
Homestead Bayfront Parks and for design and construction
at Black Point and Chapman Field, both of which are
presently undeveloped.

southern mainland shoreline are Dinner Marina,

Black Point

Dade County’s plans include development of camping
and picnicking areas, a swimming facility, a sailboat-pad-
dleboat-canoe rental concession with canoe trails through
the mangrove area, and possible development of a marina
facility. The existing boat basin on the south side of Black
Creek is privately owned and not a part of current land ac-
quisition action. The area between Black Creek Canal and
Goulds Canal appears to be better suited to intensive
recreation development than the land now in county owner-
ship. The bay bottom and adjacent mangrove zone between
the Black Creek channel spoil area and Black Point is
particularly shallow and productive, and consideration
should be given to careful study of that area before any
development is planned. County plans for camping provide
for use of lands near 87th Avenue. Consideration should be
given also to the mangrove fringe as a conservation zone,
with the canoe trails aligned wherever possible with the
existing mangrove creek alignments.

The Black Point recreation area can be developed and still preserve
the coastal mangrove fringe.

MANGROVE

CONSERVATION
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OUTDOOR RECREATION

Chapman Field

Dade County plans to develop Chapman Field Park as
a marina and day-use facility. The proposed marina facility
would provide needed relief from the congestion at nearby
Matheson Hammock Park. There are several possible
development alternatives which could be accomplished
with minimum environmental impact, including:

1. using the existing dredged lake in the northwestern seg-
ment of the property;

2. routing channels to Biscayne Bay through existing water-
ways to connect to the Florida Power and Light Channel;

3. using a large crushed rock storage area between the east-
ernmost lake on the property and the bayfront to accom-
modate almost any type of well-planned day use facilities;

"
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4. using the lake for canoes, paddle boats, or small sailboats
which do not require a major boat handling facility. This
would provide boating in protected waters;

5. protecting of the larger mangrove forest on Shoal Point
in its natural condition;

6. providing added recreation through such facilities as
boardwalk nature trails and an observation platform.

Adjacent to the Chapman Field parksite is the U.S.
Department of Agriculture Plant Introduction Station.
The station area has recreation potential without environ-
mental problems. Under certain conditions, such Federal
properties can be transferred to local government agencies
for park and recreation purposes. The desirability of such
a transfer should be considered in the future.

-
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The Chapman Field recreation area also offers the opportunity for development commensurate with environmental protection.



MANGROVES

PINELANDS

Everglades National Park contains expanses of saw-
grass, pineland, small islands of hardwood forest, cypress
and mangrove swamp, as well as island-dotted estuaries
and bays. The connecting thread through this diversity is
water. Water in some way and at all times of the year in-
fluences all the regions within the park.
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EVERGLADES NATIONAL PARK

Sawgrass indicates that the land is low and covered with
water much of the time. One vast sawgrass area, the Shark
River Slough, stretches from the lower water conservation
area, through the park, to the southwest tip of Florida.
When seen from a slight elevation, the Shark River Slough
looks like a sea of grass with scattered, tree-covered islands.
These islands, locally called hammocks, are elevations or
humps in this normally very flat land. The elevations never
exceed a few feet but are enough to keep hammocks rela-
tively dry. The amount of elevation determines whether
each local habitat will be wet, damp, or dry, and, as a result,
what kinds of plants and animals will occur there. Where
the elevation is above water and has been unburned for
several years, tropical hardwood hammocks grow—the
only tropical hardwoods in the continental United States.

The eastern part of the park includes the southern tip
of the Coastal Ridge. Originally covered mostly with pine-
lands and tropical hardwood forests, much of the ridge
today is developed for agriculture and housing. The tree-
lands have been reduced to scattered small patches.

Runoff moves slowly southward through the sawgrass
marshes and sloughs. In the estuaries where the fresh water
mixes with coastal salt water, mangrove swamps form a
rather abrupt zone between the grassy marshes and the
marine bays.

A variety of scenic tropic habitats makes the Everglades National Park
a unique area.

TEN THOUSAN ISLANDS Evergldes National Park

During the wet season, the influence of freshwater
reaches even out into the bays. Water moving southward
through the sloughs and marshes spreads out through the
mangrove swamp and mixes with the saline waters of Florida
Bay and the Gulf of Mexico.




Everglades National Park

EVERGLADES NATIONAL PARK

Everglades National Park

Everglades National Park provides the last large sanctuary for several
species of tropical plants and small animals which occur only in south-
ern Florida and are rapidly becoming scarce as their native habitats
are cleared for agriculture and urban development.

Wildlife Resources

Just as the different kinds of plants have adapted to
different water levels, so have the animals adjusted with
habits or life cycles that can cope with both seasonal flood
and drought. In the Everglades, fish are a critical link in
the food chain. Although the habits and life cycles of the
fish are not well understood, a few factors seem important.
The varieties of fish living in the Everglades can survive in
shallow water and often in very crowded conditions. Dur-
ing the dry season when the surface water recedes to small
ponds and the deeper sloughs, fish congregate in these con-
fined spaces until summer rains allow them to disperse again
into the marshes and swamps. Other animals also congregate
to take advantage of the concentrations of food and water.

The nesting activities of many wading birds coincide
with the seasonal concentration of fish. At these times there
is ample food for hungry young birds. But a severe drought
that drys up the water holes and kills millions of fish, or
the dislocation of a feeding ground too far away from the
nesting site, jeopardizes a generation of birds. If droughts
continue for several seasons an entire species or population
is threatened by starvation.

During a drought, fish and birds may benefit from
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