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BISCAYNE AQUIFER, SOUTHEAST FLORIDA

By
H. Klein and J. E. Hull

ABSTRACT

Peak daily pumpage from the highly permeable, unconfined Biscayne
aquifer for publiec water—-supply systems in southeast Florida iIn 1975 was
about 500 million gallons. Another 165 million gallons was withdrawn
dally for dirrigation., Recharge to the aquifer is primarily by local
rainfall, Discharge is by evapotranspiration, camal drainage, coastal
geepage, and pumping. Pollutants can enter the aquifer by direct in-
tiltration from land surface or controlled canals, septigc—tank and other
drainfields, drainage wells, and solid-waste dumps. Moat of the pol-
lutants are concentrated in the upper 20 to 30 feet of the aquifer;
publie supply wells generally range in depth from gbout 79 to 150 feet,
Dilution, dispersion, and adsorption tend to reduce the concentrations.
Seasonal heavy rainfall and canal discharge accelerate ground-water
circulation, thereby tending to dilute and flush upper zones of the
agquifer, The ultimate fate of pollutants in the aquifer is the ocean,
although some may be adsorbed by the aquifer materials en rvoute to the
ocean, and some are diverted to pumping wells.

INTRODUCTION

Attention has recently been directed to the effects of rapid
growth in southeast Florida on the quality of the water In the Biscayne
aquifer—-the prime source of drinking water in the area., Attendant with
rapid growth has becen such practices as: (1) Use of french drains and
dizposal wells for the discharge of some storm water and industrial
wastes; (2) widespread and scattered emplacement of solid~waste disposal
sites; (3) installation of thousands of septic tanks for individual
residences, apartment dwellings and small industries; (4) discharge of
various types of runoff or effluent into shallow soakage pits; and (5)
discharge of treated and partly treated sewage effluent into controlled
drainage canals and soakage pits. Therae has alsoe been concern about the
long=term use of fertilizers and pesticides in the agricultural areas of
southeast Florida and in the urban areas where large quantities are usged
for lawns and gardens, '

Az early as 1971, the U,5. Envirommental Protection Agency (EPA),
became concerned over the gquality of the surface water and ground water
in Dade County and made an inventory of waste sources in the county.
The EPA has been petitioned (in 1978) to designate the Biscayne aguifer
as a sole—-source aquifer {(under Section 1424 E, Safe Drinking Water Act
of 1974), The U.S5. Geologlcal Survey was requested by the EPA to
furnizh information om geology, hydrology, water quality and other data
which would assist them in the deciszion regarding such designation of
the Biscayne aquifer.




Since the late 1930's, the 7.S. Geological Survey has been involved
in Investigations of the water resources of southeast Florida in coop-
eration with Federal, 5tate, and many local agencies. The investiga-
tions have resulted in the collection of large amounts of bhasie data and
in numerous reports on various aspects of the hydrology of the Biscayne
aquifer. This report is hased on information contained in those reports
and in repartd by local governmental agencies and by comgultants. Basie
data from files of local, Btate, and Federal agencies were alsp used.

No new field data were collected for this investigation.

The following factors may he used to convert U.S5. inch-pound units
to 51 units,

Multiply U.5. inch-pound units By To obtain SI units
Length

inch (in) 25.4 millimeters (mm)

0,0354 meter (m)
foor (ft) 3048 meter (m)
mile (mi) 1.6A09 kilometetrs (km)

Area
acre 5 4047 square mcters (mz)
aquare mile (mi™) 2,590 square kilometers (km )

Yolume

gallon (gal) 3.785 liter (L)
million gallons (Mgal) 3785 cubic meters (m™)

Flow
gallons per minute (gal/min) 0,06309 liters per second (L/s)
cubic feet per second (ft3/s) 02832 cuble meters per

second (m3/g)
million gallons per day (Mgal/d) 04381 cublc meters per
second (m3/5)

feet per day (fc/d) 5 +3048 meters per day (m/d)
feet squared per day (ft d) L0929 meters squared per day

(m?/d)
gallons per minute per foot
(gal/min/ft) .019213 liters per s¢ ond per

meter (Lfis )




BISCAYNE AQUIFER

Description

The Biscayne aquifer supplies all munieipal water supply systems
from south Palm Beach County southward (fig. 1), including the system
for the Florida Keys which is supplied chiefly by pipeline from the
mainland. It is a highly permeable wedge—shaped unconfined aquifer that
is more than 200 ft (feet) thick in coastal Broward County and' thins to
an edge 35 to 40 mi {(miles) inland in the Everglades (fig. 2). The
aquifer forms an Important unit of the hydreolegic system of southeast
Florida (fig. 3), which is managed by the South Florida Water Management
District (SFWMD).

The Biscayne aquifer is composed of limestone, sandstone, and sand,
In south and west Dade County the aquifer is primarily limestones and
sandstone, but in north Dade County, Broward County and south Palm Beach
County the aquifer is primarily sand. Generally, the sand content in—
ereases to the north and east,

In Dade County (fig. 4) oolitic limestone and quartz sand form the
upper part of the aquifer (Parker and others, 1955, Plate 4). The
limestone is thickest along the coast, possibly as much as 40 ft., but
the base is usually less than 20 ft helow sea level. Inland, the
colitic limestone thins and then disappears beneath the peat so0il of the
Everglades. Oclitic limestone is usually cross-bedded,

Fine to medium grained sand fills solution cavities in the colitic
limestone. Parker and others (1955, p. 102) indicated that the solution
cavities occupy a significant volume of the limestone, causing it to
have high horizontal and vertical permeabilities. It is the high
vertical permeability that permits rapid infiltration of rainfall to
the water table, Where the limestone does not crop out, it 1= covered
by quartz sand (fig. 4) which also permits rapid infiltration of rain-
fall,

In the east part of Dade County, extending north as far as Fort
Lauderdale, the lower part of the oolitic limestone contains bryozoans
(Hoffmeister, 1974, p. 39). The bryozoan section slopes upward to the
west to emerge at the surface In the Everglades. WNear the coast the
bryozoan section is as much as 10 £t thick (Hoffmeister, 1974, p. 39);
it thins to the west beyond the east boundary of Collier County, ' The
bryozoan limestone is also riddled with cavities which contribute to its
high horizontal and vertical permeability.

Below the bryczoan layer, the Biscayne aquifer is composed of hard
limestone containing numerous cavities, often cavernous, Because of the
extremely high permeability of this limestone, all large—capacity wells
are completed in this part of the aquifer, generally 40 to 100 £t below
the land surface, The cavernous section generally does not contain
loose sand. The aquifer does, however, contain thin interbedded layers
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of hard, dense limestone in =outh Dade County, interior parts of Dade
County and southwest Broward County. The dense layers probably are
discontinuous and may locally retard, but do not prevent the vertieal
circulation of ground water. Beneath the coastal areas unconsolidated
quartz szand separates the bryoczeoan limestone from the deeper hard
limestone., The sand content increases northward which results in a
corresponding decrease 1n overall transmissivity of the aquifer.

Parker and others (1955, p., 160) stated that the Biscayne aquifer
"is the most productive of the shallow nonartesian aquifers in the area
and is one of the most permeable in the world", He suggested that in
east Dade County the transmissivity (hydraulic conductivity x saturated
thickness = transmissivity) of the aquifer ranges from 4 to 13 million
gallons per day per foot (Mgal/d/ft) (5.x10% o 2,0x106 ft2/d). He
applied a median value of 5 (Mgal/d/ft) (6,7x103 ft2/d) (Parker and
othera, 1935, p. 270)., These values were obtained from agquifer tests
using high-capaeity wellsz, and by analyzing water—-table contours adja-
cent to canals and in well-field areas. Storage coeffieients from
aquifer tests ranged from 0,047 to 0.247 (Parker and others, 1955, table
16).

The approximate areal distribution of transmissivity of the aquifer
is shown in figure 5. Along the coast and in the northern part of
southeast Florida the aquifer is thickest, but because it is composed
mainly of sandy material, the transmissivity 1s lower. 1In central and
south Dade County the aquifer is thinner, but the hydraulic conductivity
is high because of the cavernous limestone; the transmlasivity is,
therefore, high, The decrease in transmissivity to the west 1is due to
the thinning of the aquifer.

The transmizsivity ranges from about 3 Mgal/d per foot (4,0x103
£ft2/d) in southeast Broward County to 0.4 Mgal/d per foot (5.4x10%
ft?/d) in the northeast coastal Broward County (Sherwond and others,
1973, p 66~67) and in the vicinity of Boca Raten (McCoy and Hardee,
1970, p. 25), Values increase to about 4 Mgal/d per foot (5.4x103
ft2/4) (Sherwood and others, 1973, p. 66) in interior parts of southern
Broward County., In Boca Raton, fine and medium sand extends to at least
60 ft below the surface. Permeable limestone at greater depth is dis-
continuous and becomes inecreasingly sandy north of Boca Raton (McCoy and
Hardee, 1970, p. 7-11). Storage coefficients in Broward County are as
high as 0.34 (Sherwood and others, 1973, p. 67),

S0il Cover

The soil that covers southeast Florida is of hydrologic importance
because it controls the infiltration of rainfall, the operation of
septic tanks, and indirectly relates to the quality of the ground water.
The infiltration of raiunfall is rapid in areas covered by sand or where
soil is ahsent; infiltration is retarded in areas covered by marl or
clayey soil.
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Soll types 1n south Florida are shown In figure & (KElein and
others, 1975, p. 11). Infiltration of rainfall 1s rapid through the
sandy so0il along the coast from central Dade County north into Palm
Beach County. In east and south NDade County, oolitic limestone crops
out or is covered by a thin wveneer of sand, except in local elongate
depressions where a few inches to a few feet of marl overlay the lime-
gtone. Peat and marl seoils cover the Everglades. The ground water is
highly colored in the area covered by or adjacent to peat soils.
Septic-tank drainfields dispense effluent efficiently in sandy z0il and
in areas where they are cut into oolitiec limestone.

HYDROLOGIC SYSTEM

The hydrologic syztem of southeast Florida is significantly con-
trolled and managed by the SFWMD. The District maintains and operates a
system of canals, levees, pump stations, control structures in ecanals,
and large water-conservation areas for flood control, water conserva-
tion, and salinity control. The levees impound freshwater in Lake
Okeechobee and three water conservation areas (figs. 3 and 7). The
levees also prevent overland sheet flow from the Everglades eastward
through the agricultural and urban coastal areas,

Canals drain the urban coastal area. They also transfer water from
the water—conservation areas and Lake Okeechobee to the east coast to
replenish the Biscayne aguifer in the vicinity of municipal well fields
and to retard saltwater intrusion. Canal flows are regulated by control
structures near the coast which open and close repeatedly during the
rainy season and coccasionally during the dry season. Flow in the canals
is repgulated so ground-water levels in the urban areas and bordering
farm lands are maintained at levels low enough to prevent flooding. The
volume of outflow to the ocean varies, depending upon rainfall. At the
end of the rainy season most control structures are closed to congerve
freshwater and prevent saltwater from moving inland; thereafter levels
decline to annual low levels usually in May.

Water releases from Conservation Area 3 (fig. 3) are made to the
gouth during the vear to sustain plants and animals in the Everglades
National Park, During much of the dry season, water levels near the
coast are maintained by direct seepage from the water-ceonservation
areas. During prolonged drought, the canals transfer water from Lake
Okeechobee through the conservation areas te points of need along the
coagt. Lake water is shared by local municipalities, Everglades Na-
tional Park, and apgricultural interesta.

The hydrology of southeast Florida was affected significantly
before 1945 when the prime objectives were land drainage and recla-
mation. Water levels were lowered an estimated 5-6 ft in parts of
southeast Florida as a result of the virtual uncontrolled drainage
{Leach and others, 1972, p. 96). An adverse effect was saltwater
intrusion into some municipal wells of the water-supply system of Miami.

10
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The period after 1946 was one of flood protection, water control
and congservation, and water management. Control structures were placed
in all major drainage canals and water-conservation areas were estab-
lished in the Interior. The control structures were opened to
discharge flood water during rainy seasons, and were closed to prevent
overdrainage of ground water, thereby slowing or haltlng saltwater
intrusion. Water stored in the conservation areas helped to sustain
high water levels near the coast.

Saltwater intrusion is an ever-present threat. The water—-control
and management practices have atabilized the inland movement of salt-
water into the aquifer in most areas. Some inland migration still
occurs, primarily in south Dade County.

The major problems facing water-management agencies are: (1)
satisfying the water demands of an increasing population while making
sufficient water available for irrigation and maintaining aquatic
enviromments; and (2) Upgrading and maintaining water quality in the
Biscayne aquifer, the water conservation areas, and in the canalsz and
lakes.

Ground Water

The regiomal flow of ground water in southeast Florida is seaward,
Locally, however, the directlon of flow may he influenced by drainage
canals or well fields, Water levels are highest in the water—conserva-
tion areas and lowest along the coast, along uncontrolled reaches of
canals, and in the centers of large municipal well fields. During rainy
seasons control structures in canals are opened in order to discharge
surplus water to prevent flooding in urban and agricultural areas.
Opening the controls lowers the level in the canals, thereby, permitting
more ground water to move to the canals and then seaward, Rainy season
high-water levels of June 1968, one of the highest of record in south—
east Florida, are shown in figure 7,

At the beginning of the dry season control structures are closed
and normally remain closed until the next rainy season. Figure 8 shows
water levels near the end of the dry season of 1961-62, a near record
low in southeast Florida. At that time the canals were picking up
ground water in inland areas and transporting it to the coastal areas
where canal levels were being maintained to help retard saltwater inttu-—
gion by infiltration from canals.

All the fresh ground water used in Dade and Broward Counties 1is
from the Biscayne aquifer, Targe capacity municipal wells commonly
contain 40 to 60 ft of large diameter casing, 6 to 42 ingand open hole
below the casing to 75 or 100 £t in Dade County, and deeper in Broward
County. Yields are from 500 to more than 7,000 gal/min (gallons per
minute); water-level drawdowns are small, Specific capacities from
tests of several days' duration are from abhout 1,000 gal/min/ft of
drawdown in Dade County to 200 gal/min/ft in north Broward and southeast
Falm Beach Countlies.

13
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In the agricultural areas of south and interior Dade County,
irrigation wells are usually rotary drilled to depths of 25 to 35 ft.
Casing is not required because the aquifer is aolely limestone, . Hun-
dreds of these wells are drilled at apacings as small as 300 ft, A
large capacity irrigation pump mounted on a truck is moved from well to
well and each 1s pumped for short intervals at rates of 500 to 1,000

EDPT1.

Thousands of amall diameter (2-inch) wells are used throughout the
year for irrigation of residential lawns and shrubz, These wells, about
20 to 50 ft deep, are normally pumped at rates of 25 to 40 gpm. 1In
areas near the coast or adjacent to tidal canals no fresh ground water
is available so reaidences use municipal water for lawn irrigation.
Shallow wells of small diameter are also used for domestic supplies in
areas not serviced by municipal systems,

Recharge and Discharge

The Biscayne aquifer is recharged principally by rainfall. The
ayerage anmual rainfall in the lower east coast aresa varies areally from
58 to 64 in; the annual extremes experienced are 29 in and 106 in (Leach
and others, 1972, p. 9-10), The rainy season, June -~ October, con-
tributes about 70 percent of the total, Turing this period heavy rains
are associated with tropical disturbances and frequent short, local
downpours, Light to moderate rainfall during the dry season is asso-
clated with cold fronts moving southward through Flerida.

The oolitic limestone and sand that form the upper surface of the
aquifer readily absorb rainfall and move it rapidly to the water table,
The rapid response of the water table to rainfall in the Miaml area is
indicated in figure 9. Infiltration of rainfall is retarded hut not
prevented in interior parts of Dade and Broward Countieszs where thin marl
deposits cover the surface, and along the shallow elongate depressions
that dissect the urban area. Other sources of recharge to the aquifer
are: (1) Connate ground water of inferior quality (Parker and others,
1955, fig. 221) along the upper reaches of the Miami, the North New
River, and the Hillsboro Canals in Broward and Palm Beach Coi .ties
(northwest of the limits of the Biscayne aqulfer) that 1is tranaferred
eastward during dry seasons: (2) Water from Lake Okeechobee released by
the SFWMD into the Miami Canal during the later weeks of the dry seasons
to replenish the Miami area; and {3) Effluent from septie tanks, certain
sewage treatment plant and dispesal ponds scattered throughout the urban
ares.

Parker and others (1955) and Meyer (1971) estimated that 20 in of
the approximately 60 in of annual rainfall in Dade County is lost
directly by cvaporation, ahout 20 in is lost by evapotranspiration after
infiltration, 16 to 18 in is discharged by canals and by coastal seepage,
and the remainder is utilized by man., Sherwood and others (1973, p. 49)
indicated comparable values for Broward County, Thus, nearly 50 percent
of the rainfall that infiltrates the Biscayne aquifer is discharged to
the ocean, a reflection of the high degree of connection between the
aquifer and the canal system.
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Figure 10 (see fig. 8 for well locations) shows long-term water-—
level fluctuations in chservation wells in the eaat edge of the Ever-
glades in Dade County (Well G=5%6), in south Dade County {G-613), in
north Dade County (5-18), and in inland Broward County (G-616). The
decline of the minimum and average water levels and the increase in the
magnitude of fluctuation in wells =596 and G-613 are the result of
improved drainage in gouth Tade County by the digging of Canals 1, 102
and 103 (fig, 7) after 1960. The response to drainage was similar in
the vicinity of well G-616 in north—central Broward County, In con-—
trast, minimum and average levels have increased in well 5-18 In north
Dade County, and the range in fluctuatlon has decreased.

Canal-Aquifer Relation

(ne of the most important factors in flood control and water
management in southeast Florida is the hydraulic connection between the
Biscayne aquifer and the canals that dissect the aquifer (fig., 11).
This inter—connection brings about benefits and problems, The benefits
are: (1} Flood prevention by the rapid removal of excess water to the
ocean through operatrion of control structures in canals; and (2) the
movement of ground water from the interior to the coastal areas where it
can Infiltrate the aquifer and maintain high water levels to retard
saltwater intrusion. Problems related to good aguifer—-canal inter-
connection are: (1) The movement of saltwater into the aquifer along
the coast and tidal eanals during times of low water; and (2} the
threat of pollutants entering the aquifer from the land surface or from
canals, and moving long distances, The degree of connection can be
affected by the amount of sediment that accumulates along the bottom of
the canals. Thus, the rate at which a canal can recharge or discharge
water to or from an aquifer may change over the years because of the
accumulation or removal of channel-bottom sediments,

Data relating the response of the ground-water levels to changes in
canal levels (Pitt, 1976, p. 5) indicate the connection between the
aquifer and the canals ranges from excellent in the permeable limestone
areas of south Dade County, to poor in north parts of Broward County
where the permeability of the sand 1s comparatively low. The influence
that canals have on fluctuations of ground-water levels after vain
storms 1o south Dade County is shown by the short-period hyvdrographs in
figure 12 (Klein and others, 1975, p. 65); the rate of receassioen of
ground-water levels after storms was increased markedly after canals
were constructed.

The effectiveness of the canal system in removing ground water to
prevent flooding in scuth Dade County is shown by comparing figures 7
and 13, Figure 13 shows the record high levels in south Dade County as
a result of extremely heavy rainfall associated with two tropical
disturbances in September 1960. Peak water levels exceeded 10,5 ft
above sea level and much of south Dade County was flooded. In contrast,
figure 7 shows ground-water levels after the comparable heavy rainfall
in May - June 1968 when the canal-drainage system in south Dade County
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WATER TABLE

When the water level in an aquifer is higher than that in a canal that
penetrates it, water moves toward the canal,

WATER TABLE

When the water level in a canal 1s higher than that in the aquifer ii
penetrates, water moves into the aquifer,

Figure 11.--Hydraulic connectlon between a canal and an aquifer (¥Xlein
and others, 1975, p. 38). 19
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was operatiomal, Drainage by the canals prevented the formation of the-
high, elongate ground-water mound shown in figure 13; rather, isolated
mounds of lower elevation were forwed in the Intercanal areas.

The degree of effectiveness of the hydraulic connection is also in—
dicated by the rate at which canal water can infiltrate downward and
laterally into the aquifer during dry seasons when water levels in
canals are higher than adjacent ground-water levels in the coastal area,
Principal areas of concern are the canal reaches In the vicinity of the
major mnicipal well fields. The canal-bottom sediments tend to retard
but do not prevent the infiltration of canal water into the aguifer in
these areas, Investigations by Mever (1972) in the Miami Springs-
Hialeah well-field area adjacent to the Miami Canal, showed that infil-
tration from the Miami Canal comprised 52 percent of the total water
pumped in 1970 and 55 percent in 1971, Infiltration is alsc retarded by
beds of fine sand below the ocolitic limestone.

The response of groumnd-water levels to control-structure operations
is shown in figures 14 and 15. The water-table contour pattern for July
21, 1959 shows that when the control was open ground water was moving
toward all reaches of Canal C-2 and then to Bizscayne Bay. The pattern
for May 24, 1962 shows that when the control gtructure had been closed
for several months, the water level in the canal was higher than adja-
cent ground-water levels and water was infiltrating the aquifer along
all reaches, particularly to the north, toward the Alexander Orr well
field. The hydrographs of C-2 Canal and wells within the bazin (fig.
15) show the rapid response of ground-water levels te changes in canal
levels, further evidence of the good connection between the aquifer and
the canal,

Saltwater Intrusion

Saltwater intrusion affects the entire coastal zone of the Biscayne
aquifer. Saltwater extends inland from the coast and along tidal
gtreams and canalg., It moves inland and upward in response to low
ground—water levels, and seaward and downward in response to high
ground-water levels,

The sequential maps in figure 16 show that most of the saltwater
intrusion in the Miami area took place before 1946 when canal flow was
virtually uncontrolled and ground-water levels were greatly lowered.
Intrusion was halted during subsequent vears as a result of installation
of control structures in canals by the local and State water=control and
water-management agencles, A readvance of zaltwater occurred during the
prolonged dry season of 1970-71 in the Miami and south Dade County areas
as shown in figure 17.

The inland advance of saltwater in the Miami area was due to the
fact that econtrol structures in the Miami, Tamiami, and Coral Gables
fanals were placed too far upstream for the effective control of salt-
water movement (Parker and others, 1955, p. 705). The advance in the

22




' SOUTHWEST

WELL FIELD

T sa—

!
EXPLANATION
—5.00 — ‘
WATER -TABLE CONTOUR--SHOWS ALTI-
TUDE OF WATER TABLE. CONTOUR

INTERVALS 0.25 AND Q.50 FQOT.DATUM
1S MEAN SEA ILEVEL

»
OBSERVATION WELL

JULY 21,1959
GCANAL STRUGTURE OPEN

L ! LTLMPORARY LONBROL £LOSED
'xf? ALEXANDER ORHA o o | cowrme cLoSED

Y Il ¥ ol e, Y/ e NN
_\ L ? -
N —fﬂ*ﬂ.\ AN

-~ -—zen ; i
(@) J )
"N \ '

EXPLANATION — i ;
e 7A
- &
WATER-TABLE GONTOUR--SHOWS ALTITUDE A 7
OF WATER TABLE.DASHED WHERE APPROXI-
MATELY LOCATED.CONTOUR INTERVALS //

SOUTHWEST
WELL FIELD

m— i ———

0.25,0.50 AND 1.0 FOOT.DATUM |5 MEAN
SEA LEVFL.,

0 ! 2 MILES s

1 | |
MAY 24,1962
CANAL STRUCTURE CLOSED

Figure l4.-—Water lavels in Canal 2 area, July 21, 1959 (Sherwood
and Leach, 1962) and May 24, 1962 (Sherwood and Klein,
1963).

23




4.3 v -

L _
4.0 WELL § P80.. T
' LTI
WELL F oz ~===] LN
3.5 _ o T
7 N'\/\)"\ L o :"“'*-
5.0 .
qfi:ﬂf” L
- .
2.5 ﬁiwix.h g .f
) L) [ ) i
RO (W AR . J
WELL s:m—-‘u ...-; / r\/
50 WELL F I AR

=
<
<]

__.-—-"
—— ]
P———l

wed
w
=
[T
|
=1
[FR ]
w
=
<l .
L
w 05 |
3 45
a2 ]
4.0 /,_;‘" ‘
L CANAL C-2 / b
. i .L " [~ s e,
=z 3.5 |— e, P T < -
- AT MILLER DAWE |~ ’Q:f‘.;h‘
|
w30 | \rconrroe): —
il HALF A MILE grEnee S
- EAST OF GALLOWAY RD.
Mo 2° A R R i {
ke S WA WAN] WAN] (¥ WA |
i YA A Woladyg CONTROL r ! \
= 20 L-ctose0 AW
g I W/
\ i & v
1.5 T ! v
\ f
/ i } i
1.0 +
; "{m { l' | ‘l \ I:
0.5 ”%I | ‘l!_ ‘nl. t‘
> iy T Ty 1
i i ¥ ‘| W
SEA c__fﬂ X !: 1y |t —
TROL
LEVEL .S? » 1
0.5 I . ey

V7 g8 19 20 2l 22 23 24 25 26
JULY 1959

Figure 15,~-Response of ground-water levels to changes in water levels
+in Canal 2, July 17-26, 19539 (Sherwood and Leaeh, 1962,
ps 13); well locations in figure 1l4.




— WECACET | pawaL el Aepcarae Cdwa,

A
ChEX

1

cifTud e {pay

MEE Agey

Er

- imhal WATER
mL AT

£

AvEmui &

%Illuu aVE

1984

. WELAeRl | casap iﬂ'ﬂ"._ Sdmas R . ECATAE |

"
|—.
|

L
i *
H

H

o
: LITTEE MR ok E. icrred _mvpm |
o [ x
H H

MIsH WATER
- FlaN1

r

o M wa
PLART

FuLAGLELE 5T

EXPLANATION:

AREA OF
SALTWATER INTRUSION.

o 5 MILES
S s B B B

Figure 16.--Areas affected by saltwater intrusion 1904-1971 (Parker and
and others, 1955, Fig. 169).

25




L

Lt BCCA
— A seacabouurtan, RATON

BROWART |

L-dE

Moy,
» Mty

FORT
| RUIOF ROAI T

(=412 SOUTH WEW RivER,

-13

HARUWLED
DADL

rAMIAN,  CANAL

N Houcrwoon

— i

! asd

L]
s
8
-
T
~

L

i

DATA MOT SHOWN FODR
- PALM BEACH COUNTY

N Q0 2 4 MILES
[S——

FEXPLANATION
1 ——

TION OF 1000 MILLIGRAMS PER LITER
OR MORE IN WATER AT BASE OF BIS-—

AREA THAT RHAS CHLORIDE CONCENTRA-

CAYNE AQUIFER, 1975

Figure 17.--Southeast Florida showing inland extent of saltwater

intrusion, 1975.

26



Fort Lauderdale area, similarly, was the result of placement of struc-
tures too far inland in the North New River and South New River Canals.
The particularly wide zone of salty ground water in southeast Dade
County was the result of the maze of canals and mosquito-control ditches
which lowered water levels and permitted saltwater intrusion (Parker and
others, 1955, p. 711).

WATER QUALITY

The chemical quality of the ground water in the Biscayne aquifer
differs slightly from place to place; most differences in quality are
related to the nature of the aquifer and local land use (Pitt and
others, 1975, p. 44). In general, the water ig hard, a caleium bicar-
bonate type, and contains different amounts of dissolved iron, Digw
solved constituents in the ground water are influenced by rainfall and
dry fallout, reaction with s0il and agulfer material, application of
fertilizers and pesticides, biological processesz at the surface and
within the aquifer, infiltration of wastes, chemical reactions among
constituents, temperature, and pressure, '

Ground-water quality in the vicinity of canals is also affected by
canal water during dry seasons. The areas of this type of effect prob-
ably are small because of the seasonal reversals of hydraulic gradients
between the canals and the aquifer. However, where large municipal well
fields near canals are pumping continuously, such as the Miami-Springs
Hialeah field adjacent to the Miami Canal, the induced infiltration of
canal water to the aquifer is virtually constant and a wide zone of
ground water is affected by canal water.

Chemical analyses of untreated water from selected large muniecipal
well fields that withdraw water from the Biscayne aquifer (fig. 18), are
shown in table 1. Sanples were collected June 1975. Also shown are
analyses of water from two test wells in interior parts of Dade County
{fig. 18); both wells are remote from urban and agricultural develop-
ment, The test=well samples were collected in October 1973 and October
1974. The analyses from the municipal wells represent ground-watar
quality affected by several years of pumping, urban runoff, periodic
rainfall, canal drainage and canal-water seepage, septiec—tank operatiom,
and agricultural activities. The analyses from the two Interior wells
can be considered base—line water quality, not affected by development.
In general the analyses are simllar, except for low concentrations of
sulfate and potassium in the remote test wells which are distant from
urban and agricultural areas where fertllizers are used regularly, For
comparison table 2 shows analyses of untreated water from four public
supply well fields for 1941-42--during the early stages of urban growth
(Parker and others, 1955, table 114).

One of the prime problems of water treatment for municipal supplies
is the high organic content of the raw ground water. Color of the water
in southeast Florida is related to the proximity of the thick organic
peat soils of the Everglades. As indicated in table 1, color 1s high in
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Table 1.— Analyses of untreated water from selected municipal well
fieclds and from Everglades sites, 1973=75,

[Healy, 1977 and Pitt and others, 1975]

= -
a ]
- 3 o "
Constituent - g e 3 3
H o~ ] = I = =
- LT n o o oo
{Concentrations in milligrams el i & o Lg el ol
per liter, except as g 2 a - o 08 pg £8
indicated) o o9 T - wo T W yr
35 | EE | RS | B5 ) EE¥ | % | 3@
Mmoo o = = wox MRy = [
Silica (5104) 7.5 G.7 7.0 4.3 3.2 7.1 5.3
Caleium (Ca) 30 100 90 92 100 93 31
Magnesfum (Mg) 2.1 2.8 5.4 3.2 3.8 7.0 44
Spdium (Na) 18 19 38 16 13 17 14
Potasslum {K) 1.4 1.5 3.0 1.7 n.7 0.7 0,3
Strontium {Sr) 0.75 .78 .87 T4 1.10 .39 .61
Bicarlbonate ({1IC045) 212 299 272 259 136 321 263
Sulfate (8504} 26 26 28 28 62 1.3 0.9
Chloride {Cl) 34 i3 57 25 23 29 25
Fluoride (F) 0.3 0.3 0.3 0.2 0.3 0.3 0.2
Nitrate (NO3-N) .0 .01 .01 .25 .00 .00 .00
Nitrite (NOz-N) .00 .00 .00 .00 .00 .00 .00
Nitrogen, ocrganic (N) - - 1.1 - - 55 .89
Niteogen (.31 W63 1.10 .01 .M 1,20 A
{Ammonia total NHg4=N)
Iron (Fe) .08 1.8 + 90 L03 .29 2.9 -
Phosphorus, taotal (P} - - - - - N2 .00
Dissolved solids 320 384 394 322 356 353 2485
{residue at 180°C)
Total hardness 210 260 250 240 270 250 220
{as CaC03)
Noncarhonate hardness 36 15 27 28 76 13 9
{as CaCD3y)
Alkalinity (az CaCl3) 174 245 2273 212 194 263 215
prH (units) 7.0 7.4 7.6 7.5 7.5 7.3 7.8
Specific conductance 500 Al 663 340 569 567 a65
{umhos/em at 25°C)
Color {(Pt—~Co unies) 7.5 45 55 5 5 - -
Temperature {°C) 28 - 28 28 - 24.3 24
Turbidity (JTU} - - 1 - - ) 14
Carbon, organic, total (C) - - - - - 15 9.0
Orthophosphatea - - - - - .06 00
total (PO4=F)
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table 2.-- Analyses of untreated water from certain public pupplies in

goutheast Florida, 1941-42.

[Data from Parker and others, 1953, table 114]

Constituent

(Concentrations in milligrams Miami

per liter, except as Fort {Hiateah -

indicated) Boca Raton Landerdale [Miami Springs) Homestead
Color {units) 10 110 85 5
pH (units) 7.2 7.3 6.8 ——
Specific conductance

(K x10%) 32.1 45.8 57.7 37.9
silics (5102) 9.6 11 7.4 2.8
Iran (¥e) 0.06 1.9 1.3 0,02
Calcium (Ca) 59 88 94 63
Mapgnesium (Mg) 31 3.3 9.6 6.5
Sodium (Ma) 3.0 11 22 6.8
Potassium (k) —_ 2.2 0.4
Bicarbonate (HCOq) 168 266 266 218
Sulfate (504) 20 2.4 34 8.3
Chloride (cl) 18 12 38 10
Fluoride (F) 0.3 0.1 0.1 0.2
Nitrate (N(3} .7 2.1 1.5 +3
Mysolved =olids 195 294 370 212
Total hardness as CaCO3 160 233 274 184
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the raw water from the Miami Preston well field which 1z a short dis-
tance downgradient from the areas of thick organic seil in the Ever-—
glades. In contrast, the color at the Miami-Orr and Key West well
fields is much lower because of the greater distance from the organic
s0lls, The organic content in raw water can become a problem in the
removal of color, Chlorine used in the treatment process haz been shown
to produce halogenated organies (principally trihalomethanes) some of
which may be carcinogenic (Rook, 1975).

Trcatment of public water varies from chlorination only to a com—
prehensive treatment which ineludes aeration, chlorination, coagulation,
filtration, fleocculation, pH control, softening, taste and odor control,
recarbonation, and fluoridation.

GROUND=WATER WITHDAWAT.S

Municigal

In 1976 eighteen major utility companies operated 37 well fields
and water-treatment plants in Dade County to supply about 345 million
gallons on peak-demand days., In Broward County 49 major facilities
(fipg, 18) supplied nearly 155 million gallons per day. The average
daily pumpape by the municipal system in Boca Raton was 17 million
gallons in 1976. Figure 19 shows the areas in Dade and Broward Countics
that are served by municipal or small public water-supply systems and
those areas served by individual residential private wells (Planning
Departments, Broward and Dade counties). Almost 84 percent of the
developed arca of Dade County is served by public water systems.

Irrigation

In 1975 a total of 62,350 acres were irrigated in Dade and Broward
counties with an average for the year of 168 Mgal/d of canal and ground
vater. Wells produced 67 percent of the total., Water use is seasonal.

Most agricultural Tapnd in the area of the Biscayne aquifer is east
of the water—conservatlon areas of the SFWMD but west of the urban
coastal zone, Truck crops are the main produce. Irrigation and fer-
tilization are required during the fall and winter, In recent years,
new methods of planting under plastic shects have reduced the require-
ments for irrigation water, fertilizer, and pesticides, Ciltrus, mangn
and avocado groves, are scattered along the coastal areas, to the weat
in south Dade County, and in inland parts of south Broward County.
These groves require irrigation primarily during November through May.
Mest of the grove irrvigation is by overhead sprinkling,
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Effects of Pumping on Water levels and Flow

Water levels are highest in the water-conservation areas and
gtound-water flow is gencrally toward the coast (figs. 7 and 8).
Locally, flow direction may be influenced by canals and by pumping
wells,

The direction of ground-water flow in the vicinity of the large
nunicipal well fields 1s greatly Influenced by continuous heavy with-
drawala, The effects on water levels and ground-water flow in two of
the large well fields are shown in figures 20 and 21. The water levels
in the Hialeah-Miami Springs well field, in 1974, were lowered to 8 ft
below sea level at the center of pumping (fig. 20), and ground-water
flow was toward that center from the surrounding areas. The withdrawal
rate in 1974 was 110 Mgal/d. Water from the adjacent Miami Canal and
other loecal ecanals was leaking downward into the aquifer. An auxiliary
well field is bheing established 0.5 mi west of the junction of the Miami
Canal and the Florida East Coast Canal., It is designed to reduce the
tate of withdrawal from wells in the south part of the municipal well
field near the Miami Tnternational Alrport, an area threatened by
saltwater intrusion during the dry seasonsa,

The contours in filg. 21 show the effect on ground-water levels
caused by withdrawal of 30 Mgal/d from the Fiveash well field of the
city of Fort Lauderdale in May 1972. Water from Canals 13 and 14 was
being diverted toward the center of pumping.

VULNERABITITY OF BISCAYNE AQUIFER TO CONTAMINATION

The Biscayne aquifer is vulnerable to contamination from several
sources other than by =zaltwater intrusion: (1) Direct infiltration of
runoff from buildings, yards, paved areas and agricultural areas; (2)
infiltration from septic-tank drainfields, soakage pits or galleries dug
into the upper part of the aquifer; (3) canalg and rock pits cut into
the upper part of the aquifer; (4) solid-waste disposal areas (landfills
or dumps); (5) sewage treatment plant disposal ponds; (6) wells used for
drainage of sterm water; and (7) wells used for disposal of industrial
waste, Diaposal wells had been permitted by the local Health Department
where ground water contains chloride concentrations more than 1,500

mg/L.

Contaminants that have entered the aquifer flow system trave]
toward the ocean, unleas they are diverted by pumping wells, utilized by
vegetation, are adsorbed by the limestone sand or marl that compose the
aquifer, or chemically precipitate to form insoluble compounds. Travel
time to the ocean may range from days to years, depending upon the
location of the source and the nature of the contaminant, ground-water
gradients, the hydraulic conductivity of the aquifer, and rainfall,
Travel to the ocean 1z more rapid during the rainy season than during
the dry season, and more rapid in areas near canals than in areas
distant from canals. Movement of contaminants in the aquifer will have
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lateral and vertical components, influenced by the ground-water pgradient,
the density of the contaminant-containing liquid if it is different from
that of the ambient ground water, and the relative heorizontal and vertieal
hydraulic conductivity of the agquifer.

Waste-Water Disposal

In July 1976, 97 treatment plants having a total design capacity of
14¢ Mgal/d were treating 90 Mgal/d of waste water in Broward County
(fig. 22). The majority of these were discharging secondary treated
effluent at the coast or into major canals, Three of the largest plants
discharge directly to ocean outfalls,

In 1977 only 47 percent of the developed area of Dade County was
gerved with public sewers, Thirty-eight major waste-water treatment
plants have a total ecapacity of 226 Mgal/d; the 3 largest of these
comprise nearly 58 percent of the total treatment capacity of the
county. In addition, 100 small plants have a total capacity of nearly
6.5 Mgal/d., OF the total effluent, 233 Mgal/d, about 115 Mgal/d 1=
discharged directly to the ocean (of which 30 Mgal/d is untreated) and 7
Mgal/d is injected into saline aquifers through wells about 3,000 ft
deep. The remaining 111 Mgal/d of secondary and tertiary treated
effluent, is discharged to controlled and uncontrolled reaches of
canals, soakapge pitsa, or drainfields dug into the Biaecayne aquifer,

The major waste-water treatment franchise areas in Broward County
are shown in figure 23. Figure 23 also shows areas in Dade County
served by sewers.

A gignifieant part of the total sewage effluent generated in south-
east Florida from residences and some industries iz discharged into
septic tanks. Pitt and others, (1975, p. 9), estimated that in 1970
nearly 175,000 septic tanks were discharging about 40 Mgal/d of domestic
waste water to the aquifer in Dade County., In Broward County the
Department of Pollution Control and the Area Planning Board estimated
that about 80,000 septic tanks were discharging more than 28 Mgal/d into
the aquifer in May 1972, Some of these septic tanks were eliminated as
gewel systems were expanded while others were heing installed in new
rezidential areas.

One of the problems that continues to confront health and water-
gupply offieials iIa that thousandz of residences in southeast Florida
3till depend on individual shallow wells for water supplies in areas
served by septic tanks. These individual supply wells usually range in
depth from 20 to 50 ft in Dade County and more than 30 ft in Broward
County, Pitt and others (1975) found measurable amounts of septic—tank
effluent in the upper 20-30 ft of aquifer at five study sites in Dade
County, Dispersion, dilution, and chemical processes presumably obacure
direct evidence of =zeptic—-tank effluent at greater depths.
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The concluslons by Pitt and others (1975) may not apply to the
overall ground-water quality of densely populated urban parts of Dade
and Broward Counties where the upper sections of the aguifer are pri-
marily sand. Many of these older residential sections are atill served
by septic tanks, Because of lack of regular maintenance, septic tanks
can become overloaded and the drainfields clog causing raw effluent and
solids to be temporarily backed up. Pitt and others (1975, p. 20-21)
inferred that along much of eastern Dade County where the water table is
B ft or more below the drainfields, recognizable effluent from single
family residential septic tanks may reach the water table only during
times of heavy rainfall, Part of the effluent would be evaporated or
utilized by lawn grass, shrubs and trees, and the remainder would filter
into unsaturated sedimentsz which may remove some of the constituents in
the liquid. In lew lying urban areas, effluent from residential septie
tanks may reach the water table during dry seasons as well as wet
SEAS0NS .

Wastewater iz also disposed of through zcakage pits or drainfields,
by direct discharge to canals, and injection into deep wella, BScakage
pits and drainfields are excavatilons in the upper part of the aquifer
which are backfilled with gravel and sand to expedite vertical infiltra-
tion of effluents. These recelve effluents from small treatment plants
in interior areas where regional sanitary sewer systems are not avall-
able, The design capacity for these waste plants varies from 0.05 to
0.2 Mgal/d. Level of treatment 1s usually tertiary. The plants serve
large condominiums and apartment complexes, shopping centers, small
housing developments, heospitals, and large office buildings.

Some of the larger and older sewage treatment plants discharge
effluent into canals. Treaitment is usually secondary, Points of dis-
charge for most of the plants are upstream of control structures.
Becpuse little or no flow ocecurs in those canals during the dry season,
the canal water tends to become enriched by nutrients and at times algal
blooms form. No studies have been made and no data have been obtained
concerning extent of the lateral and vertieal movement of nutrient-
enrlched water from the canalas to the aquifer during dry periods when
water levels In canals are higher than adjacent ground-water levels,

Injection of secondary treated sewage effluent into deep wells
began in 1972 in a rapidly growing housing area southwest of Miami, The
discharge is into cavernous dolomite and limestone at a depth of about
3,000 ft where the ground water has the salinity of sea water. The zone
receiving the effluent is separated from the Biscayne aquifer by an 800-
ft thick section of relatively impermeahle fine sand and elay, and about
2,000 £t of permeable and poorly permeable limestone. Two deep well
disposal systems are operating in Dade County and one in Broward County.
A large capacity system is under construction (1978) in the near-coastal
part of south Dade County for the Miami-Dade Water and Sewer Authority.
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Solid-Waste Disposal

The disposal of solid wastes represents a potential source of
contamination to the Biscayne aquifer because of the increasing volume
of waste and trash generated and the need for dispozal areas, the
rapidity of aquifer recharge, and the shallow depth of the water table,
The distribution of solid-waste disposal sites in the two-county area is
shown in fipure 24, The distribution includes closzed, transfer, and
active disposal sites, Even though a site is closed, it may contribute
leachates because of continued decomposition of waste materials,

Imvestigations of ground=-water quality have been made in the
vicinlty of seolid-waste disposal facilities 5 mi northwest of Pompano
Baach, and near the western city limits of Hialeah, The facilities have
been in operation more than 15 years, The site near Pompano Beach is
underlain by unconsolidated medium to fine sand which permits vertical
movement of leachate. Water from 20-ft deep wells less than 100 ft
downgradient of that facllity contained average dissolved =solids con-
centrations ranging from 1,5%87 mg/L to 1,677 mg/L. Water from wells 90~
ft deep at the same site contained 475 mg/L, about the same concentra—
tion as water from shallow and deep wells upgradient from the disposal
area. Shallow ground water in the upgradient, uncontaminated area
contained 413 mg/L dissolved solids (Pitt, 1975, Table 2).

. The solid-waste disposal facility near Hialeah is 3 mi upgradient
(west) from the largest municipal well field in southeast Florida (fig.
20), The direction of ground-water flow in the vieinity of the well
field suggests that Teachate from the disposal area iz migrating toward
the pumping wells. The calculated average rate of ground-water movement
was 2.9 ft/d (feet per day) (Mattraw, and others, 1978). The distribu-
tion of specific conductance of ground water along a west—east profile
beneath the disposal area in October 1974 is shown in fig. 25 (Mattraw
and others, 1978, fig. 20). Conductance values are greatest immediately
beneath the disposal area, and decrease with depth. The pattern of the
distribution shows the downgradient migration of the leachate, influ-
enced partly by the heavy well-field pumpape to the east. Mattraw and
others {1978) indicate that the occurrence of leachate at distances
greater than 0.5 mi from the source is difficult to determine because
dispersion and recharge dilute contaminant concentrations in the plume
to concentrations that are virtually equivalent to ambient concentra-
tlons,

In general, the extent, shape, and concentration of the leachate
plumes that form depend upon the following: (1) The vertical and
horizontal permeability of the aguifer; (2) the types and volumes of
waste; (3) the duration of the waste-disposzal operation; {(4) amount of
infiltrated rainfall; (5) the adsorbant properties of the geologlc
materials that compose the aquifer, and (6) the hydraulic gradient.
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Urban and Agricultural Runoff

Bunoff from urban and agricultural areas has caused deterioration
of the quality of canal water and to a lezser extent, ground water,
Runoff enters the aquifer by surface infiltration, infiltration from
canals, soskage pits, infiltratioen galleries or drainfields, french
drains, and by drainage wells. Runoff enters canals and lakes by
overland flow, through outfalls of storm—sewer systems, and by ground-
water discharge.

Urban runoff contains a large variety of substances and chemicals
including residues from automobile traffic on hundreds of miles of
heavily traveled ruvads, household refuse, fertilizers and insecticides,
and animal waste. A summary of water-quality data from sites on se-
lected canals in urban parts of Dade County for 1976 i1s given in Table 3,
These data were collected monthly by the Dade County Department of
Environmental Resources Management. The sites on the Coral Gables
waterway and Wagner Creek (near downtown Mlaml) are in uncontrolled
(tidal) reaches of canals; the remaining sites are along controlled
reaches of canals,

The quality of the storm runoff from a low density (4 single-family
residences per acre) resldential area in Broward County 1s compared with
a comparable acreapge high density (multi-family apartmentsz) residential
area in Dade County in Table 4, The nutrient content in the runoff from
the Broward County area was generally higher than in Dade County prob~
ably because of the large percentage of lawn area contrasted with the
large paved vehiele-parking area in the Dade County site, Much of the
nutrient content comes from fertilized lawna and shrubs in low density
residential areas.

Pollution from urban areas is greatest near the coast where housing
density iz greatest and paved areasz are maximum. Storm runoff in the
coastal urban areas is generally to storm sewer syatems connected to
treatment plants or to tidal reaches of the nearest canals and then to
tidal water, Im near coastal areas not served by sewers, storm water
infiltrates the aquifer directly and carries contaminants downward. In
these areas, the residence time of contaminants that reach the saltwater
zone of the aquifer 1s short because of the proximity to points of
discharge to tidal waters.

In less dense populated areas farther inland, storm—water runoff
from reaidential areas, zmall shopping ecentera, and roadways infiltrates
directly into the aguifer. The thin soil, vard grasses and the shallow
sections of limeatone and =zand above the water table tend to take up
nutrients or filter or adsorb part of the pollutants before they reach
the water table. The pollution loads are greatest at the early part of
the rainy season when the "first flush” of the adsorbed or filtered
constituents occutrs, Subsequent rainfalls produce decreasing loads.
Runoff from large shopping centers with multi-acre parking facilities 1is
usually piped to a large sump to remove splids and other debris and then
to a soakage pit or drainfield where it infiltrates the agquifer. If the
area is near a controlled canal, the runcff may be discharged there.
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Table 3,— Water quality in selected canals, 1976

[Data from files of Department of Eavironmental Rescurces Management, Dade County)

Dissolved Bipchemlical Phos
Sample. Station Dxygoen Oxygen Demand Phosphate Coliform
Location (D0} {BOD) {P04) Bacteria pH
1976 DATA
Mg /L Mg/L Mg /1L per 10D mL (MPN)

MIN MAX AVG | MIN MAY AVG MIN MAX AVE MIN MAN AVG MIN MAX

Miami Canal 0.9 6,8 3.0 0.4 2.8 1.6 |0.09 0,40 0.23 45 17,000 3,210
Madian 1,300 Tal 7.6

Red Road Canal 1.5 5.4 3.3 L 2.8 1.3 09 + 45 27 18 240,000 37,2686
Median 1,245 7.2 7.8

Eed Road Canal 1.5 f.3 3.3 .3 3.0 1.8 .09 .24 .18 G0 35,000 7,582
Median 3,300 7.3 1.7

Miami Canal 1.4 6.8 3.3) .6 3.3 2.B 07 .11 L9013 11,000 2,872
Median 1,045 7.1 7.6

- Coral Gables 2.0 b.b 4.7 . 3.4 2.1 2 .18 .11 45 7,900 1,539
= Waterway Median 640 7.2 B.2

C-10( A& Canal 2.5 15,8 8.8 1.0 1.5 2.2 0% 54 .31 78 92,000 10,592
Madian 2,750 .l T.6.

Wapner Creek 0.4 2.6 1.6{0.2 9,2 2.7 .09 <34 L2212,300 240,000 111,618
{tributary of Median 52,000 7.1 1.6

Miami River)

Snapper Creak 1.5 7.0 3.6 1.3 15,2 3.9 « 25 A2 39| 330 24,000 3,900
Median 2,300 7.0 8.0

C-100 Canal 3,2 8.6 6.3 104 2.8 1.8 09 .61 L X 3,300 1,578
Median 1,300 7.1 7.9

Coral Gables 4.5 9,3 7.0 1.2 17,2 3.9 .02 .50 L2310 330 24,000 7,916
Haterway Median 3,300 7.1 8.7




Table &4,-— Quality of runoff in high and low density residential areas.

Broward County
Low Density Residential

Dade County
High Density Residential

Ho,* Mean Minimum  Maximum Ho.* Mean Minimum  Maximum
Organic Nitrate-N 344 1.23 .18 9.4 2z 0.913 a.37 2.6
(mg /L)
Ammonia-¥ {(mg/L} 342 0. 343 .01 2.6 27 .031 .01 0,07
Nitrate-N (mgfL) 344 B4 .0 2.1 27 067 .0 .15
Total Phosphorus 344 . 317 L6 2.4 27 204 .12 .50
as P (mg/L)
o Total Orthophosphate 345 .218 .03 1.8 27 094 .03 .23
as P {mg/L)
Copper (ug/L) - 8.3 o 41 51 9.34% 0 45
Iron {ug/L} 27y 317 0 5, 300 51 476 100 2,600
Lead {ug/L} - 167 30 1,100 51 213 20 1,100
Zine (ug/L) - 86,7 10 560 51 168 20 790

*Number of samples



Pollutant concentrations increase only temporarily in the canal
water during the rainy season because the control structures in canals
are opencd repeatedly to discharge surplus water to the coast and pol-
lutants arc flushed to the ocean. A large part of that surplus comes
from shallow ground water in areas adjacent to the canals. Flushing
of shallow ground water occurs annually during the rainy scason; the
amount of flushing is dependent on the frequency and amount of rainfall
and the locations of pollutants with respect to drainage canals.
¥lusghing in shalleow parts of the agquifer is less effective in areas
distant from canals than in areas adjacent to canals.

Contribution of pollutants to the aguifer and to canals in the
urban areas is minimal during the dry seasons, However, moderate-to—
heavy, infrequent storms and attendant runoff can result in build-up of
nutrients and other pollutants in shallow parts of the aquifer and in
canals. These infrequent contributions tend to build up because control
structures are ¢leosed. The only other contributions to canals are from
inflows of pround water in the upgradient areas which contain nutrients
from the use of fertilizers in residential areas and from septic tank
effluent, In the downgradient reaches of canala where the canal water
is higher than the ground water level, some filtration and adsorption of
the nutrient-rich canal water takes place as the canal water seeps into
the aquifer,

A part of the nutriemt enrichment of ground water and canal water
ia from agricultural areas of interior Broward County and south Dade
County,. Analyszes of ground-water showed no pesticide content but
an accasional low concentration of the herbicide, silvex., The canal
water in Broward and Dade Counties frequently contalns detectable but
low concentrations of silvex and 2-4D, and oceasionally dieldrin,
diazinon, lindane, and polychleorinated hiphenyls. In contrast, canal-
bottom sediments, contain a greater varlety of herbicides and ingecti-
cides at much greater concentrations (Mattraw, 1975).

Pitt and others, (1975, p. 51) suggested that uniformly high
nitrate concentrations in water from c¢ertain cobservation wells of dif-
ferent depths in south Dade County are probably related to the extensive
and long-term agricultural activity in south Dade County. Citrus,
avocados, and mangos have heen grown for many vears in szouth Dade
County. Fertilirzer and pexticides are used regularly and irrigation is
from thousands of shallow wells throughout the dry seasons. Alse, in
south and inland Dade County and part of north Broward County, truck
crops grown during October - February require frequent irrigation and
regular fertillzation., Trrigation in both counties 18 primarily by
overhead sprinkler. The root systems are moistened, but 1little of the
applied water leaks to the water table because of high evapotranspira-
tion. 8Salts from fertilizers tend to accumulate in the soill zone and
are washed dowvnward into the aquifer during the first heavy rains of the
rainy season,
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Infiltration of water is rapid in south Dade County because solu-
tion-riddled limestone is at the surface, TInfiltration is less rapid in
north Dade County and most of Broward County where fine gzand and other
unconsolidated sediments underlie the surface to a depth of zeveral
feet. These sediments tend to filter out and concentrate pollutants at
shallow depths within the saturated zone of the aquifer,

A method of storm—water disposal, used more in Dade County than in
Broward County, is through wells cased to saltwater zones in coastal
parts of the Biscayne agquifer. An undetermined number of these wells
along the coastal zone are receiving runoff from parking lots, shopping
centers, and other paved areas. These wells are usually cased to deep
parts of the aquifer which contain water whose chloride concentration is
greater than 1,500 mg/L. The storm water is untreated. No Information
is available concerning the specific paths of storm-water in the {imme-
diate area in the saltwater zone of the Biscayne aquifer.

FUTURE PROBLEMS O POTABLE SUPPLIES

Future problema affecting the potable water supplies of the Big-
cayne aguifer are related to continued growth of population and in-
dustry. Continued growth will result in increased demands for potable
water and increased gencration of waste water and solid waste. Until
such time that costs of desalination become competitive with costs of
obtaining freshwater from the aquifer, agencies will ¢ontinue to depend
upon the Biscayne aquifer as the prime source. The current and future
policies of the public utilities generally involve unifying or incorpo-
rating the many small individual water-supply and waste-water systems
into larger regional systems for more efficient operation and more
uniform treatment.

Water Avallability and Quality

A prime consideration in providing potable water supplies for
future demands will be =altwater intrusion into the aquifer. The ex-—
isting major municipal well fields will continue operation, although
some may be at reduced pumping rates because of the potential for salt-
water intrusion, Additional supplies for satisfying future demands will
be from well filelds inland from those operating in 1978, greater dis-
tances from the threat of saltwater intrusion,

Future water needs will rely heavily upon the practices, opera-
tiong, and water-use plans of the SFWMD. One recommendation of the
Distriet is to locate new supply wells further from major camals. This
will maximize withdrawal of ground-water from aquifer storage, minimize
reliance on diversion from canals and tend to insure that adequate
quantlties flow through the canals to the coast to retard saltwater
intrusion,
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However, pumping will eventually divert canal water into the
aquifer and to the pumping wells. The gquality of the ground water
withdrawn will then resemble the chemical characteristies of the canal
water, As pumping rates increase, greater reliance will be on inflow
from the canals and the water-congervation areas, The main canals that
transect Broward and north Dade Counties obtain water from the water
congervation areas that is high in organic content. It would he ex-
pected that otrganic-rich water would be diverted toward the wells,
altering the chemical quality of the ground water. The sand and lime-
stone of the aguifer would filter zome of the organic compounds.

Another problem related to reliance on the water conservation areas
and Lake Okeechobee for replenishment during dry seasens is the gradual
degradation of the replenilshing waters. The guality of the interior
waters may become degraded because of backpumping of surplus water from
the agricultural areas south of Lake Okeechobee and because of the
Inferior shallew ground water, southeast of Lake Okecchobee as showm by
Parker and others, (1955, fig. 221). The surplus water backpumped into
Lake Dkeechobee or pumped into the conservation areas contains nutrients
and other chemicals from farming activities. Joyner (1971, p. 86) has
indicated that the early eutrophic condition of Lake Okeechobee was due
in part to backpumping. Because the water in the lake and the conser-
vation areas is chamneled through canals to the southeast to replenish
the Biscayne aquifer during dry seasons, the potential for degrading
ground water is apparent.

One of the water-management schemes proposed by the SFWMD is to
backpump part of the surplus storm water in the urban and suburban areas
of . southeast Florida to the water conservation areas, thus, reducing the
discharge of freshwater to the ocean. The total daily flow to the ocean
of the major canals of the lower east coast ranges from 1,000 fe3/y
(650 Mgal/d) during a dfy year to more than 6,800 f£t3/s (4,400 Mgal/d)
during a wet year (McPherson and others, 1976, p. 535}, The average flow
is 2,550 ft3/s (1,650 Mgal/d) during an average rainfall year. These
discharges are presently (1978) considered necessary by the District to
prevent flooding in developed areasa. The water to be backpumped pro-
bably will contain some toxie substances and mutrients From the urban
and agricultural areas, which in sufficient quantities, could further
degrade the water stored in the conservation areasz. Some of the nutri-
ents would be utilized by the vegetaticon in the conservation areas and
some toxic substances possibly would be adsorbed by the organile so0ils.

During the past decade urbanization has been spreading inland
toward the water conservation areas, into undeveloped land, and land
already devoted to farming. Future growth probably will maintaln that
pattern because the interior land is less costly than land near the
coast., The inland areas arc of low elevation and are subject to peri-
odic flooding. As indicated, the interior parts and the water-—-conser-
vatlion areas are where ground-water flow originates during the dry
geasons. If those areas were to urbanize, such contaminants as might be
asgsociated with urbanization could degrade the ground water.
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OTHER DRINKING WATER SQURCES

A major source of freshwater in =zoutheast Florida is Lake Okee-
chobee (fig. 3). Although the Everglades-Lake Okeechobee basin and the
Biscayne aquifer form a single hydrologic system within the 3FWMD, Lake
Okeechobee can be conmidered a separate source hecause it does not
directly overlie or adjoin the Biscayne aquifer. It is the prime
surface reservolr in, the hydrologic system. It is supplemented by the
three water—-conservation areas to the south. In addition to rainfall,
the lake is fed primarily from the north by the Kissimmee River and hy
pumpage of excess water from the northern part of the Everglades farming
areas.

Water from Lake Okeechobee 1s used for irrigation in the agri-
cultural area south of the lake and eitrus groves east and northeast of
the lake. The lake is the source of water for most of the bordering
towns and farming areas and a few public supplies west and southwest of
the lake, Use of water from the lake would be limited by lake-level
regulations to provide navigatiom.

The Florida Keys Aqueduct Authority is producing small quantities
of potable water from desalination of sea water and ground water from
the Floridan aquifer in the Florida Keys facilities, In southeast
Florida, the Floridan aquifer at depths from BOO ft to 1,500 ft vields
by artesian flow, brackish water whoze chloride concentration is from
lezs than 1,500 mg/l. to about 2,500 mg/L, The brackish to saline water
in the Floridan aquifer vepresents a very large virtually untapped
gsource of water for uses other than those that require freszhwater.

One of the methods of conserving water under consideration by the
5FWMD is to store surplus storm water by injection into the Floridan
aquifer. Results of tests in the Miami area by F. W, Meyer, U,5, Geo-
logical Survey (personal commun,, 1977) showed that several weeks after
injecting freshwater into the Floridan aquifer at a rate of 1 Mgal/d,
more than 50 percent of the injected water was recovered. Further
investigatlon testing {s needed to determine the feaslbility of larpge-—
scale injection and recovery of storm water., GStudies are also needed to
evaluate the renovation and possible zubsequent recovery of treated
sewage effluent injected into the Floridan aquifer,

SUMMARY

The Biscayne aquifer of southeast Florida is the prime source of
drinking water for all municipal water systems south of Palm Beach
County, It is a wedge-shaped body of highly petrmeable limestone and
sand which extends from the land surface to a depth of more than 200 ft
along the coast and thins out 40 mi west under the Everglades. The
aquifer is unconfined and iz recharged primarily by rainfall, Discharge
from the aquifer is by a svatem of canals for flood prevention, by
pumping wells primarily for public supplies and irrigation, by evapo-
transpiration, and by subsurface outflow along the coast, The Biscayne
agquifer is the prime unit of the hydrologic system managed by the SFWMD.
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Ground-water qualirty of the Biscayne aguifer is affected by: (1)
Proximity of areas to the thick organic soils of the Everglades which
impart high color; (2) nature of the composition of the aquifer; (3)
local land-use and introduction of pollutants; (4) frequency, intensity,
and composition of the rainfalli (5) biological processes at land sur—
face and within the aguifer; (6) chemical reactions among dissolved
constituents and between the water and rock; and (7) saltwater intrusion.

Because the aquifer is highly permeable and permits capid infiltration
of rainfall, it is vulnerable to contamination hy substances carried
downward by recharge water. Furthermore, it 1is subject to contamination
from controlled canals because of the good hydraulic connectlon between
canals and the agquifer. 8Siz major sources of contamination are: (1)
Infiltration of runoff from buildings, vards, paved areaz, and agri-
cultural areas; (2) infiltration of septic~tank effluent; (3) sewage
plant soakage ponds; (4) drainage wells; (5)canals and rock pita; and
(6) solid-waste sites.

Water—guality data obtained from a few investigations in septic-—
tank areas and solid-waste areas have found the most objectionable
subhstances from these aources in the upper 20 to 30 £t of the aquifer,
Objectionable substances could be diverted downward in areas of heavy
pumping. Dispersion and adsorption tend to reduce the concentrations of
polluting substances and the seagonal heavy rainfall and canal discharge
contribute toward diluting and flushing the upper zones of the aquifer.
Expansion of urbanization into vemote areas of high water levels, and
the attendant urban runoff could eontribute such contaminants as asso-
elated with urbanization in presently undeveloped lands, and thereby,
affect water quality in downgradient sections of the aquifer.

The peak daily withdrawal from the aquifer for municipal purposes
in 1976 was 500 Mgal/d. Another 165 Mgzal/d was pumped for irrigation of
crops. Most municipal well fields are located within residential or
industrial areas, The quality of the raw water at each field reflects
the many years of pumping, infiltration of urban runoff, contributions
from thousands of septie tanks, agricultural actiyities, and seasonal
rainfall infiltration and canal dralnage,

Other sources of freshwater in southeast Florida are Lake Okee~
chobee and its tributaries. However, water from the lake 1z already
heavily urilized for irrigation and public-water suppliea. Potential
supplemental sources of freshwater are desalination of water from the
Floridan artesian aquifer, and subsurface storage of excess storm water.
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