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GEOHYDROLOGIC RECONNAISSANCE OF DRAINAGE WELLS
IN FLORIDA--AN INTERIM REPORT

By Joel O. Kimrey and Larry D. Fayard

ABSTRACT

Drainage wells include all wells that are used to inject surface
water directly into an aquifer, or shallow ground water directly into a
deeper aquifer, primarily by gravity. By this definition, drainage wells
in Florida may be grouped into two broad types: (1) Surface-water injec-
tion wells, and (2) interaquifer connector wells. Drainage wells of the
first type are further categorized as either Floridan aquifer drainage
wells or Biscayne aquifer drainage wells. Effective use of drainage
wells requires a source of injection water (a losing aquifer or surface
water); prevailing natural downward gradient from the source to the
receiving aquifer; and transmission and storage characteristics of the
receiving zone that will allow emplacement of the volumes of injection
water without head buildup sufficient to decrease severely the downward
gradient. This interim report presents the results of a reconnaissance
investigation of the geohydrologic aspects of Floridan aquifer drainage
wells and interaquifer connector wells.

The most common use of Floridan aquifer drainage wells is to sup-
plement surface drainage for urban areas in the karst terranes of topo-
graphically higher areas of central and north Florida. Drainage wells
are the primary means of urban drainage for the Ocala (35 wells), Live
Oak (46 wells), and Orlando (392 wells) areas. Records are available for
a total of 607 Floridan aquifer drainage wells.

Data are available for 6 wells in the Ocala area, 9 in the Live Oak
area, and 10 in the Orlando area that allow comparison of the quality of
water samples from Floridan aquifer drainage wells with the standards of
the National Interim Primary Drinking Water Regulations and the National
Secondary Drinking Water Regulations. Comparison indicates that maximum
contaminant levels for turbidity, color, and iron, manganese, and lead
concentrations are equaled or exceeded in some drainage-well samples,
and that relatively high counts for coliform bacteria are present in
samples from most of the wells. Floridan aquifer drainage wells are
estimated to recharge an average of 50 million gallons per day in the
Orlando area.



At present (1981) the predominant use of interaquifer connector
wells in Florida is concentrated in the phosphate mining areas of Polk
and Hillsborough Counties. These wells serve the dual purposes of facili-
tating mining operations (by providing drainage) and supplying artificial
recharge to the Floridan aquifer. Records are available for 167 inter-
aquifer connector wells in the mining areas of Polk, Hillsborough, and
Manatee Counties.

Water—quality analytical data are available that allow comparison
between samples from 13 connector wells with standards of the National
Primary and Secondary Drinking Water Regulations. Samples from most of
these wells exceeded standards values for iron concentration and tur-
bidity. Samples from 7 of the 13 wells exceeded standards values for
gross alpha concentrations.

Those data available indicate that injection rates for most single
connector wells range from about 40 to 275 gallons per minute. A summary
of data for March 1980 indicates a total injection rate of about 26
million gallons per day for 142 connector wells throughout the phosphate
mining areas.

INTRODUCTION

The UIC (Underground Injection Control) parts of the SDWA (Safe
Drinking Water Act - Public Law 93-523, as amended by Public Law 95-190)
require the U.S. Environmental Protection Agency to develop and publish
regulations on minimum requirements to prevent underground injections
through wells that may endanger underground sources of drinking water.
Responsibility for development of the UIC regulations is further dele-
gated to those States that have assumed primary enforcement responsibility,
or primacy. The Florida Department of Environmental Regulation is in the
process of assuming responsibilities as the lead agency to administer
primacy for the State of Florida. As part of the preparation for admin-
istering a UIC program, the Department of Environmental Regulation, in
cooperation with the U.S. Geological Survey, is conducting a geohydro-
logic investigation of "drainage wells" throughout the State.

For purposes of this investigation drainage wells are considered to
include all wells that are used to inject surface water directly into an
aquifer, or shallow ground water directly into a deeper aquifer, pri-
marily by gravity. Typically, all such wells in Florida are finished
open-end into limestones or dolomites of the receiving aquifer zone;
those that drain ground water from shallow to deeper zones are screened
in unconsolidated materials of the upper zones. For convenience, all
wells considered as drainage wells under the above definition may be
grouped into two broad types: (1) surface-water injection wells, and (2)
interaquifer connector wells. In this report, drainage wells of the
first type are further categorized as either Floridan aquifer drainage
wells or Biscayne aquifer drainage wells.



The general purpose and scope of this investigation is to conduct a
statewide geohydrologic appraisal of drainage wells, on a reconnaissance
basis, to:

1. Determine areal distribution of drainage wells;

2, Investigate the general character of water that they emplace in the
various aquifers;

3. Investigate the geohydrologic conditions for areas of drainage-well
usage; and

4, Estimate the probable magnitude of present and potential ground-
water pollution problems.

This interim report presents results of investigation, from October 1978
to April 1981, for Floridan aquifer drainage wells and interaquifer
connector wells. Biscayne aquifer drainage wells are discussed only
briefly in the section on distribution, use, and history of drainage
wells.

METHODS OF INVESTIGATION

Initial investigative activities were to compile a computerized
working data base, or well inventory, from all available sources of
information on existing drainage wells. A major source was the per-
mitting records of various State agencies. Beginning in 1937, permits by
the Florida State Board of Health, or delegated local health agencies,
were required for construction of drainage wells. In more recent years,
most of this authority has been assumed by the Florida Department of
Environmental Regulation. For information on nonpermitted wells, a
literature search of both published and unpublished reports was made and
written inquiries were addressed to the local health or pollution control
departments for each county in the State and to other agencies that might
have knowledge of or information on drainage wells, such as the district
offices of the Florida Water Management Districts, the Florida Department
of Transportation, and the U.S. Soil Conservation Service.

Objectives in compiling the working data base were to obtain as
complete data on drainage wells as practical, to include as a minimum:
accurate location by longitude-latitude coordinates; well specifications
(diameter and length of cased and open-hole sections); and the date
drilled and use of well. In general, these data were available from the
various permitting records, though precise locations and present use
were verified in the field for selected wells. Locations for permitted
Floridan aquifer drainage wells in Pinellas and Hillsborough Counties and
Biscayne aquifer drainage wells in Dade County were furnished by the
Florida Department of Environmental Regulation and converted to
longitude-latitude coordinates. A selective field inventory
verified and updated the existing data on location and use of wells;



provided current information on accessibility of wells for geophysical
logging and water-quality sampling; and added data on nonpermitted wells.
Emphasis was given in this selective field inventory to large-diameter
(12-inch or greater) wells in those areas of the State where drainage-
well concentrations are greatest.

Information in the working data base showed a lack of ground-water
quality data for most of the areas affected by drainage wells. Accord-
ingly, large~diameter wells in the various areas were sampled and ana-
lyzed for a list of parameters agreed on by the Geological Survey and the
Department of Environmental Regulation. The parameters analyzed include
the major ions and most of those in the standards established by the
National Interim Primary Drinking Water Regulations and the National
Secondary Drinking Water Regulations (U.S. Environmental Protection
Agency, 1975; 1977). Because of the association of connector wells with
phosphate deposits and mining, selected radiochemical parameters also
were included for samples from interaquifer connector wells. Various
bore-hole geophysical logs and specific capacity data were obtained for
each sampled well. Caliper (borehole diameter) logs were particularly
useful because they tend to show individual caverns, or cavernous zones,
into which injection occurs. Concurrent with above field activities,
observations were made relative to general hydrologic conditions in the
areas drained by drainage wells; the general types of wastewaters cur-
rently being injected; and estimates of the probable total volumes.

GENERAL GEOHYDROLOGY

Ground water is one of the most valuable natural resources in
Florida. Water use data for 1975 (Leach, 1978) indicate that ground
water comprised about 48 percent (3,320 Mgal/d) of the total freshwater
withdrawn for use in the State (6,918 Mgal/d). By freshwater use cate-
gories, ground water supplied about 86 percent (986 Mgal/d) of the total
1,146 Mgal/d withdrawn for public supply; 83 percent (779 Mgal/d) of the
total 940 Mgal/d withdrawn for industrial self-supplied use; 43 percent
(1,239 Mgal/d) of the total 2,868 Mgal/d withdrawn for irrigation; 95
percent (252 Mgal/d) of the 266 Mgal/d for rural domestic and livestock
use; and 4 percent (63 Mgal/d) of the 1,698 Mgal/d of freshwater used for
cooling water in the generation of thermoelectric power. Additionally an
average of about 95 Mgal/d of saline ground water was withdrawn for use
during 1975.

The use of ground water for potable purposes is generally the use
that is most apt to be adversely affected by subsurface injection of
wastewater, whether by drainage wells or other means. Consideration that
about 86 percent of total water use for public supply and 99 percent of
total water use for rural domestic use was obtained from ground-water
sources (during 1975) tends to accentuate the need for better under-
standing of the effects of drainage wells on the geohydrologic regimen of



the areas in which they are used. A brief summary of characteristics and
extent of the principal aquifers in Florida is given below as background
for more detailed geohydrologic discussion of the various areas.

Previous investigators (Hyde, 1965; Pascale, 1975) have discussed
the potable ground-water resources of Florida as occurring in four major
aquifers, or aquifer systems; the Floridan, Biscayne, and sand-and-gravel
aquifers, and a largely undifferentiated complex denoted as the shallow
aquifers. That treatment of aquifer identification and terminology is
used in the present report, with exception that the term "other aquifers"
is used in lieu of "shallow aquifers.'" Figure 1 shows the general geo-
graphic areas of the State in which each of these aquifers, or aquifer
systems, is the principal source of potable ground water.

Floridan Aquifer

The Floridan is part of a regional aquifer system that underlies all
of Florida and parts of Alabama, Georgia, and South Carolina. As defined
by Parker and others (1955, p. 189) the Floridan aquifer includes "* * *
parts Or all of the middle Eocene (Avon Park and Lake City Limestones),
upper Eocene (Ocala Limestone), Oligocene (Suwannee Limestone), and
Miocene (Tampa Limestone), and permeable parts of the Hawthorn Formation
that are in hydrologic contact with the rest of the aquifer." The Floridan
is composed of limestone, dolomitic limestone, and dolomite and ranges in
thickness from about 1,500 feet in north-central Florida (Gilchrist and
Levy Counties) to about 3,000 feet in south Florida (Dade County). The
top of the aquifer is at or near land surface in the western part of
north-central Florida; it plunges to a depth in excess of 1,500 feet in
west Florida (Escambia County) and in excess of 1,100 feet in south
Florida (Miller, 198la; 1981b).

The transmissivity of the Floridan is generally high and has been
enhanced by solution in most areas. Its average yield to properly con-
structed 12-inch wells exceeds 500 gal/min over the majority of the areas
of the State in which the aquifer contains freshwater (Pascale, 1975).
There are also large areas in which average Floridan well yields exceed
1,000 gal/min, and a number of areas (particularly in central and south-
east Florida) where well yields of 5,000 gal/min, or more, are not uncom-
mon. A natural unpumped flow of 12,000 gal/min has been reported for a
well in Putnam County, and one of 9,000 gal/min has been measured for a
well in Lake County. Thus the Floridan is one of the most productive
aquifers in the world, and it is used wherever it contains freshwater
(fig. 1) to the virtual exclusion of other sources for public water

supply.

The Floridan is overlain by varying thicknesses of clastic materials
over most of its areal extent; these include sand, clay, shell, and
various intermixed lithologies. The overlying materials function both to
partially confine the aquifer, and as the media through which the aquifer
is naturally recharged and discharged. In general, the aquifer is



88° 86° 85° °
K. . A e e S B
—[ | nouzs _\ -
‘ S JACKSON
MOUSh |y ok GsiTon | ,__r{-W - rn\"w
ML‘J::\Q ' e |
o—— CALHOUN ¢ LEON (/umson "“"‘m" ! k
( A
- T BAKER
300} —T | SUNAKNEE lcoumm
|ur;} 2 * -
)
ALACHUA | PUTNAN
z
290 |- NARION -
N
\ e A .
—_ sunm‘ [ @Eo\ﬂ - P\
' put
Qo mmw:\—"‘i ORANGE R v
1
el EXPLANATION . : -
\'1 OSCEQLA
D Fioridan aquifer 2 TR 7
. )7 I
Biscayne aquifer x
_ MANATEE HARDEE
s Q
270 |- [m] Sand-and-gravel aquifer 5 I | A
mou DES°'°_, JJ_
. - =\ —
E Other aquifers
26° |-
0O 20 40 60 80 100 MILES
e :
0 20 40 60 80 100 KILOMETERS
25° b~
| 1 i | |

Figure 1.--Sources of potable ground water in Florida.



recharged in the topographically higher interior parts of central and
west Florida (Stewart, 1980) and discharged (by wells, springs, and
diffuse upward leakage) over a large area of south Florida, along the
entire Atlantic coast and much of the Gulf coast, and in the major stream
valleys throughout the remainder of the State. The generalized map of
areas of artesian flow for May 1974 (fig. 2; adapted from Healy, 1975) is
pertinent in that it delineates some large areas of the State where
gravity injection to the Floridan is not feasible. In general, the
Floridan also contains the freshest, or least mineralized, water in or
adjacent to those interior areas where recharge occurs, and more min-
eralized water toward the discharge areas.

Biscayne Aquifer

This aquifer is the principal source of potable water in southeast
Florida (fig. 1); it supplies all municipal water systems in the area
from south Palm Beach County southward, including the system that fur-
nishes the Florida Keys by pipeline from the mainland (Klein and Hull,
1978, p. 3). The Biscayne aquifer consists of geologic formations that
range in age from Pliocene through Pleistocene; these are, from oldest to
youngest, the Tamiami Formation of Pliocene age; the Caloosahatchee Marl
of Pliocene and Pleistocene age; and the Fort Thompson Formation, Key
Largo Limestone, Anastasia Formation, Miami Oolite, and Pamlico Sand of
partly equivalent and of Pleistocene age (Hyde, 1965).

The aquifer is composed of limestone, sandstone, and sand. In south
and west Dade County the limestone and sandstones are predominant. In
north Dade, Broward, and Palm Beach Counties the aquifer is primarily
sand; generally the sand content increases to the east and north. The
various limestone zones in the aquifer contain numerous solution cavities
and caverns that tend to result in generally high vertical and horizontal
permeabilities. The aquifer is more than 200 feet thick in coastal
Broward County and thins to an edge 35 to 40 miles inland in the Everglades
(Klein and Hull, 1978).

The Biscayne aquifer contains ground water under unconfined condi-

- tions. 1Its generally high vertical permeability allows rapid recharge by
infiltration of rainfall. Natural discharge is to the Atlantic Ocean, to
numerous canals, and to direct evapotranspiration from the shallow water

table. Klein and Hull (1978, p. 15) conclude the following in regard to

recharge and discharge of this aquifer:

"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 evaporation, about 20 in. is lost
by evapotranspiration after infiltration, 16 to 18 in. is
discharged by canals and by coastal seepage, and the remain-
der 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."






The Biscayne aquifer generally contains a hard, calcium carbonate
type water. Saltwater intrusion along the coast results in occurrence of
chloride concentrations of 1,000 mg/L, or greater, at the base of the
aquifer (Klein and Hull, 1978, fig. 17). Ground-water quality is also
affected by pollutants that can enter the aquifer by direct infiltration
from land surface or controlled canals, septic-tank and other drain-
fields, solid-waste dumps, and drainage wells (Klein and Hull, 1978).
Parker and others (1955, p. 160) indicate that the Biscayne "* * * is the
most productive of the shallow nonartesian aquifers in the area and is
one of the most permeable in the world." Yields of properly constructed
large-diameter wells in this aquifer exceed 2,000 gal/min over much of
its area of occurrence (Pascale, 1975).

Sand-and-Gravel Aquifer

This aquifer underlies the four westernmost counties in Florida and
is the principal source of potable ground water in Santa Rosa and Escambia
Counties (fig. 1). The Floridan aquifer occurs at progressively greater
depths to the west in this area (Vernon, 1973), and contains highly
mineralized water in parts of the area.

The sand-and-gravel aquifer is composed of sediments ranging in age
from Miocene to Pleistocene. The sediments are predominantly very fine
to very coarse quartz sand, mixed in places with quartz gravel and chert
pebbles. Lenses of gravel and clay occur throughout the aquifer (Hyde,
1965). 1Its thickness, in Florida, ranges from a thin edge along the
Walton-Washington County line to about 400 feet in northeast Santa Rosa
County and about 700 feet in south-central Escambia County; its thickness
along the Gulf coast is generally less than 250 feet (Musgrove and
others, 1961, fig. 4, p. 14). The top of the aquifer is at or near land
surface over its area of occurrence in Florida, and is recharged by
direct rainfall that infiltrates to the water table. The aquifer is
naturally discharged along the Gulf coast, to lakes and incised stream
channels, and by evapotranspiration in some areas. Ground water usually
occurs under unconfined conditions in the sand-and-gravel aquifer, but is
locally confined under artesian pressure in deeper parts of the aquifer
that are overlain by clay beds (Musgrove and others, 1961, p. 17).

Quality of ground water in most areas is generally slightly acidic
and low in dissolved solids, hardness, chloride, and iron concentrations.
Large-diameter screened wells that tap the sand-and-gravel aquifer
generally yield 250 gal/min or more, except along the coast where the
aquifer is usually less than 250 feet thick and contains clay beds that
reduce the transmissivity (Pascale, 1975).

Other Aquifers

Other surficial or near surface water-bearing zones are present over
most of the State; for example, most of the overburden sediments on the
Floridan aquifer contain some unconfined to partially confined permeable



sand or shelly zones that will yield small to moderate quantities of
water to either driven well points or drilled and screened wells.

Locally, also, confined zones of sand and shell are present within the
overburden sediments on the Floridan (Lichtler, 1971). However, because
of their generally low yield, these other aquifers are little used in
those areas of the State where the three major aquifers that are described
above are present and contain freshwater. They are used, by necessity,
for public supplies in an elongated area that extends from the southwest
Gulf coast, easterly to the Atlantic coast and thence northerly to
southeast Duval County (fig. 1).

Their lithologies, thicknesses, and hydrologic characteristics vary
widely in the areas in which they constitute the principal sources of
potable ground water. In south Florida they range in age from Miocene to
Holocene and are comprised of limestones in the upper part of the Hawthorn
Formation; beds of shell and limestone in the Tamiami Formation; shell
beds in the Caloosahatchee Marl; sand and shell zones in the Anastasia
Formation; and sands of the various terrace deposits (Hyde, 1965). They
range in thickness from about 30 feet in Hendry County to about 300 feet
in western and central Palm Beach County. Along the Atlantic coast they
are composed primarily of Pleistocene and Holocene sand and shell deposits,
but extend downward to include Miocene or Pliocene age deposits in some
areas. North of Palm Beach, their thickness ranges from about 20 to 150
feet.

The tops of the various water-bearing zones are generally near land
surface and they, thus, contain water under largely unconfined conditions.
Recharge occurs directly from local rainfall and natural discharge occurs
to nearby bodies of surface water, including the numerous canals in some
areas, and by direct evapotranspiration from the shallow water table.
Water quality in the freshwater parts of these aquifers is generally low
in chloride concentrations; soft to very hard; and commonly high in color
and iron (Hyde, 1965). Wells that tap these aquifers along the Atlantic
coast generally yield less than 250 gal/min because these aquifers consist
of sediments of relatively low permeability, such as fine sand, clay,
shell, and occasional thin layers of dense limestone (Pascale, 1975).
However, in northern Collier and southern Hendry Counties the aquifer is
composed of highly permeable limestone (Klein and others, 1964, p. 44)
and large-diameter wells generally yield at least 2,000 gal/min (Pascale,
1975).

GENERAL DISTRIBUTION, USE, AND HISTORY
OF DRAINAGE WELLS

The types of gravity drainage wells considered by this investigation
may be conveniently typed as (1) surface-water injection wells, and (2)
interaquifer connector wells. Surface-water injection wells are further
categorized by the aquifer into which they inject--that is, as either
Floridan aquifer drainage wells or Biscayne aquifer drainage wells. The

10



general distribution of Floridan aquifer drainage and interaquifer con-
nector wells, by county, is shown by figure 3. The locations of vir-
tually all wyells that are included in the totals of figure 3 were verified
by field inventory during the present, or related, investigations. Each
type is discussed separately below in terms of distribution, use, and
history.

Surface-Water Injection Wells

Floridan Aquifer Drainage Wells

The most common use of these wells is to supplement surface drainage
in the closed-basin karst terranes of the generally topographically
higher areas of central, north-central, and northwest Florida. Their
effective use requires a natural downward gradient from the water table
or body of surface water to the confined or partially confined Floridan
(receiving) aquifer; sufficiently high transmissivity in the receiving
aquifer; and, of course, a surplus of surface water for disposal into the
receiving aquifer. Their construction is relatively simple (diagram of
fig. 4-Ia): The overburden sediments are cased off and the casing is
usually seated in the first competent zone to be penetrated in the top of
the Floridan aquifer; open hole is then drilled into the Floridan until
enough permeable zones (usually cavities) have been penetrated to accept
the quantitites of surface water to be disposed to the well. The common
means of conveying the excess surface waters to these drainage wells is
to construct the well's gravity intake in a lake, storm sewer, storm-
sewer outfall, or collection basin. In most of their areas of use the
natural downward head difference, coupled with high Floridan aquifer
transmissivity, allow such drainage wells to receive relatively large
volumes of water.

The earliest documentable construction and use of Floridan aquifer
drainage wells began in Orlando, in Orange County, in 1904. TUnklesbay
(1944, p. 20-21) gives the following account:

"According to Sellards (1908, p. 62-63 and 1910,

p. 71) and Stringfield (1933, p. 21), the first drainage
well in Orange County was drilled about 1904. In April
of that year, a sinkhole (probably Lake Greenwood), which
had previously carried away surplus surface water through
its connections with underground drainage channels, became
clogged, and a considerable area in southeastern Orlando
was flooded by heavy rains. After several unsuccessful
attempts to reopen the sink, a drainage well was drilled
as an experiment. In August, a two-inch test well was
drilled, and it proved successful enough to warrant the
construction of larger wells. The next year two more
wells, one 8-inch and one 12-inch, were completed and
these drained a large part of the flooded area. These
wells, however, were not sufficient to drain the area

11
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Figure 3.--General distribution of Floridan aquifer drainage wells
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completely, so in the winter of 1906 two more 12-inch
wells were constructed, and by February 1907, a fourth
12-inch well had been completed. By the end of March
1907, the water was almost back to its normal level."

Those wells in southeast Orlando are the earliest known drainage
wells in Florida to have been specifically constructed for disposal of
excess surface water. However, similar wells had previously been con-
structed and utilized for disposal of untreated (raw) domestic sewage in
certain, though unspecified, areas of central Florida. In this regard,
Sellards (1908, p. 64-65) indicates:

"The disposal of sewage through bored wells has
been practiced to a limited extent at a few localities
of inland Florida for many years. The wells in use
receive usually the drainage from private dwellings,
or the combined drainage from two or three dwellings.
Occasionally public buildings, as the court house, city
hall, hospital, and hotels, are connected up with these
wells. With the rapid growth of the inland towns during
the past few years, the number of these private wells
in the towns in which this method is used, have been
very greatly increased.

"The principles and conditions which permit of
disposal of sewage through bored wells are precisely
those already explained in connection with drainage
wells and natural sink-holes. The sewage is conducted
by means of the well either to a cavity or to a porous
stratum and is carried away by the underground water
circulation.

"The depth of the wells intended for sewage is ex-
ceedingly variable, in this respect resembling the water
wells of the same locality. Practically without excep-
tion they reach and enter the artesian water supply.
Extreme range in depth is from 35 to 500 feet. 1In size
the wells may vary from two to twelve inches. A cemented
cesspool is usually provided, which in the more carefully
constructed wells is divided into two divisions. The first
division receives the solids; the second is for liquids
only, and is separated from the first by a screen. The
drainage well leads from the second division, the opening
being guarded by a screen."

The densest concentration of Floridan aquifer drainage wells is in
the Orlando area, where some 400 drainage wells are known in an area of
about 400 square miles. Their history of development and use is also
best documented in this area, as summarized by Kimrey, 1978 (p. 9-10):
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"Following the successful drainage of Lake Greenwood
by drainage wells, they became the commonly accepted solu-
tion to drainage problems in the Orlando area over the next
four decades. Their use became applied to almost all
aspects of land drainage and wastewater disposal, that is,
to lower and control lake levels; to drain wetlands and
highways; to dispose of stormwater and other surplus efflu-
ents such as industrial wastes; and to drain effluent away
from septic tanks. The largest number of drainage wells
during this period (1904-44) was for relief of flooding
problems caused by excessively heavy rains in 1926 and 1928.

"Drainage-well construction was accelerated again dur-
ing the wetter-than-average years of 1948 and 1954. Then
the anomalously wet years of 1959 and 1960 probably resulted
in the highest rate ever of drainage-well construction.
According to Lichtler, and others, (1968, p. 128), the
single most active year for drilling of drainage wells was
1960 when about 35 wells were constructed. The extreme
climatic conditions of 1959 and 1960 resulted in record
high surface and ground-water levels in the Orlando area
during the fall of 1960. And this, in turn, resulted in
an unusual situation related to drainage-well use in that,
at the time they were most pressingly needed, their capacity
to emplace surface waters in the Floridan was reduced by the
high aquifer pressures. Such conditions had previously
occurred during the summer of 1930 (Stringfield, 1933, p. 22),
but not on so large a scale as in 1960. In fact, some drain-
age wells actually flowed at land surface during the fall of
1960, and had to be equipped with pressure injection pumps
to allow their use as disposal wells until the potentiometric
surface of the Floridan again declined to below land surface."

"Again, 1964 was an excessively wet year and the avail-
able records indicate that drainage-well construction was
intensified as a result. Following this, few have been
constructed to present (1977), at least as a matter of pub-
lic record."

"The present (1977) use of drainage wells is pre-
dominantly that of regulation of lake stages and disposal
of storm sewage. The increasingly stringent environmental
regulations of recent years have resulted in cessation or
great reduction of disposal of the more noxious effluents
such as sanitary sewage and industrial wastes, that were
previously emplaced in the Floridan aquifer by drainage
wells. However, the continued disposal of storm runoff
and lake waters, through a general improvement in quality
over past years, continued to pose quandaries and potential
problems: the volumes and general quality of such disposed
waters are not well known, and this method of wastewater
disposal is by far the most economic means of surface
drainage for the area."
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The above chronology of drainage-well use for the Orlando area is
believed also to be generally typical of their history in other areas
where large use is made of Floridan aquifer drainage wells. That is,
their original uses may have been for disposal of domestic sewage in
certain local areas; then, as urbanization of the karst terranes
increased, they began to be used for disposal of storm runoff, to regu-
late lake stages, to drain agricultural lands and highways, and to dis-
pose of industrial wastewater. But, with the advent of modern sewage-
treatment methods and increasingly stringent environmental regulations,
their present (1981) use is predominantly that of regulation of lake
stages and disposal of stormwater. Beyond this speculation, however,
it is difficult to specify more precisely their chronology for other
areas; it was not necessary to obtain a permit of any kind to install
drainage wells prior to 1937, and few records of their construction
and use prior to that time are thus available.

Two other urban areas that are drained almost entirely by drain-
age wells are the cities of Ocala and Live Oak (fig. 3). Records are
available for 35 drainage wells, in or adjacent to the city of Ocala,
which receive most of the surface drainage from the area. The Floridan
aquifer crops out in part of the area, so some runoff disposal is also
directly to natural (in some cases, improved) sinkholes that are open
to the top of the aquifer.

For Live Oak, records of 46 wells are available that provide
disposal of storm runoff for the urban area. The best available
historical documentation of disposal of sanitary sewage to Floridan
drainage wells is for the city of Live Oak area. According to Telfair,
1948 (p. 1):

"On June 8, 1948, samples from the 400-foot well exam—
ined in the central laboratory of the State Board of Health
were found to contain large numbers of the coliform group of
bacteria which are always found in the bowels of men and
higher animals. An emergency increase of chlorination was
required, and the investigation by the Bureau of Engineering
which ensued is described hereinafter."

The "400-foot well" was one of two public-supply wells in use, at
that time, by the city of Live Oak. Sanitary sewage from the area was
disposed of, as follows (Telfair, 1948, p. 2):

"In one sinkhole basin, at Brown and Fifth Streets, the
sanitary sewers of Live Oak converge to an old septic tank
which has completely degenerated from consistent neglect.
Its effluent is discharged to four drainage wells, thereby
dumping the combined excreta of the city into the same lime-
stone formations from which the common water supply is
derived. The daily flow varies from about 1/4 million
gallons to a probable wet weather maximum of about 4 million
gallons. There are at least 3 private sewage disposal wells
known to exist."
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In the subsequent investigation sodium chloride was used as a
ground-water tracer and Telfair (1948, p. 10) concluded, "First, that
the drinking water supply of Live Oak is persistently and heavily
polluted with bacteria and protozoa originating in the bowels of warm-
blooded animals; second, that there is a direct connection between
drainage well 9 and the public water well and that there is reason to
suspect such a cross—connection may occur with sewage well 30 at times
of heavy sewage flow; * * *." Available records indicate that wells 9
and 30 and the supply well were all open to the upper 200 to 300 feet of
the Floridan aquifer. Well 9 appears to have been about 600 feet from,
and well 30 about 2,400 feet from the supply well. Telfair's report of
investigation indicates that there were about 9 "sewage wells" and 24
"drainage wells'" in use during this period (1948). The disposal of
sanitary sewage to Floridan aquifer drainage wells has, of course, since
been discontinued; at present, the 46 known drainage wells in Live Oak
are used only for disposal of storm runoff.

Records are presently available for a total of 607 Floridan aquifer
drainage wells that are distributed throughout central and north-central
Florida. Their distribution, by county, is shown in figure 3.

Biscayne Aquifer Drainage Wells

These wells are used to dispose of storm runoff and other waste-
waters in southeast Florida; the heaviest concentrations are in Dade and
Broward Counties. There the Floridan aquifer is deeply buried, and can-
not be used practically for gravity injection because its potentiometric
surface is above the land surface (fig. 2). The Biscayne aquifer crops
out, or is near land surface, in most of this area. This unconfined and
highly transmissive aquifer is thus utilized for gravity disposal of
excess surface waters in southeast Florida. Typical drainage-well con-
struction in the Biscayne aquifer is shown in the diagram of figure 4-Ib.

The use of Biscayne aquifer drainage wells probably began in the
1920's or early 1930's. They were apparently a commonly used method of
drainage by the time that State Board of Health permitting of drainage
wells began in 1937, and their use increased along with urbanization of the
coastal areas of southeast Florida. Records are presently available for
more than 4,000 Biscayne aquifer drainage wells, most of which are in Dade
and Broward Counties. The wells are generally cased to inject into aquifer
zones where residual chloride concentrations are greater than 1,500 mg/L,

a practice intended to minimize any effects that injection of wastewater
might have on potable zones of the aquifer.
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