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ABBREVIATIONS AND CONVERSION FACTORS

Factors for converting inch-pound units to International System
(SI) units and abbreviation of units are listed below:

Multiply By To obtain
Length
inch (in.) 25.40 millimeter (mm)
2.540 centimeter (cm)
0.0254 meter (m)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
. .2 2
square mile (mi”) 2.590 square kilometer (km™)
Volume
gallon (gal) 3.785 liter (L)
million gallons (Mgal) 3785 cubic meter (m™)
Flow
gallon per minute (gal/min) 0.06309 liter per second (L/s)
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m”/s)
gallon per minute per foot 0.01923 liter per second per
[ (gal/min)/ft] meter [(L/s)/m]
Transmissivity
foot squared per day (ftzld) 0.09290 meter squared per day (mz/d)

Equations for temperature conversion between degrees Celsius (°C) and degrees
Fahrenheit (°F):

°C
°F

5/9 (°F-32)
(9/5°C) + 32

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum
derived from a general adjustment of the first-order level nets of the United
States and Canada, formerly called mean sea level. NGVD of 1929 is referred
to as sea level in this report.
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EFFECTS OF RECHARGE FROM DRAINAGE WELLS ON QUALITY OF WATER IN THE
FLORIDAN AQUIFER IN THE ORLANDO ARFA, CENTRAL FLORIDA

By George R. Schiner and Edward R. German

ABSTRACT

The Floridan aquifer is used almost exclusively as the source of
water supply in central Florida. Approximately 400 drainage wells in
the Orlando area inject, by gravity, large quantities of storm runoff
that may or may not be suitable for most purposes without treatment.

This storm runoff is injected into the same freshwater zones of the
Floridan tapped for public supply. Some wastewater is also injected.
Regulatory and water-management agencies are concerned that the input
from drainage wells could adversely affect the Floridan water quality.

As many as half a million residents and 6.5 million annual tourists in
the Orlando area could be affected by any deterioration of water quality.

Water injected by drainage wells is an important source of recharge
to the Floridan aquifer. The wells bypass confining beds and probably
allow more recharge to the Floridan than would occur under natural
conditions. This recharge compensates for heavy withdrawals from the
Floridan and helps maintain aquifer pressures that retard upward salt-
water encroachment. At least 90 percent of the drainage wells inject
into the upper producing zone (100- to 600-foot depth) of the Floridan.
The median depth of 314 drainage wells is about 400 feet--the range is
120 to 1,049 feet. The wells are used mostly to control lake levels and
to dispose of urban storm runoff. About 50 percent of the drainage
wells are used to dispose of street and other impervious-area runoff,
about 35 percent to regulate lake levels, and about 15 percent to dispose
of cooling, air-conditioning, and other miscellaneous wastewaters.

Water injected by drainage wells moves downgradient towards supply
wells. The distance between a drainage and a supply well may be as
small as several hundred feet. In addition, head difference allows
water from drainage wells in the upper producing zone to move into the
lower producing zone (1,100- to 1,500-foot depth) which is used for
public-water supply. About 65 percent of all water pumped from the
Floridan is from the lower producing zone.

Water samples from the Floridan aquifer were analyzed for selected
major constituents, chemical and physical properties, nutrients, metals,
and organic compounds to determine if water quality is affected by
recharge through drainage wells. Sixty-five supply wells and 21 drainage
wells mostly within a 16-mile radius of Orlando, were sampled between
September 1977 to June 1979.



Most constituent concentrations were slightly higher in water from
drainage wells than in water from supply wells; this indicates at least
a localized effect on aquifer water quality due to drainage-well recharge.
The most notable differences between the waters from the two types of
wells were bacteria count and total nitrogen concentration. For drainage
wells, median values for total nitrogen and bacteria count were 1.0
milligram per liter and 39 colonies per 100 milliliters, respectively;
for supply wells, median values were 0.27 milligram per liter and O
colonies per 100 milliliters. However, with the exception of bacteria,
water from drainage wells would on the average, without treatment, meet
the maximum contaminant standards established by the U.S. Environmental
Protection Agency in 1975 and 1977 in the National Interim Primary and
Proposed Secondary Drinking Water Regulations, and by the Rules of the
Department of Environmental Regulation in the Florida Administrative
Code of 1978.

The areal pattern of water-quality variations did not relate
statistically to number of drainage wells in the vicinity of sampled
supply wells. However, the high bacteria count in some drainage wells
indicates a potential for contamination of supply wells by drainage-well
recharge if a supply well and a drainage well are hydraulically connected.

INTRODUCTION

Background

The study area covers about 1,200 mi2 in the city of Orlando and
adjacent areas, but most drainage wells are found in a 300 mi2 area
(fig. 1). The study area includes western Orange County and southwestern
Seminole County, between latitudes 28°22' and 28°48' north and longitudes
81°03' and 81°38' west.

Much of the topography of the Orlando area is characterized by
numerous closed depressions, lakes (fig. 1), and a few natural streams.
The area is poorly drained and under natural conditions lowland areas
retain runoff water and lake levels rise after heavy rains. Periodic
local flooding from rainstorms was a common but acceptable occurrence in
the Orlando area as long as the pressures of land development were
small. However, the tendency to develop on flood-prone areas increased
and large amounts of wastewaters were generated as the Orlando area
expanded and became more urbanized. Flooding and disposal of wastewaters
thus became a problem. In the early 1900's it was found that drainage
wells were a relatively inexpensive and efficient means of augmenting
surface drainage. In addition they could be used for disposing of
various types of wastewaters. By 1965 hundreds of wells had been installed.
Their present (1981) use is mostly to prevent flooding by controlling
lake levels and to dispose of storm runoff from urbanized areas. Most
of the wells are owned and serviced by Orange County and the City of
Orlando.






Drainage wells inject surface water, by gravity, into the Floridan
aquifer. This aquifer is the source of nearly all water supplies in
central Florida. The Floridan readily accepts large quantities of storm
runoff and some wastewater from drainage wells into the same water-
bearing zones tapped by wells for rural, irrigation, and public supply.
The water may or may not be suitable for most purposes without treatment.
Drainage wells are in widespread use and many are within several hundred
feet of public-supply wells. The drainage wells, therefore, pose a
potential threat to the water quality of the Floridan aquifer and could
cause serious health and economic problems. As many as half a million
residents of the Orlando area and 6.5 million annual tourists could be
affected by deterioration of water quality in the Floridan aquifer.

Purpose and Content

Although drainage wells pose a threat to water quality in the
Floridan aquifer, little is known of the effects of drainage-well injections
on the quality of water of the Floridan aquifer in the Orlando area.
This report is the first of a two-part study suggested by Kimrey (1978,
pP. 21-25) to provide that information. The purpose of this report is
to: (1) describe the general quality of ground water found in the
injection zones (permeable strata that accept water) of drainage wells;
(2) assess the impact of drainage wells on the water quality of supply
wells, particularly public-supply; and (3) establish a data base necessary
for future studies.

Interpretations in this report should have transfer value to other
parts of Florida and other states where drainage wells are used to
dispose of storm and wastewater by injection into carbonate aquifers.

Water from 21 drainage wells, 67 public-supply wells, and 4 obser-
vation wells was sampled and analyzed for an extensive number of consti-
tuents. Tables showing these analyses are accompanied by maps showing
well locations. The water quality of drainage wells and supply wells is
compared statistically. Tables present selected data on the physical
and hydraulic characteristics of sampled drainage wells.

The study was made by the U.S. Geological Survey in cooperation
with the Florida Department of Environmental Regulation.

Previous Studies

Only generalized information on drainage wells in the Orlando area
is available from previous reports. The possibility of aquifer pollution
by drainage wells was first recognized in reports by Sellards (1908) and
Sellards and Gunter (1910). 1In 1933, Stringfield also reported on the
pollution aspects of drainage wells in general terms. Reports by Unklesbay
(1944), Telfair (1948), Parker and others (1955), Lichtler and others



(1968), Lichtler (1972), and Kimrey (1978), contain some quantitative
and qualitative data on the quality of water and hydraulics of drainage
wells. The geology and hydrology of the study area is described compre-
hensively in a report on the hydrology of Orange County by Lichtler and
others (1968). The most comprehensive report is by Kimrey (1978), who
traced the history of drainage wells in the Orlando area and suggested
the general geohydrologic and environmental implications of using drain-
age wells.

Other sources of information on drainage wells are the annual data
reports and computer files of the Geological Survey which contain long-
term records of water levels and surface- and ground-water quality.
Potentiometric-surface maps that cover large regions or counties have
been released periodically since the 1930's. In addition, the Orange
County Pollution Control Board, the City of Orlando, and the Florida
Department of Environmental Regulation have reports and file data on
water quality. The East-Central Florida Regional Planning Council has
financed several reports by private consulting firms containing some
information pertinent to drainage wells.

Well Numbering Systems

Two numbering systems are used to identify wells in this report. A
1-digit or 2-digit well number is used to identify wells and test holes
in illustrations, text, and tables. A 15-digit number is used to identify
wells in the U.S. Geological Survey data storage and retrieval systems.

" The ground-water site identification (GWSI) system of the U.S.
Geological Survey is used to store data on wells (ground-water stations).
The system provides a unique number for each station. The number consists
of 15 digits, formed from the latitude and longitude of the station
location. The first 6 digits denote the degrees, minutes, and seconds
of latitude; the next 7 digits denote degrees, minutes, and seconds of
longitude; and the last 2 digits denote a sequential number for a station
within a 1-second grid. Once assigned, a site identification number
does not change even though the latitude and longitude may be revised
later. The site identification number is used to identify a hydrologic
station, and the data are stored in the National Water Data Storage and
Retrieval (WATSTORE) System of the Geological Survey.
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GEOLOGY

The Orlando area is underlain mostly by marine sedimentary rocks
consisting of limestone, dolomite, shale, sand, and evaporite deposits
that range in age from Eocene to Cretaceous. These sedimentary rocks are
about 6,500 feet thick, and rest on a basement complex of crystalline
rock. Unconsolidated post-Eocene deposits (mostly sand, sandy clay, and
shell material) that average about 150 feet in thickness overlie the
Eocene carbonate rocks that compose the Floridan aquifer. Only about the
upper 1,500 to 2,000 feet of sediments contains freshwater. Descriptions
and water-bearing properties of the geologic formations penetrated by wells
in the Orlando area are given in table 1. An interpretation of the
geology indicated by the gamma-ray log of the Lake Davis drainage well
(see table 1) is shown in figure 2.

DESCRIPTION OF THE FLORIDAN AQUIFER

Geology and Water Occurrence

The Floridan is the most productive aquifer in central Florida.
Presently (1981), in the Orlando area, all public supplies and most water
used for domestic, industrial, and irrigation purposes are withdrawn
from the Floridan aquifer. As defined by Parker and others (1955, p. 189),
the Floridan in the report area includes parts or all of the middle Eocene
(Avon Park and Lake City Limestones), upper Eocene (Ocala Limestone),
and permeable parts of the Hawthorn Formation that are in hydrologic
contact with the rest of the aquifer (table 1). The Floridan is about
2,000 feet thick (Lichtler and others, 1968, p. 91) and consists mostly
of interbedded limestone, dolomitic limestone, and dolomite. The top
of the Floridan ranges from less than 10 to about 300 feet below land
surface.

The aquifer contains two highly transmissive cavernous zones of
varying extent and vertical thickness separated by a relatively impermeable
zone with few cavities. The upper producing zone extends from about 100
to 600 feet below land surface. The lower producing zone extends from
about 1,100 to 1,500 feet or more below land surface. The cavities or
caverns may occur throughout the several hundred-foot-thick intervals
that comprise each zone, or may be concentrated at only a few locations
within the zone. Caliper logs showing borehole diameter indicate that
cavities are as much as 10 to 25 feet in depth. The occurrence of
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Figure 2.--Caliper and gamma-ray logs of the Lake Davis drainage well.



cavities in the upper producing zone is illustrated by the caliper log
shown in figure 2 at depths of about 125 feet and 400 feet. The zone
separating the two major producing zones (between 600 to 1,100 feet
below the land surface) is generally a low yielding part of the aquifer;
few wells are completed in that zone in the Orlando area.

Movement, Recharge, Discharge, and Yield

Ground-water storage and movement in the Floridan aquifer is complex
and is related primarily to the interconnection and extent of intergranular
openings, cavities, and solution channels. The producing zones, containing
interconnected horizontal and vertical solution channels, are probably
the major conduits for ground-water movement in the aquifer. Little is
known about the distance that connected channels extend, but the range
may be tens of feet to several miles. Aquifer tests indicate that
interconnected openings may follow circuitous paths.

Head relations indicate a natural downward hydraulic gradient from
the upper producing zone, through semiconfining beds, and into the lower
producing zone (Lichtler and others, 1968, p. 95-99)--indicating that
the upper producing zone may be recharging the lower producing zone in
the Orlando area. The regional direction of ground-water flow in the
upper producing zone is indicated by the potentiometric-surface map
shown in figure 3. The flow, normal to the potentiometric contours, is
generally northeast.

Natural recharge to the Floridan is almost entirely from rainfall
that percolates through semiconfining beds in western Orange County and
adjacent areas of Lake and Polk Counties. A large quantity of recharge
is contributed locally by drainage wells. Some inflow to the Floridan
in Orange County is by underground flow from southern Lake County and
northern Osceola County.

Discharge from the Floridan aquifer is by: (1) subsurface outflow
into northern Lake County, southern Seminole County, and western Brevard
County; (2) upward leakage where the Floridan potentiometric surface
stands higher than the water table; (3) pumpage from wells; and (4)
spring discharge.

Fluctuations of the Floridan potentiometric surface occur in
response to changes in rates of recharge and discharge both natural and
artificial., Most natural fluctuations are the result of variations in
rainfall. Artificial recharge from drainage wells can cause local highs
on the potentiometric surface and pumping can cause local depressions.
The potentiometric surface has fluctuated within a range of 25 feet in
the study area since the early 1930's with little or no downward trend
during periods of average rainfall.

Yields of wells in the Floridan aquifer may range considerably, but
overall yields are high. The average transmissivity of the Floridan is
reported to be about 2 million ftz/d, but the lower producing zone may
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Table 2.--Summary of data on depths of drainage wells
and public-supply wells

Number Range of Percent of wells in which
Well type of depth indicated depth is exceeded

wells (feet) 90 75 50 25 10
Drainage 314 120- 1,049 196 334 424 484 600
Public supply -1/186 94~ 1,500 200 324 420 558 1,300

1/

=" Includes four non-public supply wells used to expand the statistical
base for quality of water interpetations.



be as much as eight times more transmissive (4 million ft2/d) than the
upper producing zome (500,000 ft“/d) (Lichtler and others, 1968, p. 138).
Public supply wells that tap the lower zone are reported to generally
yield 3,000 to 5,000 gal/min with 10 to 25 feet of drawdown (Lichtler
and others, 1968, p. 95). Lichtler and others (1968, p. 95) report that
yields of 4,000 gal/min or more can be obtained from wells that tap the
upper producing zone. Most domestic wells and small public-supply wells
tap the upper producing zone. Table 2 shows that about 75 percent of 182
public-supply wells are finished in the upper producing zone (100- to
600-foot depth). The larger water users, however, (such as the cities

of Orlando and Winter Park) prefer to tap the lower producing zone.

About 65 percent of all water pumped from the Floridan for all uses is
from the lower producing zone.

DESCRIPTION OF DRAINAGE WELLS
General

Records of 392 drainage wells in the Orlando area are stored in the
Geological Survey computer files. (See fig. 4 for locations.) The
records represent most but not necessarily all the wells drilled since
the first well was drilled in 1904. Many of the wells that were drilled
are probably still in service (1981). Drainage wells mostly operate
during the wet season (June through September), but some wells receive
water constantly while others have not received water for a decade or
longer. Most wells that dispose of street and impervious area runoff
receive water from every rainfall. About 50 percent of the drainage
wells are used to dispose of street and other impervious area runoff
(usually in urbanized areas), 35 percent to regulate lake levels, and 15
percent to dispose of cooling, air-conditioning, and other miscellaneous
wastewaters.

Records indicate that drainage wells have a wide range of completion
depths—-the median depth of drainage wells is about 400 feet (table 2).
Reported depths of wells are often more than measured depths because the
waters that enter a drainage well commonly carry debris which collects
at the bottom of the well bore and may eventually f£ill the well. (See
table 3.) Some wells are reported to have been completely filled by
debris and sand. Many wells must be cleaned out periodically to maintain
their effectiveness.

Well casings generally extend only to the first hard limestone
formation penetrated, usually less than about 200 feet in depth. There-
fore, the bottom part of a drainage well (commonly about 200 feet) is
frequently "open-hole" or uncased. Casing diameters range from 4 to 26
inches. Sixty-three percent of the drainage wells that have casing
records (376 wells) are 12 inches or larger in diameter. Forty-three
percent are 12 inches in diameter. Casings are usually made of steel or
black iron.
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‘Hydraulic Characteristics

Drainage wells have the same hydraulic characteristics as supply
wells, except that they inject water by gravity into an aquifer rather
than withdraw water by pumping. Acceptance rates (volume of water an
aquifer can receive per unit time, usually in gallons per minute) of
drainage wells are related to the transmissivity and storage coefficient
of the receiving aquifer, the head imposed by the water in the drainage
well on the aquifer, and by the pipe hydraulics of the well. Little
quantitative data are available on acceptance rates, but the range is
reported as a few hundred to several thousand gallons per minute (Kimrey,
1978, p. 13). Stringfield (1933, p. 22) reported an acceptance rate of
9,500 gal/min for a well in west Orlando. The Lake Adair drainage well
(table 3) was observed accepting an estimated 3,400 gal/min on July 17,
1979. Prior rainfall from July 6-17 was about 6 inches.

Data suggest that the high transmissivities of the Floridan aquifer
will allow as much water to be accepted by gravity injection as the pipe
hydraulics of a well will allow. Using the general orifice formula
(Brater, 1962, sec. 4, p. 34-35) that discharge is a function of orifice
area and the square root of the head differential (or loss), table 4 was
developed showing approximate theoretical maximum acceptance rates, in
gallons per minute, for wells of various diameters and heads. Actual
acceptance rates may differ considerably from the theoretical rates shown
because of the many qualifying conditions that may exist at individual
wells. But the few field data available suggest a similar observed and
theoretical acceptance rate for wells of the same diameter. For example,
the estimated inflow of 3,400 gal/min into the Lake Adair drainage well
(18-inch diameter) based on field measurements, roughly agreed with the
theoretical acceptance rate of 3,300 gal/min for an 18-inch diameter
well. A head of 0.75 feet above the orifice is consistent with the
field observations.

Drainage wells are an important source of recharge to the Floridan
aquifer. The wells hydraulically bypass confining beds and probably
allow more recharge to the Floridan than would occur under natural
conditions. This additional recharge probably compensates for some of
the heavy withdrawals from the Floridan aguifer and helps maintain
aquifer pressures that retard upward saltwater encroachment (Kimrey,
1978, p. 21). Kimrey (1978, p. 15) reports that the estimated recharge
(50 Mgal/d) by drainage wells was approximately equal to ground-water
withdrawals in the Orlando area, because no appreciable cone of depression
has formed due to the withdrawals. The balance of recharge and discharge
probably still (1981) exists for the most part though withdrawals have
increased. Tt is possible that much of the estimated 1980 withdrawal
rate of about 85 Mgal/d in the report area is balanced by recharge from
drainage wells. Lichtler and others (1968, p. 113) estimated that
recharge was about 210 Mgal/d in Orange County. Therefore, about 40
percent of the total recharge in the county may be from drainage wells.
The recharge-discharge relation could become severely unbalanced during
a period of drought.
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Table 4.--Maximum theoretical acceptance rates of wells

Acceptance Rate (gal/min)

Diameter Head (feet)

(inches) 0.10 0.25 0.50 0.75 1.0 1.5 2.0
6 140 210 300 370 420 520 600
8 240 390 540 660 760 940 1,100
10 370 590 830 1,000 1,200 1,400 1,700
12 540 850 1,200 1,500 1,700 2,100 2,400
14 740 1,200 1,600 2,000 2,300 2,900 3,300
16 950 1,500 2,100 2,600 3,000 3,700 4,300
18 1,200 1,900 2,700 3,300 3,800 4,700 5,400
20 1,500 2,300 3,300 4,000 4,700 5,700 6,600
24 2,200 3,400 4,800 5,900 6,800 8,300 9,600
26 2,500 4,000 5,700 7,000 8,000 9,800 11,300
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At least 90 percent of the drainage wells inject water into the
upper producing zone (table 2). Fluid-velocity logs run during aquifer
tests indicate that considerable water injected by drainage wells probably
enters the first cavernous zone penetrated by the well below the bottom
of the casing (usually about 10 to 50 feet below the casing) though
additional cavities occur at greater depths. (See table 3 and figure 2.)

WATER QUALITY OF DRAINAGE WELLS AND SUPPLY WELLS

Scope of Data Collection

Samples of water from the Floridan aquifer in the Orlando area were
analyzed for a wide variety of chemical constituents and physical proper-
ties. Drainage and supply wells were selected for sampling to provide
areal coverage in the study area and to test proximity relations between
wells. Some supply wells were sampled because they were relatively close
(within several thousand feet) to one or a cluster of drainage wells that
were hydraulically upgradient. Also, drainage wells that had not received
water for several years or more were sampled to obtain data on possible
residual effects of injections. The accessibility of wells for geophysical
logging and for pumping was an important selection criteria.

Nearly all the water-quality data were obtained since September
1977, when a reconnaissance of public supply-water quality was made to
provide background water-quality data for the drainage-well study.
Analyses from a continuing program of water quality sampling of public
supplies were also used. Data from four observation wells in the upper
producing zone sampled during other investigations are included in
statistical summaries of supply wells. Ninety-two Floridan aquifer
wells (86 in the study area) were sampled for water quality. Their
locations are listed in tables 5 and 11 and most are shown in figure 5.
Selected physical information on the wells are given in tables 5 and 11
and selected data oo quality of water for these are listed in the supple-
mentary data section of this report.

Sampling Methods

Water-quality sampling techniques should be used that provide data
representative of aquifer water. An important consideration in sampling
wells is to insure that only native aquifer water is sampled. For this
reason, drainage wells were pumped for at least 2 hours at rates between
170 and 450 gal/min prior to sampling to evacuate all water in the casing
and to clear the well of sediment. Supply wells were equipped with pumps
that ran at least 2 hours prior to sampling. During the 2-hour pumping
period, the specific conductance of the discharge water stabilized to a
constant value. It was sometimes necessary to dam surface inflow to a
well prior to pumping. In five wells inflows ranging from less than
1 to 10 gal/min continued during the pumping period. (Inflow rates and
well identifications are given in table 3.) The procedure used to sample
drainage wells was:
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TABLE 5.~—-SELECTED INFORMATION ON SAMPLED WELLS

DEPTH DEPTH  CASING

MAP STATION LAT-  LONG- oF oF DIAM- NAME OF OWNER
NO. NO. ITUDE ITUDE WELL  CASING ETER
(FT}  (FD) (IN)

i 282331081370801 282331 0813708 166 68 L) U S GEOLOGICAL SURVEY
2 282529081343001 282529 0813430 700 181 24 REEDY CREEK IMPROVEMENT DISTRICT
3 282530081094001 282530 0810940 400 252 12 CITY OF COCOA

4 282534081220601 282534 0812206 435 202 12 ORANGE COUNTY

5 282352081345301 282552 0813433 - - - REEDY CREEK IMPROVEMENT DISTRICT
1 282558081215401 282558 (0812154 4§72 455 g TAFT WATER ASSOCIATION
7 282635081300801 282636 0813008 364 116 12 MINUTE MAID CO

8 282647081354801 282647 08134648 135 90 4 U S GEOLOGICAL SURVEY
9 282654081265701 282654 0812657 409 227 28 ORLANDO UTILITIES COMM
10 282705081204601 282705 0812046 404 198 8 SOUTHERN STATES UTILITIES
11 282732081293001 282732 0812930 420 201 20 DR PHILLIPS INC

12 282738031341401 282738 0813414 178 103 4 U S GEOLOGICAL SURVEY
12 282753081232501 282753 (0812325 143 9% 12 CRANGE COUNTY

14 282835081305201  28283% 0813026 235 161 4 U S GEOLOGICAL SURVEY
15 282912081181501 282912 0811815 427 149 12 ORANGE COUNTY

16 283001081185301 283001 0811833 345 149 12 ORANGE COUNTY

17 283002081234701 283002 0812347 I3 110 18 ORANGE COUNTY

18 283006081273701 2683006 0812737 134 1045 18 ORLANDO UTILITIES COMM
19 283013081203401 283013 0812034 340 148 8 ORANGE COUNTY

20 283051081195101 283051 0811951 1338 1060 16 ORLANDO UTILITIES COMM
21 283054081042601 263054 (810426 365 254 b ECON UTILITIES CORP
22 283054081295901 2832054 0812959 458 206 8 FLORIDA TURNPIKE COMM
Y& 283103081221101 283103 0812211 1215 1058 3t ORLANDO UTILITIES COMM
24 283111081224201 283111 0812242 1330 135 30 ORLANDO UTILITIES COMM
Y] 283121081202901 283121 0812029 240 --= b ORANGE COUNTY

26 283121081311601 283121 0813116 498 344 12 ORANGE COUNTY

7 283135081155201 283135 0811552 1300 1000 20 ORANGE COUNTY

28 283135081234301 283135 0812321 1232 1170 10 LAYNE-ATLANTIC

Vsl 283144081254201 283144 0812542 400 137 16 ORANGE COUNTY

30 283154081220701 263154 0812207 &48 77 12 CITY OF ORLANDO

31 283157081180401 283154 0811849 465 128 18 CITY OF ORLANDO

R 283202081172501 283202 0811725 1250 1100 10 ORANGE COUNTY

33 283211081241001 283211 0812410 150 76 12 CITY OF ORLANDO

34 283225081205101 283225 0812051 1247 1063 26 ORLANDO UTILITIES COMM
3B 263228081204201 283228 0812082 1240 1033 30 ORLANDO UTILITIES COMM
3 283321081231801 283321 (812318 471 268 20 CITY OF ORLANDO

K1) 283326081262101 283326 0812621 109 84 18 CITY OF ORLANDO

38 283327081223201 283327 0812232 1445 943 28 ORLANDO UTILITIES ComM
¥ 283331081255701 283331 0812557 S5 447 10 SOUTHERN STATES UTILITIES
40 283333081233502 283333 0812335 400 105 4 U S GEOLOGICAL SURVEY
£} 283337081232301 283337 0812323 228 142 18 CITY OF ORLANDO

42 283348081351201 283348 0813512 770 225 16 CITY OF WINTER GARDEN
3 283350081154301 283350 0811543 370 196 b ORANGE COUNTY

L1} 283353081222401 283353 (812224 1445 945 2 ORLANDO UTILITIES COMM
45 283357081272201 283357 0812722 14l4 1000 16 ORLANDO UTILITIES COMM
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TABLE S5.-~GELECTED INFORMATION ON SAMPLED WELLS--CONTINUED

DEPTH DEPTH  CASING

MAP STATION LAT-  LONG- OF oF DIAM- NAME OF OWNER

NO. NO. ITUDE ITUDE  WELL  CASING ETER

(FM  (FT) (IN)

4 283408081184801 283408 0811848 475 225 10 SOUTHERN STATES UTILITIES
47 283412081163401 2838412 (0811634 292 210 b ORANGE COUNTY

48 283416081295901 283416 0812959 454 194 16 ORANGE COUNTY

49 283449081335601 283449 0813336 147 94 8 ORANGE COUNTY

50 283530081214201 283530 0812153 372 170 12 CITY OF WINTER PARK

3 283548081181401 283548 0811814 1354 700 20 GENERAL WATERWORKS CORP
32 283355081115201 283355 0811152 400 134 12 UNIVERSITY OF CENTRAL FLORIDA
3 283607081211301 283407 0812113 431 81 12 GENERAL WATERWORKS CORP
A 283608081211601 283608 0212116 460 2" 16 GENERAL WATERWORKS CORP
5 283623081230501 283623 0812305 1275 1163 16 GENERAL WATERWORKS CORP
5 283654081260801 283654 (0812608 365 250 18 ORANGE COUNTY

57 283635081283401 283655 0812834 301 144 20 ORANGE COUNTY

58 283656081264501 283656 0812645 200 - & SOUTHERN STATES UTILITIES
39 283638081254801 283458 0812548 302 97 - SOUTHERN STATES UTILITIES
60 283702081265801 283702 0812658 232 123 12 SOUTHERN STATES UTILITIES
61 283703081225001 283703 0812250 371 - - CITY OF EATONVILLE

62 283707081250901 283707 0812309 363 128 8 SOUTHERN STATES UTILITIES
83 283717081193101 283717 0811931 1315 1148 20 CITY OF CASSELBERRY

64 283717081194202 783717 0811947 290 8 12 SEMINOLE COUNTY

83 283729081273701  wR129 0812737 400 126 b SOUTHERN STATES UTILITIES
&b 2837321224001 283735 0812240 371 105 12 ORANGE COUNTY

67 283743081214501 283743 0812145 390 157 8 CITY OF MAITLAND

68 283809081251802 283809 0812518 571 233 8 ORANGE COUNTY

69 283823081195001 283822 (0811950 380 --- 8 SEMINOLE COUNTY

¢ 283855081192801 283855 (0811928 439 295 12 CITY OF CASSELBERRY

n 283923081123301 283925 0811233 243 148 12 CITY OF QVIEDD

72 283943081230201 283943 0812502 1122 508 20 HI-ACRES CONCENTRATE INC
73 284014081268901 284014 (0812649 453 130 8 FLORIDA LIVING NURSING CENTER INC
74 284014081304601 284014 0813046 4463 201 b CITY OF APOPKA

15 284017081202401 284017 0812024 265 - & CITY OF CASSELBERRY

76 284020081224501 284020 0812243 382 154 12 ALTAMONTE SPRINGS

n 784032081302401 284032 0813024 315 94 12 CITY OF APOPKA

78 284134081303801 284134 0813038 705 178 12 CITY OF APOPKA

79 224202081204401 284202 0812044 390 68 10 CITY OF LONGWOOD

80 284217081320201 284217 0813202 435 106 12 CITY OF APOPKA

81 284221081223401 284221 (0812234 925 4bb 10 SANLANDO UTILITIES CORP
R 284227081223301 284227 081223% 425 100 12 SANLANDO UTILITIES CORP
8 284327081354601 284337 (813544 384 312 b GARDNER MC GRAW

84 284352081361701 284352 0813817 170 93 8 IELLWOOD WATER USERS

& 224437081075601 264437 0810756 202 100 8 MULLET LAKE WATER ASSOC
8¢ 284705081192001 284705 0811920 350 115 12 CITY OF SANFORD
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1. Geophysical logs were run prior to sampling, primarily to identify
water-yielding zones for point sampling.

2. Sample bottles were filled from the pump discharge and treated to
preserve sample integrity. Concurrently, field measurements of
specific conductance, pH, and temperature were made.

3. After pumping, a second set of samples from five drainage wells were
taken opposite a large cavity with a point sampler.

The sample taken from the pump discharge is assumed to represent a
composite of water from all producing zones penetrated by the well. The
purpose of the second set of samples (procedure 3) was to determine the
water quality of a particular zone.

Sample Preservation and Analytical Methods

Water samples were processed at the time of collection using standard
Geological Survey procedures. Samples for dissolved constituents were
filtered through a 0.45-micron membrane filter, samples for metals were
acidified with nitric acid, and samples for nutrients and organic compounds
were packed in ice. Bacteria samples were transported to the Orlando
office of the Geological Survey within 6 hours after collection and
prepared for counts using membrane-filter techniques (Greeson and others,
1977). Samples for nutrient analyses were shipped on ice and analyzed
by the Survey Water-Quality Service Unit in Ocala, Fla. All other
samples were analyzed by the Geological Survey Water Quality Laboratory
in Doraville, Ga. The analytical procedures used are described in Goerlitz
and Brown (1972), Fishman and Brown (1976), and Skougstad and others
(1979).

Description of the Water Quality

Most of the data interpretation is based on comparisons of well
types, drainage or supply. For purposes of interpretation, the well
types were categorized into five groups, as follows:

1. Drainage wells that receive lake overflow.

2. Drainage wells that receive street runoff.

3. Supply wells that tap the upper producing zone and are located near
drainage wells.

4., Supply wells that tap the lower producing zone and are located near
drainage wells.

5. Supply wells that tap the upper producing zone near the study area
that probably are not affected by drainage wells.
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Some supply wells were sampled more than once. Data from these
wells were averaged. The samples from drainage wells taken from the
pump discharge are used to characterize the drainage well groups and
subgroups; the additional point samples taken at five wells are used
only to compare pumped and point sampling.

Major Dissolved Constituents and Properties

A statistical summary of data on the major dissolved constituents
and physical properties found in samples from drainage wells and supply
wells is given in table 6. The cations are calcium, magnesium, sodium,
and potassium, and the major anions are chloride, sulfate, and bicarbonate,
typical of a limestone aquifer. Dissolved solids concentrations in the
samples from a total of 82 drainage wells and supply wells ranged from
95 mg/L (milligrams per liter) to 476 mg/L. Ninety percent of water
samples from these wells had dissolved solids concentrations that ranged
from 112 to 255 mg/L.

Figure 6 shows the general chemical type of water from drainage
wells and supply wells in the upper and lower producing zones. Water
from drainage wells and supply wells in the upper producing zone are
very similar in both their chemical type and variations. Though the
water is basically a calcium and magnesium bicarbonate type, several
wells have more than 25 percent of the anionic composition as sulfate +
chloride and more than 15 percent of the cationic composition as sodium
+ potassium.

In contrast, water from supply wells in the lower producing zone
(also a calcium and magnesium bicarbonate type) varies little within its
chemical type. The small variation in water quality of the deep wells may
be because of the more isolated position of the lower producing zone
from local influences. Or, this small variation may be due, at least in
part, to the relatively small area covered for deep well sampling. Most
of the wells in the lower producing zone that were sampled are within 6
miles of the intersection of I-4 (Interstate Highway 4) and State Highway
50, whereas the sampled drainage wells and supply wells in the upper
producing zone are scattered within a 16-mile radius of the I-4 intersection.

Temperature, pH, color, turbidity, and COD (chemical oxygen demand
of water) from drainage wells and supply wells are listed in table 6.
The data show that with the possible exception of color and COD, there
is little difference between water from drainage wells and water from
supply wells. Color was virtually absent in most supply wells (a median
value of O platinum cobalt units for the group). In contrast, color was
found in most of the drainage-well samples (a median value of 8 units
for the group). Corresponding to the pattern of higher color in drainage
wells was a higher median COD (9 mg/L for drainage wells, and 4 mg/L for
supply wells). The higher color and COD of drainage-well samples are
probably due to the presence of organic materials.
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