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Comparison of the Hydrogeology and Water Quality
of a Ground-Water Augmented Lake with 
Two Non-Augmented Lakes in Northwest 
Hillsborough County, Florida

By P.A. Metz and Laura A. Sacks

Abstract

The hydrologic effects associated with 
augmenting a lake with ground water from the 
Upper Floridan aquifer were examined in north-
west Hillsborough County, Florida, from June 
1996 through May 1999. The hydrogeology, 
ground-water flow patterns, water budgets, and 
water-quality characteristics were compared 
between a lake that has been augmented for more 
than 30 years (Round Lake) and two nearby non-
augmented lakes (Dosson Lake and Halfmoon 
Lake). 

Compared to the other study lakes, Round 
Lake is in a more leakage-dominated hydrogeo-
logic setting. The intermediate confining unit is 
thin or highly breached, which increases the poten-
tial for vertical ground-water flow. Round Lake has 
the least amount of soft, organic lake-bottom sedi-
ments and the lake bottom has been dredged deeper 
and more extensively than the other study lakes, 
which could allow more leakage from the lake 
bottom. The area around Round Lake has experi-
enced more sinkhole activity than the other study 
lakes. During this study, three sinkholes developed 
around the perimeter of the lake, which may have 
further disrupted the intermediate confining unit. 

Ground-water flow patterns around Round 
Lake were considerably different than the non-
augmented lakes. For most of the study, ground-

water augmentation artificially raised the level of 
Round Lake to about 2 to 3 feet higher than the 
adjacent water table. As a result, lake water 
recharged the surficial aquifer around the entire 
lake perimeter, except during very wet periods 
when ground-water inflow occurred around part of 
the lake perimeter. The non-augmented lakes typi-
cally had areas of ground-water inflow and areas of 
lake leakage around their perimeter, and during wet 
periods, ground-water inflow occurred around the 
entire lake perimeter. Therefore, the area potentially 
contributing ground water to the non-augmented 
lakes is much larger than for augmented Round 
Lake. Vertical head loss within the surficial aquifer 
was greater at Round Lake than the other study 
lakes, which is additional evidence of the limited 
confinement at Round Lake. 

A comparison of the water quality and lake-
bottom sediments at the three lakes indicate that 
Round Lake is strongly influenced by the addition 
of large quantities of calcium-bicarbonate enriched 
augmentation water. Round Lake had higher alkalin-
ity, pH, calcium and dissolved oxygen concentra-
tions, specific conductance, and water clarity than 
the two non-augmented lakes. Round Lake was 
generally saturated to supersaturated with respect 
to calcite, but was undersaturated when augmen-
tation was low and after high rainfall periods. 
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Calcium carbonate has accumulated in the lake 
sediments from calcite precipitation, from macro-
phytes such as Nitella sp., and from the deposition 
of carbonate-rich mollusk shells, such as Planer-
bella sp., both of which thrive in the high alkalinity 
lake water. Lake-bottom sediments and aquatic 
biota at Round Lake had some of the highest 
radium-226 activity levels measured in a Florida 
lake. The high radium-226 levels (27 disintegra-
tions per minute per dry mass) can be atrributed to 
augmenting the lake with ground water from the 
Upper Floridan aquifer. Although the ground water 
has relatively low levels of radium-226 (5.8 disin-
tegrations per minute per liter), the large volumes 
of ground water added to the lake for more than 
30 years have caused radium-226 to accumulate in 
the sediments and lake biota.

The Round Lake basin had higher calcium 
and bicarbonate concentrations in the surficial 
aquifer than at the non-augmented lakes, which 
indicates the lateral leakage of calcium-bicarbon-
ate enriched lake water into the surficial aquifer. 
Deuterium and oxygen-18 data indicated that water 
in well nests near the lake consists of as much as 
100 percent lake leakage, and water from the 
augmentation well had a high percentage of recir-
culated lake water (between 59 and 73 percent lake 
leakage). The ground water surrounding Round 
Lake was undersaturated with respect to calcite, 
indicating that the water is capable of dissolving 
calcite in the underlying limestone aquifer.

Annual and monthly ground-water outflow 
(lake leakage) was significantly higher at Round 
Lake than at the non-augmented lakes for the 
3-year study period. Minimum estimates of the 
total annual ground-water inflow and outflow were 
made from monthly net ground-water flow values. 
Based on these estimates, total annual ground-
water outflow from Round Lake was more than 
10 times higher than for the non-augmented lakes. 
Local ground-water pumping, augmentation, and 
hydrogeologic factors are responsible for the high 
net ground-water outflow at Round Lake. Local-
ized ground-water pumping causes the head differ-
ence between the lake and the Upper Floridan 
aquifer to increase, which increases lake leakage 
and results in lower lake levels. Augmenting the 

lake further increases the head difference between 
the lake, the water table, and the Upper Floridan 
aquifer, which results in an increase in lateral and 
vertical lake leakage. The lack of confinement or 
breaches in the intermediate confining unit facili-
tates the downward movement of this augmented 
lake water back into the Upper Floridan aquifer. 
The increase in ground-water circulation in the 
leakage-dominated hydrogeologic setting at Round 
Lake has made the basin more susceptible to karst 
activity (limestone dissolution, subsidence, and 
sinkhole formation). 

INTRODUCTION

Many lakes in northwest Hillsborough County, 
Florida, have experienced water-level declines during 
the past several decades. These water-level declines 
have been directly linked to increases in ground-water 
use, low rainfall periods, and changes in surface-drain-
age patterns due to urban development (Stewart, 1968; 
Stewart and Hughes, 1974; Lopez and Fretwell, 1992; 
Southwest Florida Water Management District, 1996). 
Surface-water bodies in this area generally are well 
connected to the ground-water system and, as low rain-
fall periods continue and ground-water use increases, 
water-level declines can be observed in lakes and 
wetlands. 

Water managers are considering restoring lakes 
in the northwest Hillsborough County area that are 
below acceptable water levels. Ground-water augmen-
tation is a restoration method that uses ground water 
from the Upper Floridan aquifer to maintain water 
levels in lakes. As of 1999, 15 lakes in the northwest 
Hillsborough County area are being augmented with 
ground water and additional lakes are being considered 
for future augmentation (Southwest Florida Water 
Management District, written commun., 1999). As 
water demands increase in the northwest Hillsborough 
County area, many scientists, water managers, and citi-
zens are uncertain about the widespread use of the 
ground-water resources to restore lake levels and the 
hydrologic, water-quality, and biological consequences 
of augmenting lakes with ground water. 
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In 1995, the U.S. Geological Survey (USGS) 
began a cooperative study with the Southwest Florida 
Water Management District (SWFWMD) to gain a 
better understanding of the hydrogeologic and water-
quality effects of augmenting lakes with ground water 
from the Upper Floridan aquifer. A thorough under-

standing of the hydrogeology of augmented lakes is 
essential in developing effective water-management 
practices. This study compares an augmented lake 
(Round Lake) to two nearby non-augmented lakes 
(Dosson Lake and Halfmoon Lake). The location of 
the study area is shown in figure 1. 
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Purpose and Scope

The purpose of this report is to describe the 
hydrogeologic and water-quality effects of using water 
from the Upper Floridan aquifer to maintain lake lev-
els. This report compares the hydrogeologic setting, 
ground-water flow patterns, water budgets, and water 
quality of an augmented lake to two nearby non-aug-
mented lakes. The lakes selected for the study are in 
northwest Hillsborough County, Florida, and include 
(1) Round Lake, which has been augmented for more 
than 30 years and is near a major well field, (2) Dosson 
Lake, a non-augmented lake that is near the same major 
well field but is not as hydrologically stressed as 
Round Lake, and (3) Halfmoon Lake, which will be 
augmented at a future date. 

The results presented in this report are based on 
hydrologic, lithologic, geophysical, and water-quality 
data collected from June 1996 through May 1999 at the 
three lake basins. Some preliminary ground-water flow 
model results for Halfmoon Lake and Round Lake are 
included in this report, but are not a major topic of this 
report.

Previous Investigations

Many investigations have contributed to the 
understanding of the hydrology, hydrogeology, and the 
effects of ground-water augmentation in northwest 
Hillsborough County and surrounding areas. Apprais-
als of the ground-water resources and general hydrol-
ogy of the study area are included in reports by Menke 
and others (1961), Stewart (1968), and Cherry and 
others (1970). Sinclair (1974) described in detail the 
hydrogeologic characteristics of the surficial aquifer of 
northwest Hillsborough County. Sinclair (1977) deter-
mined that sinkholes, sinkhole lakes, and wetlands are 
an important means of recharge to the Upper Floridan 
aquifer in the study area. Sinclair and others (1985) and 
Sinclair and Stewart (1985) described the study area as 
susceptible to sinkhole development and noted that 
many lakes in this region are of sinkhole origin. Stewart 
and Parker (1992) suggested that recharge to the Upper 
Floridan aquifer occurs through many localized 
breaches within the intermediate confining unit. 

Hydrologic investigations of ground-water 
augmentation by Stewart and Hughes (1974) concluded 
that lake leakage and evaporation increased and lake 
chemistry was altered because of ground-water aug-
mentation at Round Lake. Martin and others (1976) 

determined that augmented lake water increased in 
hardness, magnesium, and inorganic carbon, which led 
to the growth of exotic submerged vegetation. Dooris 
and others (1982) concluded that inorganic carbon 
introduced by augmented waters influenced phyto-
plankton populations. Belanger and Kirkner (1994) 
determined that more than 90 percent of augmented 
surface-water returned to the ground-water system at 
Mountain Lake in Polk County. Allen (1999) con-
cluded that augmentation at Round Lake did not reduce 
fish species richness but may hamper the abundance 
and size of important recreational sport fishes. Cowell 
(1999) reported that the augmentation of Round Lake 
with calcium-rich ground water may have contributed 
to the proliferation of mollusks. Brenner and Whitmore 
(1999) documented high levels of radium-226 within 
the lake sediments, and Brenner and others (2000) 
reported the accumulation of radium-226 in the biota of 
Round Lake. 
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DESCRIPTION OF THE STUDY AREA

The three study lakes are located approximately 
12 miles (mi) north of downtown Tampa, in northwest 
Hillsborough County, Florida (fig. 1). The study lakes 
are located within the Gulf Coastal Lowlands (White, 
1970) in a region named Land-O-Lakes within the 
Tampa Plain (Brooks, 1981). The topographic setting is 
a relatively flat, sandy plain where elevations range 
from 40 feet (ft) above sea level on the western side to 
approximately 60 ft above sea level on the eastern side. 
This flat, sandy plain has relatively poor surface drain-
age that typically flows south to southwest towards 
Tampa Bay, and contains many localized surface 
depressions called sinkholes. Sinkholes are prevalent 
throughout the study area and are in all stages of devel-
opment, including ancient stable depressions and those 
formed recently. The ancient shallow surface depres-
sions usually contain swamps or cypress domes, which 
are one of the most characteristic vegetative and geo-
morphic features of the study area. Deeper depressions, 
extending as much as 15 to 20 ft below land surface, 
infill with water and form sinkhole lakes. Many sink-
hole lakes are located within the study area and their 
shapes commonly indicate how they developed. The 
shapes of the lakes vary from circular and elongated to 
those having an irregular outline. Lakes with an irregular 
and elongated outline result when many small sink-
holes coalescence (Sinclair and others, 1985). Two 
streams located within the study area are Brushy 
Creek, draining the central area and Rocky Creek 
draining the western area; both flow southward 
towards Tampa Bay.

Climate 

Warm, wet summers and relatively mild, dry 
springs characterize the subtropical climate of the 
study area. Rainfall varies seasonally with more than 
half the annual rainfall typically occurring during June 
through September. Rainfall tends to be unevenly dis-
tributed throughout the area during the summer months 

because most summer rainfall in Florida is derived 
from localized, convective thunderstorms. Winter 
rainfall commonly is more evenly distributed because 
storms generally result from frontal-type air masses 
that move from north to south across the State. 

Evaporation rates are high in Florida and are 
higher than most of the country (Farnworth and others, 
1982). The high evaporation rates in this subtropical 
climate are primarily due to high solar radiation and 
water temperatures. Long-term estimates of annual 
shallow lake evaporation ranges from 48 to 59 inches 
in central Florida and can vary depending on climatic 
conditions (Farnsworth and others, 1982; Sacks and 
others, 1994; Lee and Swancar, 1997). 

Long-term average rainfall (1965-99 and 1979-99) 
at Section 21 well field is approximately 49 inches per 
year (in/yr). Yearly rainfall for the 1979-99 water years 
(October 1, 1978, through September 30, 1999) is 
shown in figure 2a and departure of annual rainfall 
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from average rainfall (B) at Section 21 well field for water 
years 1979-99.
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from the 21-year average at Section 21 well field is 
shown in figure 2b. During this period, 14 years had 
average to below average rainfall and 7 years had 
above average rainfall. Rainfall for 1979 had an excess 
of 26 in. above the average rainfall. From 1980-97, 
there was a long, dry period interspersed with an 
occasional year with average to above average rainfall. 

For the 1998 water year, a tropical weather 
phenomenon called El Niño produced record rainfall 
throughout the study area. The El Niño weather pattern 
is characterized by unusually warm ocean temperatures 
in the Equatorial Pacific that change global weather 
patterns (Philander, 1990). As the result of El Niño 
conditions, a number of large frontal systems moved 
east across the Gulf of Mexico producing above aver-
age rainfall during October 1997 through March 1998. 
This rainfall contributed to approximately 40 in. above 
the average annual rainfall during the 1998 water year.

Climatic conditions changed again during the 
1999 water year with the onset of a weather pattern 
called La Niña. La Niña is characterized by cooler than 
normal sea-surface temperatures in the central and 
eastern tropical Pacific Ocean that also change global 
weather patterns (Philander, 1990). Drier than normal 
conditions typically occur in the southeastern United 
States during a La Niña year. As a result of this weather 
patterns, rainfall for the 1999 water year was below 
average.

Land Use 

Land use in the study area is predominately resi-
dential with numerous retail and small business cen-
ters. Industrial and agricultural land use is limited, and 
several recreational parks and golf courses are scat-
tered throughout the study area. Three well fields exist 
in the study area: Section 21, Northwest Hillsborough 
Regional, and Cosme-Odessa (fig. 1). These well fields 
provide public, domestic, and industrial water supply 
from the Upper Floridan aquifer to the study area and 
to neighboring Pinellas County. Large pipelines are 
used to transport this ground water from the well fields 
to the surrounding areas. 

Many lakes exist within the study area and lake 
front property is highly desirable as homesites. Most of 
the lakes in the study area have clusters of homes along 
the shoreline. Homes along these lakes typically have 
domestic supply wells and are on septic systems. 

Description of the Study Lakes 

Dosson Lake is a privately owned, 11-acre lake 
that is located approximately half a mile due west of 
Section 21 well field (fig. 3). The topography sur-
rounding Dosson Lake is relatively flat and has an esti-
mated surface drainage area (topographic basin) of 140 
acres, of which approximately 33 percent is low-lying, 
undeveloped wetlands. To the north and south of Dos-
son Lake are wetland areas that consist of cypress 
domes with an understory of riparian ferns. Located in 
the wetlands to the north of Dosson Lake is Lake 
Darby, and to the south is Sunshine Lake. A hand-dug 
drainage ditch is located to the south of Dosson Lake, 
which connects with Sunshine Lake (fig. 3). The 
remaining land use surrounding Dosson Lake consists 
of residential homes on the eastern side, and mainly 
pastureland for cattle on the western side. The Dosson 
Lake topographic basin is the least developed of the 
three study lakes. 

Halfmoon Lake is a privately owned, 33-acre 
lake that is located within an approximate 2-mi radius 
of Section 21, Cosme-Odessa, and Northwest Hillsbor-
ough Regional well fields (fig. 1). Little Halfmoon 
Lake is located to the north and Rocky Creek is located 
to the west of Halfmoon Lake (fig. 4). The topography 
surrounding Halfmoon Lake is slightly elevated on the 
eastern side and slopes gently downward towards 
Rocky Creek on the western side and has an estimated 
surface drainage area of 131 acres. Land use within the 
Halfmoon Lake basin is mostly residential, with a 25-
acre citrus grove situated on the southeastern side of 
the lake. Several small cypress-dominated wetlands are 
located in the southern (4 acres) and northeastern (3 
acres) sides of the basin. The northwestern side of the 
lake has an overflow weir structure that controls lake 
levels during high rainfall (fig. 4). 

Round Lake is a small, privately-owned lake that 
is located approximately 500 ft east of the Section 21 
well field (fig. 5). The 11-acre lake is bounded by Sad-
dleback and Crenshaw Lakes to the east and Starvation 
and Crum Lakes to the west. The 30-acre topographic 
basin for Round Lake is the smallest of the three study 
lakes. Land use in this small drainage basin is residen-
tal with many homes outlining the small circular lake. 
Round Lake has no surface water outlet. An inflow 
drainage ditch exists on the northeastern side of the 
lake that connects with Saddleback Lake, although the 
lake level of Saddleback Lake is seldom high enough 
for it to overflow into this ditch (fig. 5).
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A decline in lake levels of 2 to 3 ft in 1965 caused 
a drastic change in the aesthetic quality of Round Lake 
(Stewart and Hughes, 1974). Stewart (1968) and Stewart 
and Hughes (1974) describe in detail the hydrologic 
factors responsible for lake-level declines at Round 
Lake. These factors include well-field pumping, low 
rainfall conditions, and changes in the natural drainage 
patterns during urban development of northwest Hills-
borough County. To restore lake levels, ground water 
from the Upper Floridan aquifer was pumped into 
Round Lake from one of the wells in the Section 21 
well field during the summer of 1965. This augmenta-
tion, however, ceased at the end of the summer and lake 
levels once again declined. Consequently, the Round 
Lake residents constructed an augmentation well of 
their own in June 1966, and since this time the lake has 
been augmented with ground water to a nearly constant 
level of 53 ft above sea level. The well is located 170 ft 
from the northeastern edge of the lake and ground 
water is pumped into a 15-in. diameter corrugated 
pipe that slopes slightly downward to the lake. 

HYDROGEOLOGIC FRAMEWORK

The geologic units underlying the study area 
consist of sand, clay, and carbonate rocks that were 
deposited primarily in a marine environment. Deposi-
tion of each formation was followed by a period of 
erosion that resulted in the development of solution 
cavities and surface irregularities. Principal hydro-
geologic units of the study area include the surficial 
aquifer, the intermediate confining unit, and the Upper 
Floridan aquifer. The stratigraphic units associated 
with the hydrogeologic units include the undifferen-
tiated surficial deposits, undifferentiated deposits of 
the Hawthorn Group, Tampa Member of the Arcadia 
Formation of the Hawthorn Group, and Suwannee 
Limestone. The hydrogeologic units, equivalent 
stratigraphic units, and a brief lithologic description 
of the units that hydraulically interact with the lakes 
are presented in table 1. 

Table 1. Hydrogeologic units, their equivalent stratigraphic units, and aquifer characteristics in northwest Hillsborough County 
[Modified from Stewart, 1968, Sinclair, 1974, Miller, 1986, and Green and others, 1995]

Age
Stratigraphic

unit
Hydrogeologic

unit
Lithologic

description

Range in
thickness 

(feet)

Aquifer
characteristics

Holocene 
to 

Pliocene

Undifferentiated 
surficial deposits

Surficial aquifer

The surficial deposits consist 
of an upper fine sand unit, 
a sequence of clayey sand, 

and a lower sequence 
of sandy clay

35 to 50
Limited use; lawn irrigation; 
yields less than 5 gallons per 

minute; high iron content

Miocene

Undifferentiated 
deposits of the 

Hawthorn Group

Intermediate 
confining unit

Dense, plastic green-gray 
clay, contains varying 

amounts of sand, chert, and 
phosphate; residual 

limestone; clay 
is variable in extent 

and thickness

0 to 20

Semiconfining unit retards 
downward flow from the surficial 

aquifer; breaches in clay unit 
preferentially transmit recharge 
to the Upper Floridan aquifer

Tampa Member 
of the Arcadia 

Formation of the 
Hawthorn Group

Upper Floridan
aquifer

Highly weathered limestone 
surface; white to light tan, 
soft, moderately sandy and 

clayey, fossiliferous

20 to 240

Many domestic and public-supply 
wells tap this unit; poor to fair 
producer of water; yields from 

a few to several hundred 
gallons per minute

Oligocene
Suwannee
 Limestone

Soft to hard limestone, 
vuggy, granular, fossiliferous, 

white to tan 
200 to 350 

Domestic and large capacity 
public-supply wells tap this unit; 
yields from several hundred to 

several thousand gallons 
per minute
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General Hydrogeology

The uppermost unit, the surficial aquifer, is an 
unconfined sand and clayey sand aquifer. The surficial 
aquifer is separated from the Upper Floridan aquifer by 
the clay-rich intermediate confining unit, which con-
trols the downward recharge to the underlying aquifer. 
The lowermost unit, the Upper Floridan aquifer, is a 
highly productive carbonate aquifer and is the principal 
source of freshwater in west-central Florida (Miller, 
1986).

Surficial Aquifer

The surficial aquifer is a permeable hydrogeo-
logic unit contiguous with land surface, and principally 
consists of unconsolidated to poorly indurated clastic 
deposits (Southeastern Geological Society, 1986). 
Commonly, this unit is termed the surficial aquifer sys-
tem where more than one permeable zone is present or 
where the deposits are interbedded. In this report, the 
deposits are considered to form a single homogeneous 
aquifer, and are referred to as the surficial aquifer. 

The surficial aquifer contains a water table that 
is at a relatively shallow depth below land surface 
within the study area (approximately 0.5 to 10 ft). 
The surficial aquifer is recharged by rainfall that infil-
trates the permeable deposits and percolates downward 
to the water table. Recharge to the water table is rapid 
because the surficial sands are generally permeable 
throughout the study area and the water table is close 
to land surface. The surficial aquifer has a large storage 
capacity and provides recharge to the underlying Upper 
Floridan aquifer. The surficial aquifer is not used as a 
significant source of water supply because of the 
relatively low yields to wells (less than 5 gallons per 
minute) (gal/min), high iron content, and the potential 
for contamination. 

Intermediate Confining Unit

The intermediate confining unit is a nonwater-
yielding strata within the study area that consists of 
the undifferentiated deposits of the Hawthorn Group 
(Southeastern Geological Society, 1986). The unit 
consists of dense, marine green-gray plastic clay that 
contains varying amounts of sand, chert, phosphate, 
organic material, and carbonate mud (Sinclair, 1974). 
Elevated concentations of potassium, radium, and 
radionuclides commonly associated with clay minerals 
are also present in the intermediate confining unit 

(Carr and Alverson, 1959). The clay unit is variable in 
extent and thickness throughout the study area; Sinclair 
(1974) reported clay in 47 of 59 test holes that was as 
much as 20 ft thick and averaged about 4 ft. Carr and 
Alverson (1959) and Sinclair (1974) describe the clay 
in the intermediate confining unit as a weathered resid-
uum of the limestone in the underlying Tampa Member. 

Generally, ground water moves laterally in the 
surficial aquifer and then moves downward to the 
Upper Floridan aquifer through localized breaches in 
the intermediate confining unit. Stewart and Parker 
(1992) suggest that these breaches are actually sand 
columns that were created by localized subsidence 
activity. Sand columns are formed as overlying sand 
moves downward through collapsed clay and into lime-
stone cavities. The sand columns are generally several 
feet or less in diameter and channel most of the local-
ized recharge from the surficial aquifer to the Upper 
Floridan aquifer (Stewart and Parker, 1992). The rate 
of recharge is dependent on the size, frequency, and 
hydraulic conductivity of the sand columns (Stewart 
and Parker, 1992). The same geologic process also 
occurs under lakes where the limestone collapses and 
sand columns infiltrate or pipe into the cavities. These 
sand columns appear as small circular depressions in 
the lake bathymetry (Sinclair and others, 1985) and 
may increase the potential for leakage beneath lakes. 
Soft organic lake bottom sediments may impede leakage, 
but where these organic sediments are absent and the 
underlying clay layer is substantially disrupted, the 
potential for outflow beneath the lake may be enhanced. 

Upper Floridan Aquifer

The Upper Floridan aquifer is the major source 
of water supply within the study area. This aquifer con-
sists of limestone and dolomite, which contains many 
solution-enlarged fractures that commonly yield large 
supplies of water to wells. Transmissivities determined 
from aquifer tests of the Upper Floridan aquifer vary 
throughout the study area and range from 20,000 to 
70,000 feet squared per day (ft2/d) (Wolansky and 
Corral, 1985; Southwest Florida Water Management 
District, 1994; and Langevin and others, 1998). This 
range is characteristic of fractured-rock aquifers and 
could be due to variations in the number and size of 
fractures intercepted by the test well or variations in the 
extent of aquifer penetration by the well. Water-bearing 
units of interest to the study are the Tampa Member of 
the Hawthorn Group and the Suwannee Limestone 
(table 1).
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The Tampa Member corresponds to the top of 
the Upper Floridan aquifer in the study area and ranges 
from 20 to 240 ft thick (Stewart, 1968). Geologic logs 
describe the limestone of the Tampa Member as tan to 
white, usually sandy, fossiliferous, highly weathered in 
places, and commonly containing clay lenses and cavi-
ties. Geologic data from drillers’ logs indicate that the 
top of the limestone of the Tampa Member is highly 
variable within the study area, ranging from 30 ft above 
sea level to 54 ft below sea level. A common remark on 
drillers’ logs is the loss of circulation between 60 and 
140 ft below land surface, which could indicate solu-
tion cavities. Sand and clay are commonly found 
within the limestone unit far below the typical depth 
range of clastic deposits, which suggests that infilling 
and raveling of the overburden materials into cavities 
has occurred. Many domestic and production wells tap 
the Tampa Member in the study area. The Tampa 
Member is a poor to fair producer of water with yields 
ranging from a few to several hundred gallons per 
minute (Stewart, 1968). 

The Suwannee Limestone underlies the Tampa 
Member and ranges from 200 to 350 ft thick. The lime-
stone is pure, white to light tan in color, soft and granu-
lar in appearance and contains abundant fossil detritus 
and organic structures such as casts, molds, and borings 
of mollusks and tests of Foraminifera and Bryozoa 
(Carr and Alverson, 1959). Many fossil molds within 
this unit give this rock type a high porosity. The 
Suwannee Limestone is a major contributor of water to 
production wells within the study area. Wells that tap 
this unit yield from several hundred to several thousand 
gallons per minute (Stewart, 1968). 

Lake Basin Geology

The geologic description of the rocks and sedi-
ments that comprise the hydrogeologic units at each 
lake basin was defined through analysis of well cut-
tings, split-spoon core samples, geophysical well logs, 
and existing geologic information. The locations of 
these wells are shown in figures 3-5 and well numbers 
correspond to the index number in appendix A, which 
lists well construction information, and the hydrogeo-
logic unit the well intercepts. 

The surficial deposits at Dosson, Halfmoon, and 
Round Lake basins average 42 ft in thickness and are 
similar in composition. The surficial deposits consist of 
an upper fine sand unit, a sequence of clayey sand, and 
a lower sequence of sandy clay (table 1). Contacts 

between these units are indistinct, but the cohesive 
nature of the sand increases with depth because of the 
higher percentage of clay. The uppermost deposit that 
underlies the three lake basins is a clean well-sorted, 
fine to very fine quartz sand. The sand is white to buff 
colored near the surface where it contains a mixture of 
organic matter and silt. Below this sand, the clay con-
tent gradually increases, creating a sequence of clayey 
sand. Below this sequence, where the clay content con-
tinues to increase, a unit of sandy clay is present. 

The thickness of the intermediate confining unit 
is similar at Dosson Lake and Halfmoon Lake (approx-
imately 6 ft and 7 ft, respectively), based on split-spoon 
cores and natural gamma logs. The clay at both lakes 
has a dense plastic consistency, is a greenish-gray 
color, and contains varying amounts of sand and phos-
phate grains. The top of the intermediate confining unit 
is present at altitudes of 21 and 7 ft above sea level at 
Dosson Lake and Halfmoon Lake, respectively (figs. 3 
and 4; index numbers 74 and 63, respectively). The 
intermediate confining unit is much thinner at Round 
Lake than at the other two study lakes. The thickness of 
the unit was not readily apparent in the core sample but 
was confirmed using a natural gamma log. An isolated 
clay lens of less than (<) 1 ft was located at 11 ft above 
sea level. Beneath this clay lens is a 4-ft thick sequence 
of clayey sand, which overlays the limestone of the 
Tampa Member (fig. 5, index number 22).

Based on geologic core samples collected from 
one deep well at each lake basin, the altitude of the 
Tampa Member is approximately 15, 0, and 7 ft above 
sea level at Dosson Lake, Halfmoon Lake, and Round 
Lake, respectively (figs. 3-5; index numbers 73, 64, 
and 22). The limestone from the Tampa Member at the 
three lakes is white to light tan in color, microcrystal-
line, and contains fossils and traces of sand and clay. At 
Round Lake, a thin layer of silicon dioxide (chert) cov-
ers the limestone surface. 

Occurrence of Sinkholes in the Study Area

Sinkholes are common in this mantled karst 
landscape and contribute to the highly variable geo-
logic framework. Sinkholes result when limestone dis-
solves and cavities develop in the limestone. As these 
cavities expand, the overlying sand and clay subside 
into the solution openings forming depressions in the 
land surface. Between 1964-92, 334 sinkholes were 
reported in Hillsborough County (Shock and Wilson, 
1996). Many of these sinkholes developed naturally; 
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however, their increasing frequency corresponds to 
increases in urban development and ground-water 
withdrawals (Sinclair, 1982; Newton, 1986; Shock 
and Wilson, 1996; Tihansky, 1999).

Round Lake is located in a region that has 
experienced numerous sinkholes in recent decades. 
Many of these sinkholes were formed by abrupt 
changes in ground-water levels caused by pumping 
(Sinclair, 1982). In May 1964, 46 sinkholes formed 
near the Section 21 well field and Round Lake due to 

an increase in well-field pumping (Sinclair, 1982) 
(fig. 6). A decline in ground-water levels causes loss 
of support of overburden sediments over cavities 
(Newton, 1986). This type of sinkhole usually develops 
during the dry season (March through May) when 
ground-water levels are lowest and ground-water 
pumping rates are highest. 

Sinkhole formation also is induced by increasing 
the volume of water that percolates downward through 
the sediments (Sinclair, 1982; Tihansky, 1999). During 
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this study, three new sinkholes were reported around 
the perimeter of Round Lake (fig. 6). The location and 
the timing of the sinkhole occurrences suggest that 
large amounts of lake leakage could have contributed 
to their formation. In areas where the sinkholes devel-
oped, steep lateral outflow gradients were observed 
between the lake and near-shore wells. Round Lake is 
also in an area where the intermediate confining unit is 
thin or highly breached, which leads to increased 
ground-water circulation. Additional evidence pre-
sented in the water-quality section of this report indi-
cates that ground water in the Round Lake basin is 
unsaturated with respect to calcite and still has the 
capacity to dissolve limestone.

Sublake Geology

Analysis of the sublake geology is an important 
component to understanding the interactions between 
lakes and ground water. A combination of data analy-
ses was used to define the sublake geology, which 
included bathymetry surveys, measurement of lake 
sediment thickness, and seismic-reflection surveys. 
By examining the sublake geology for each lake, dis-
tinctive features were observed that distinguished one 
lake from another, such as (1) depressions in the lake-
bottom configuration, (2) variability in thickness and 
composition of lake-bottom sediments, (3) thickness of 
sediments between the lake and the Upper Floridan 
aquifer (overburden thickness), and (4) irregularities in 
the sediments and limestone beneath the lakes that may 
represent possible routes of movement of water from 
the lakes.

Bathymetry

The bathymetry of each lake was defined using 
bottom-sounding techniques. Transects were run to 
define the geometry of each lake, and the transect ori-
entation and perimeter of the lake were defined by 
using a differential Global Positioning System (GPS). 
In some instances, soundings were impeded near the 
perimeter of the lake due to vegetation growth or pri-
vate docks. 

All three lakes are relatively shallow (average 
depth of < 10 ft) and include small circular to irregu-
larly shaped depressions along the lake bottom that 
range from 15 to 28 ft below the lake surface. Some of 

these depressions in the lake bottom are presumably 
natural piping features or sand columns, but some are 
probably the result of lake-bottom dredging. Prior to 
the establishment of environmental regulations, lake-
bottom sediments were dredged in many lakes in north-
west Hillsborough County. Lake-bottom sediments 
were commonly dredged along the lake shoreline to 
elevate low lying areas for building purposes. 

Dosson Lake is the shallowest of the three lakes 
with an average depth of approximately 8 ft at a lake 
level of 51.48 ft above sea level (fig. 7). The lake bottom 
is rather uniform except for two isolated deep depres-
sions. The deepest depression (15-20 ft below the lake 
surface) at the northern end is due to dredging, accord-
ing to several residents. A deep depression (15 ft) at the 
southern end of the lake may be a subsidence feature. 
Seismic-reflection survey data provide evidence that 
the deep depression corresponds with a depression in 
the limestone surface beneath the lake.

The average depth of Halfmoon Lake is approxi-
mately 10 ft at a lake level of 41.35 ft above sea level 
(fig. 8). Deep depressions along the southern shoreline 
were identified as dredged areas by a Halfmoon Lake 
resident. Several depressions along the lake bottom 
could be subsidence features, but this could not be con-
firmed during this study because of the dredging. One 
deep area, (28 ft below the lake surface) at the north 
end of the lake, is far enough away from the shoreline 
to suggest that it is a subsidence feature. Data discussed 
in the seismic-reflection survey section of this report 
indicate that this deep depression corresponds with a 
depression in the limestone surface beneath the lake.

Of the three study lakes, the Round Lake bottom 
sediments appear to have been dredged most exten-
sively. Round Lake has an average depth of approxi-
mately 9 ft at a level of 52.52 ft above sea level and has 
several deep depressions (20-25 ft below the lake sur-
face) along the northern and western shoreline (fig. 9). 
Lake-bottom dredging at Round Lake has been docu-
mented in a report by Stewart and Hughes (1974) and 
confirmed by verbal communication with local resi-
dents. Similar to Halfmoon Lake, the depressions along 
the bottom of Round Lake could be subsidence features 
but this could not be determined during the study 
because of the dredging. However, based on geologic 
characteristics of the Round Lake basin, it is probable 
that one to several of these depressions are natural 
subsidence features. 
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Lake-Sediment Thickness 

Sediment cores were collected at each lake to 
determine the distribution and thickness of the soft, 
organic lake-bottom sediments. The distibution and 
thickness of the soft sediment indicates the general 
degree of lake bottom permeablity at each lake. Nine 
sediment cores were collected in each lake to achieve 
approximately equal coverage of the lakes (Hakanson 
and Jansson, 1983). At each coring site, metal rods of 
uniform length were forced through the soft organic 
sediment until the hard lake bottom was contacted. Soft 
sediment cores were then extracted from the lake bot-
tom using a piston corer, which contained a clear plas-
tic core barrel that allowed visual inspection of the 
profile. The cores were measured, described, and pho-
tographed for archival purposes. Sediment cores also 
were collected for paleolimnological analysis at each 
lake to help determine the historical water quality of 
the lakes. Brenner and Whitmore (1999) provide a 
detailed account of the paleolimnological reconstruc-
tion from these sediment cores. 

Dosson Lake had the deepest and most extensive 
distribution of soft, organic lake-bottom sediments. 
The loosely consolidated brown-gray sediment had a 
gelatinous consistency and in some areas was inter-
mixed with sand and clay. The soft sediment distribu-
tion was highly variable and ranged from 0 to 13 ft in 
thickness near the southern end of the lake (fig. 7). No 
soft sediments were found at a known dredged area 
near the northeastern shore, which suggests that the 
soft sediments were removed during the dredging pro-
cess. The accumulation of soft sediment at the southern 
end of the lake may be related to sedimentation pro-
cesses as the lake drains south towards Sunshine Lake.

The soft lake-bottom sediments at Halfmoon 
Lake were much thinner than at Dosson Lake. The soft-
sediment thickness ranged from no sediment in several 
areas to approximately 4 ft near the center of the lake 
(fig. 8). The brown-gray sediment had a gelatinous 
consistency and was intermixed with fine sand in sev-
eral areas. 

Round Lake had the thinnest accumulation of 
soft lake-bottom sediments and the most variablity in 
sediment composition of the three study lakes. Sedi-
ment thickness ranged from < 1 ft to approximately 3 ft 
near the center of the lake (fig. 9). The brown-gray 
organic sediment had a gelatinous consistency and in 
two of the cores, the organic sediment was mixed with 
clay and silt. A sparse layer of calcium carbonate 
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precipitate was found on the lake-bottom sediments 
and was observed as a white, flocculant material. In 
seven of nine cores collected, the soft sediment was 
intermixed with shell material that was not found in the 
non-augmented lakes. The introduction of shell mate-
rial and calcium carbonate precipitate in the organic 
sediments is the result of the ground-water augmenta-
tion. The calcium-bicarbonate enriched augmentation 
water has raised the alkalinity of the lake enabling 
snails such as Planorbella sp. to proliferate (Brenner 
and Whitmore, 1999). Shell material from the snails 
was present in the first 0.5 ft of organic sediment.

In a sediment core collected for paleolimno-
logical analysis at Round Lake, an approximate 1-ft 
thick peat deposit was located 2 ft below the lake 
bottom near the center of the lake. This peat deposit 
was analyzed for carbon isotopes to determine the 

chronological date of the peat layer. The conventional 
carbon-14 (14C) age of the peat was 6,970 ±80 years 
BP (before present) and the 13C/12C ratio was –27.0 per 
mil. The age of the peat probably corresponds with the 
date of the formation of the lake, during the Holocene 
or Recent time period. Additional information is needed 
to determine why this peat was found at such a shallow 
depth and why the accumulation of sediment is low. 
Brenner and Whitmore (1999) suggest that organic sed-
iment production has been low throughout the history 
of the lake and what little organic matter was produced 
could have been rapidly oxidized. Large water-level 
declines of 5 ft in 1965-66 exposed much of the lake 
bottom, which undoubtedly altered the organic sedi-
ment accumulation. In addition, dredging may have 
removed much of the organic material or displaced the 
peat material.
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Seismic-Reflection Survey 

Structural features, thickness of overburden 
sediments, and depth to the Tampa Member below 
the lakes were defined by the use of high-resolution 
seismic-reflection methods. A number of seismic-
reflection transects were run to determine the geologic 
characteristics beneath each lake. The size of the lake 
and the types of features observed in the seismic-
reflection data determined the number and orientation 
of transects. Six transects showing seismic-reflection 
profiles were collected at Dosson Lake, 15 transects at 
Halfmoon Lake, and 19 transects at Round Lake. The 
seismic-reflection data were interpreted using standard 
methods where prominent sub-bottom reflectors and 
reflection characteristics were identified within the 
seismic-reflection profiles (Payton, 1977). The seismic 
data for each transect was assigned a depth scale based 
on 1,500 meters per second acoustic velocity for the 
sublake geologic material (Locker and others, 1988; 
Lee and others, 1991; Sacks and others, 1992; Kin-
dinger and others, 1994; Tihansky and others; 1996; 
Lewelling and others, 1998). The major seismic-

reflectors were correlated with drillers’ logs and 
geologic data collected during this study to determine 
the characteristics of the geologic units beneath each 
lake. Kindinger and others (1994) and Tihansky and 
others (1996) provide detailed discussions pertaining 
to the methods and analysis of high-resolution seismic-
reflection in Florida lakes. 

The seismic records for the three lakes exhibit 
several features that are typical of lakes of sinkhole ori-
gin. These features include a highly irregular limestone 
surface, discontinuous reflectors, low amplitude or 
reflection-free zones, and concordant parallel reflectors 
that commonly exhibit sagging structures (Tihansky 
and others, 1996). A representative seismic profile for 
each lake is shown in figure 10a-c. 

Based on seismic reflection data, the surficial 
deposits (sand and clay units) vary in structure. The 
occasional presence of well-defined reflectors suggests 
that there are areas where the lateral bedding within 
surficial deposits are intact. In other areas of the 
seismic record, discontinuous reflectors and sagging 
structures suggest that the surficial deposits have 
been disrupted, which probably is due to subsidence. 

0

0

500 FEET

150 METERS

LOCATION OF SEISMIC-
REFLECTION TRANSECT

Round Lake

0 -5

5 -10

10 -15

15 - 20

20 - 25

1 1 1

1

1 11

3 1

EXPLANATION

DEPTH-- In feet below lake
surface, February 20, 1997.
Datum is lake level (52.52 feet
above sea level). Interval is 5 feet

1 LOCATION OF SEDIMENT CORES--
Number refers to thickness
of sediment, in feet

Figure 9. Bathymetry and soft sediment thickness for Round Lake.
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Surficial deposits that are disrupted or exhibit a sag-
ging structure, may indicate that the confinement is 
compromised in that area beneath the lake (fig. 10a-c). 
The intermediate confining unit could not be delineated 
beneath any of the lakes because the unit either was too 
thin to produce an identifiable reflector or was absent. 
It may be present, however, at the base of the surficial 
deposits. 

The most consistently identifiable seismic reflector 
beneath each of the three lakes corresponds with the 
top of the Tampa Member. A high amplitude reflector 
is generated at the contact between the overburden 
material (surficial deposits) and the Tampa Member. 
The depth to the seismic reflector is highly variable, 
indicating the irregular nature of the limestone surface 
beneath the lakes. In some areas of each lake, the qual-
ity of the data limited the extent of the interpretations 
because of ringing multiples, which result from high-
amplitude returns from a sandy lake bottom. 

The most distinctive feature in the seismic record 
for Dosson Lake was the great vertical relief to a low-
amplitude reflector, which was not observed at the 
other study lakes. In areas of the seismic record where 
the low amplitude reflector was observed, the Tampa 
Member appears to be missing (fig. 10a). This low 
amplitude reflector correlated well with the top of the 
Suwannee Limestone, and in figure 10a, the reflector 
was observed in the seismic record at approximately 
70 ft below sea level. In other areas of the seismic 
record, the low-amplitude reflector ranged from 80 to 
230 ft below sea level. Where the Tampa Member was 
missing in the seismic record, the thickness of surficial 
deposits was much greater (> 100 ft thick) than the 
thickness observed in wells near Dosson Lake. In areas 
where the Tampa Member reflector was observed, the 
top of the limestone correlated with geologic logs in 
the Dosson Lake area. The Tampa Member reflector 
ranged from approximately 16 to 28 ft above sea level, 
and the average overburden thickness was approxi-
mately 30 ft. 

The most distinctive feature in the seismic record 
for Halfmoon Lake was the highly irregular limestone 
surface beneath the lake. Several areas of the seismic 
record indicate possible subsidence features, illustrated 
by the abrupt loss of the top of the limestone reflector, 
and accompanied by sags in the overlying reflectors 
(fig. 10b). Other features observed in the seismic 
record were hyperbolic point reflectors (not shown in 
fig. 10b). These reflectors suggest the presence of 
voids and cavities beneath the lake and provide 

additional evidence of subsidence. One of the hyper-
bolic point reflectors overlain by a depression in the 
lake bottom in the northern area may indicate that it is a 
natural piping feature. The top of the limestone reflec-
tor ranged from approximately 20 ft above to 60 ft 
below sea level, which is within the range that the 
Tampa Member was observed in wells near Halfmoon 
Lake. The average overburden thickness was approxi-
mately 40 ft.

The most distinctive feature in the seismic record 
for Round Lake was the lack of continuity of the 
Tampa Member limestone reflector (fig. 10c). Lack of 
continuity along this surface may indicate that the con-
finement is disrupted or compromised by localized 
subsidence or that the sedimentary structure exhibits 
karst features such as cavernous porosity. Evidence of 
cavernous porosity in the limestone in the Round Lake 
area includes frequent loss of circulation noted in 
remarks from driller’s logs, a thin confining unit which 
leads to increased ground-water circulation, and 
increased occurrence of sinkhole development. The top 
of the limestone reflector beneath the lake ranged from 
approximately 4 ft to 28 ft above sea level. The average 
overburden thickness throughout the record was 
approximately 30 ft. 

GROUND-WATER FLOW PATTERNS 

Hydrologic data collected from a network of 
wells, lakes, and streams provided the basis for a 
description of ground-water flow near each of the study 
lakes. Monthly water levels were collected from a net-
work of 100 surficial aquifer, 3 intermediate confining 
unit, 19 Upper Floridan aquifer wells, and 25 lake and 
stream measurement sites located throughout the three 
lake basins. The term “well nest,” as used in this study, 
represents a cluster of wells that are drilled at the same 
location but completed at different depths. Well nests 
were used to determine the vertical-head distribution 
within an aquifer or between the surficial aquifer, the 
intermediate confining unit, and the Upper Floridan 
aquifer. At each lake basin, two well nests were located 
approximately 100 to 250 ft from the edge of the lake. 
A surficial aquifer well nest consisted of three or four 
wells that were completed at different depths below the 
water table. A deeper well nest consisted of wells that 
were completed within the surficial aquifer, intermedi-
ate confining unit, and Upper Floridan aquifer. Contin-
uous water-level monitors were placed at a surficial 
aquifer well and an Upper Floridan aquifer well at each 
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lake to determine daily and seasonal water-level fluctu-
ations. Appendix A lists an index number for each 
well location by latitude and longitude (identification 
number), well name, well depth and cased interval, 
hydrogeologic unit, and the summary of types of data 
collected at each well. Locations of wells with corre-
sponding index numbers from appendix A are shown in 
figures 3-5. Monthly water-table maps were produced 
for Dosson Lake (January 1997 through May 1999; 
29 months), Halfmoon Lake (August 1996 through 
May 1999; 34 months) and Round Lake (July 1996 
through May 1999; 35 months) to delineate regions of 
ground-water inflow to and outflow from the lakes. 
Monthly potentiometric-surface maps of the Upper 
Floridan aquifer were produced (July 1996 thorough 
May 1999; 35 months) to determine seasonal trends. 
Monthly ground-water levels were published by the 
USGS in annual data reports for southwest Florida 
(Coffin and Fletcher, 1999b and 2000b).

Ground-Water Flow Patterns 
Surrounding the Lakes 

Ground-water flow patterns around lakes can 
be classified according to the configuration of the sur-
rounding water table (Krabbenhoft and others, 1994). 
Three general ground-water flow patterns were 
observed at the study lakes based on the seasonal 
configuration of the surrounding water table, which 
include a ground-water flow-through, discharge, and 
recharge pattern. A flow-through pattern is where 
ground-water inflow occurs around part of the lake 
perimeter and the remainder of the lake loses water to 
the ground-water system (fig. 11a). The flow-through 
pattern was the most prevalent ground-water flow 
pattern observed in this study and is common at other 
lakes in west-central Florida (Sacks and others, 1998). 
A ground-water discharge pattern is where ground-
water inflow occurs around the entire lake perimeter 
because the adjacent water table is higher than the lake 
level (fig. 11b). This flow pattern usually occurs during 
periods of high recharge. A ground-water recharge pat-
tern is where the lake level is higher than the surround-
ing water table and the lake loses water as lateral 
ground-water outflow (lake leakage) (fig. 11c). This 
pattern occurs naturally or results from artificially 
maintaining lake levels above the surrounding water 
table (Freeze and Cherry, 1979). These ground-water 
flow patterns are transitory and change in response 
to recharge conditions. For example, areas of ground-

water inflow can change seasonally in response to 
cumulative recharge, or in shorter periods due to tran-
sient recharge mounds (Winter, 1986; Sacks and others, 
1998; Lee, 2000). 

GROUND-WATER FLOW PATH

WATER-TABLE

EXPLANATION

(A)

lake surface

GROUND-WATER FLOW-THROUGH

(B)

lake surface

GROUND-WATER DISCHARGE

(C)

lake surface

GROUND-WATER RECHARGE

Figure 11. Three general ground-water flow patterns around 
lakes: (A) ground-water flow-through, (B) ground-water 
discharge, and (C) ground-water recharge. (Modified from 
Winter and others, 1998.)
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Dosson Lake experienced flow-through lake 
conditions for more than half of the study period (17 of 
29 months). The percentage of the lake perimeter that 
received ground-water inflow during these months 
ranged from 10 to 80 percent. For most of the study 
period, ground-water inflow occurred along the east 
and west sides of the lake, where the water table was 
higher than the lake. The lake recharged the shallow 
ground-water system in the wetlands to the north and 
south of Dosson Lake, where the water table was lower 
than the lake. The water table was lower than the lake 
around much of the lake perimeter during dry periods, 
limiting the area of ground-water inflow (fig. 12a). The 
water table was lower than the lake around the entire 
lake perimeter during March through May 1999. This 
period corresponded with low rainfall and with the 
highest pumping rates from Section 21 well field for 
the study period. Therefore, the lack of ground-water 
inflow was probably due to a combination of low rain-
fall and increased pumpage. The gradients reversed 
during wet periods (fig. 12b), and ground-water inflow 
occurred around the entire lake perimeter (9 of 29 
months). Therefore, the wetlands are a source of both 
recharge and discharge for Dosson Lake, depending on 
rainfall conditions. 

Similar to Dosson Lake, Halfmoon Lake experi-
enced flow-through lake conditions for much of the 
study period (27 of 34 months). The percentage of the 
lake perimeter that received ground-water inflow dur-
ing these months ranged from 30 to 95 percent. For the 
entire study period, ground-water inflow occurred on 
the eastern and northern sides of Halfmoon Lake, 
where the water table was higher than the lake (fig. 12c). 
During average to dry periods, the lake recharged the 
water table on the western and southwestern sides of 
the lake, where the water table was lower than the lake. 
This lower water-table elevation may be controlled by 
the proximity to Rocky Creek. During wet periods, the 
water-table gradients reversed on the western and 
southwestern side of the lake and ground-water inflow 
occurred around the entire lake perimeter (7 of 34 
months) (fig. 12d). 

In contrast to the non-augmented lakes, lake 
leakage from Round Lake recharged the surrounding 
water table around the entire lake perimeter for much 
of the study period (23 of 35 months). The adjacent 
water table was lower than the augmented lake level 
and as a result, large volumes of lake water had the 
potential to flow out laterally in all directions (fig. 12e). 
High recharge or periods when the lake was not 

augmented caused ground-water inflow to occur 
around part of the perimeter of Round Lake (12 of 35 
months). For example, ground-water inflow occurred 
on the northern and eastern side of the lake, with lake 
leakage occurring on the remaining sides during the 
El Niño period (January 1998) (fig. 12f). Round Lake 
responded as a flow-through lake during this period, 
which is probably the natural flow pattern of the lake 
if there was no augmentation or pumping at Section 21 
well field. When the lake experienced flow-through 
patterns, the percentage of the lake perimeter that 
received ground-water inflow ranged from 10 to 80 
percent. 

The magnitude and direction of the head gradient 
between a lake and the adjacent water table will affect 
the amount of ground-water inflow and lake leakage. 
Changes in these gradients can be illustrated by com-
paring hydrographs of the study lakes with surficial 
aquifer water levels (fig. 13a-c). For example, water 
levels in two near-shore wells located on the western 
side of Dosson Lake and Halfmoon Lake (fig. 13a-b) 
were higher than the adjacent lake during much of the 
study period, indicating that ground-water flow was 
towards the lake. The gradients reversed slightly during 
dry periods and the lake recharged the surficial aquifer. 
The average lateral inflow head gradient for the study 
period was 0.007 foot per foot (ft/ft) between DL3 
well (index no. 75) and Dosson Lake and 0.005 ft/ft 
between HML60 well (index no. 69) and Halfmoon 
Lake (table 2).

Following high recharge events at Dosson Lake 
and Halfmoon Lake, the water table temporarily rose 
to levels substantially higher than the lake (fig. 13a-b). 
Lateral inflow head gradients increased when water-
table mounds occurred, which resulted in an increase in 
ground-water inflow at both lakes (table 2). Lee (2000) 
reported that transient water-table mounds following 
large rainfall events generated most of the net ground-
water inflow to Lake Barco. Temporary water-table 
mounds receded to near lake levels after about a week 
for the two lakes. The recession period for these tran-
sient water-table mounds was considerably longer than 
for two lakes within the Central Lakes District of Flor-
ida (Lake Barco and Lake Starr), which typically lasted 
1 day (Lee, 2000; Swancar and others, 2000). The 
longer recession period observed at Dosson Lake and 
Halfmoon Lake is probably due to less permeable 
surficial deposits in the study area than in the Central 
Lakes District.
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Figure 13. Water levels in selected surficial aquifer wells and lake levels for (A) Dosson Lake, 
(B) Halfmoon Lake, and (C) Round Lake. (Well construction data and index number are shown in 
appendix A and locations of wells are shown in figures 3-5.)
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In comparison to the other study lakes, the level 
of Round Lake was typically much higher than the 
adjacent water table (fig. 13c). This head difference 
creates a large lateral outflow gradient and is an impor-
tant control on the magnitude of lake leakage at Round 
Lake. The lateral outflow gradient was largest around 
the margin of the lake and decreased further away from 
the lake (table 2). As a result, a large amount of lake 
leakage occurs around the margin of the lake and can 
be significant to the total sum of lake leakage (Lee, 
2000 and Lee, 2002). Head differences were largest 
between the lake and the adjacent water table during 
May 1999, thus creating the maximum lateral outflow 
head gradient for the study period (table 2). During the 
study, three sinkholes developed near the margin of the 
lake, where the steepest lateral outflow gradients exist 
and where large volumes of lake leakage is directed 
(fig. 12e). 

During and following extremely high rainfall 
periods, water levels in a number of wells surrounding 
Round Lake were higher than the lake level (fig. 13c). 
During these periods, a lateral inflow gradient occurred 
that resulted in ground-water inflow to the lake (table 2; 
fig. 12f). 

Vertical Flow Patterns Between the Lakes 
and the Upper Floridan Aquifer 

Vertical head loss between the lakes and the 
Upper Floridan aquifer varied at each lake basin, and 
the intermediate confining unit appears to be the domi-
nant control on these vertical flow patterns. The aver-
age vertical head loss between the lakes and the Upper 
Floridan aquifer, determined from well nest data, was 
16 ft, 13 ft, and 11 ft for Dosson Lake, Halfmoon Lake, 
and Round Lake, respectively. Differences in vertical 
head loss may indicate the localized nature of the con-
fining unit sediments at each lake basin. For example, 
more permeable sediments in the intermediate confin-
ing unit will enhance the downward movement of 
recharge waters, resulting in a smaller head loss 
between the lake and the Upper Floridan aquifer. 
Hydrographs for the lakes and wells completed at 
different depths are shown in figures 14a-c.

Generally, heads in the surficial aquifer and 
Upper Floridan aquifer at Round Lake responded 
simultaneously to recharge from rainfall (fig. 15). 
These simultaneous responses indicate there is a 
hydraulic connection between the two aquifers. 

Table 2. Average and maximum lateral inflow and outflow head gradient within the surficial aquifer at Dosson Lake,
Halfmoon Lake, and Round Lake

[units, gradient in foot per foot; –, indicates outflow gradient]

Well name
Average lateral 

inflow head 
gradient

Maximum 
lateral inflow 
head gradient

Average lateral 
outflow head 

gradient

Maximum 
lateral outflow 
head gradient

 Dosson Lake

DL3 well (index no. 75)1

1 DL3 well is 110 feet west of Dosson Lake; continuous water-level recorder.

0.007 0.026 -0.002 -0.004

 Halfmoon Lake

HML60 well (index no. 69)2

2 HML60 well is 135 feet west of Halfmoon Lake; continuous water-level recorder.

0.005 0.027 -0.0005 -0.001

 Round Lake

RL 21 well (index no. 21)3

3 RL21 well is 30 feet west of Round Lake; monthly water-level measurements.

0.0008 0.001 -0.025 -0.055

RL4 South well (index no.4)4

4 RL4 South well is 80 feet south of Round Lake; monthly water-level measurements.

0.007 0.018 -0.025 -0.043

RL23 North well (index no. 23)5

5 RL23 North well is 105 feet north of Round Lake; continuous water-level recorder.

0.005 0.012 -0.006 -0.015

Dewey Thompson Sh. well (index no. 28)6

6 Dewey Thompson Shallow well is 290 feet east of Round Lake; monthly water-level measurements.

0.002 0.006 -0.006 -0.011

Berger Shallow well (index no. 30)7

7 Berger Shallow well is 1,637 feet southeast of Round Lake; weekly water-level measurements.

0.0004 0.0008 -0.002 -0.004
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Figure 14. Water levels in wells completed at different depths and lake levels for (A) Dosson 
Lake, (B) Halfmoon Lake, and (C) Round Lake. (Well construction data and index number are 
shown in appendix A and location of wells are shown in figures 3-5.)
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The rapid response of the Upper Floridan aquifer to 
recharge may be the result of sand-filled breaches in 
the intermediate confining unit, which can rapidly 
transmit recharge water downward to the Upper Flori-
dan aquifer. Daily average heads in the surficial aquifer 
and the Upper Floridan aquifer at Round Lake were 
highly correlated (r2 = 0.91), which may indicate the 
degree of hydraulic connection between the aquifers. 
Lithologic data also indicate that there is less confine-
ment at Round Lake than at the other study lakes. At 
Dosson Lake and Halfmoon Lake, the head relations 
between the two aquifers also were highly correlated, 
although to a lesser degree than Round Lake (r2 = 0.83 
for Dosson Lake, and r2 = 0.72 for Halfmoon Lake).

Hydrogeologic sections across each lake basin, 
along with water-level data from wells completed at 
various depths, were used to compare the vertical 
flow regime between the non-augmented lakes and the 
augmented lake (figs. 16-18ab). The vertical head dis-
tributions directly beneath each lake were unknown. 

Therefore, the heads below the lake were inferred from 
near-shore well nests and from the preliminary results 
of ground-water flow models for Halfmoon Lake and 
Round Lake. The hydrogeologic sections were con-
structed for a dry and wet period for each lake basin.

The vertical head decline within the surficial 
aquifer was small (< 2 ft) for the two non-augmented 
lakes (Dosson Lake and Halfmoon Lake) (figs. 16a-b 
and 17a-b). This small vertical head decline indicates 
there is a potential for significant horizontal flow in 
the upper part of the surficial aquifer. Head loss data 
also indicate the variability in hydraulic conductivity 
within and between hydrogeologic units. At all three 
lakes, small upward head differences were occasionally 
measured between wells that were located in the 
clayey sand intervals (between 17 and 22 ft deep) 
and the uppermost sand unit. This head difference 
may indicate that deeper flow periodically is directed 
upward to areas of higher permeability within the 
surficial aquifer. 
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Most of the vertical head loss between the 
surficial aquifer and the Upper Floridan aquifer occurs 
across the intermediate confining unit at Dosson Lake 
and Halfmoon Lake. The vertical head loss across the 
intermediate confining unit was higher at Dosson Lake 
than at Halfmoon Lake and had slight seasonal variabil-
ity at both lakes. The head loss across the intermediate 
confining unit at Dosson Lake was approximately 16 ft 
during the dry season (fig. 16a) and approximately 14 ft 
during the wet season (fig. 16b). The head loss across 
the intermediate confining unit at Halfmoon Lake was 
approximately 13 ft during the dry season (fig. 17a) and 
approximately 12 ft during the wet season (fig. 17b). 

Round Lake had a much greater vertical head 
loss within the surficial aquifer (approximately 9 ft), 
compared to the non-augmented lakes (< 2 ft) (fig. 18a-b). 
The head loss across the intermediate confining unit 
was lower at Round Lake (1-7 ft) than at the other 
study lakes, indicating that the intermediate confining 
unit is more permeable, breached, or thinner at Round 
Lake. Where the intermediate confining unit is thin or 
breached, there is a greater tendency for downward 
flow through the surficial aquifer and intermediate con-
fining unit. Generally, lakes that reside over a thin or 
highly breached intermediate confining unit, such as 
Round Lake, will require more augmentation to main-
tain lake levels than lakes where the intermediate con-
fining unit is thicker or more intact.

Upper Floridan Aquifer Flow Patterns

Heads in the Upper Floridan aquifer decrease 
from east to west across the study area, and the lateral 
head gradient is approximately 5 ft per mile (fig 19a-b). 
The highest heads measured in the Upper Floridan 
aquifer during the study period was during the unusu-
ally wet El Niño period (March 1998), when recharge 
rates were highest and well-field pumping was lowest 
for the study period (fig. 19a). The lowest heads in the 
Upper Floridan aquifer were measured in May 1999, 
after an extended dry period, and when well-field 
pumping was the highest for the study period (South-
west Florida Water Management District, 1999). The 
May 1999 heads were approximately 8 to 12 ft lower 
than the March 1998 heads (fig. 19b). 

Heads in the Upper Floridan aquifer have 
decreased in the study area because of increased 
ground-water use. The long-term average head decline 
(1963-99) at Section 21 well field is approximately 
12 ft (Hillsborough 13 Deep well; index number 130). 

During the study period, withdrawals at Section 21 
well field averaged about 10 million gallons per day 
(Mgal/d) (Southwest Florida Water Management Dis-
trict, 1999). Withdrawals from Section 21 well field 
and other water uses have created a cone of depression 
encompassing Round Lake and adjacent areas of north-
west Hillsborough County (fig. 19a-b). Other water 
uses include small citrus groves, nurseries, and golf 
courses, but the withdrawals for these uses are much 
smaller than the withdrawals for public supply. The 
cone of depression at Section 21 well field was not 
reflected in the regional potentiometric surface map for 
May 1999 (Duerr and Torres, 2000) due to a limited 
number of wells measured, and because it is somewhat 
masked by the regional cumulative drawdown in the 
area. In addition to the Section 21 well field, two other 
well fields are located near Halfmoon Lake (Cosme-
Odessa, and Northwest Hillsborough Regional; fig. 1). 
The local effect of these well fields on the heads of the 
Upper Floridan aquifer is similarly not obvious due to a 
limited number of wells measured. The average pump-
ing rates for Northwest Hillsborough Regional and 
Cosme-Odessa well fields for the study period was 
9 and 11 Mgal/day, respectively (Southwest Florida 
Water Management District, written commun., 2001). 

Heads in the Upper Floridan aquifer at each lake 
basin had similar monthly trends but the timing and 
magnitude of hourly water-level fluctuations differed 
(fig. 20). Hourly water-level fluctuations in the Upper 
Floridan aquifer were caused by changes in localized 
pumping within each lake basin. Short-term draw-
downs in Upper Floridan aquifer wells at the three lake 
basins ranged from approximately 0.10 to 1 ft. Water 
levels recovered after approximately 2 to 7 hours. 

WATER BUDGET 

A water-budget approach was used to compare 
the differences in net ground-water flow rates for the 
two non-augmented lakes (Dosson Lake and Halfmoon 
Lake) to the augmented lake (Round Lake). The water 
budget defines the balance of inflows and outflows to 
and from the lake and is an important tool in under-
standing lake/ground-water interactions. A water-
budget approach has been used to determine the net 
ground-water flow for a number of lakes in central 
Florida. A detailed description of the water-budget 
approach for other lakes in central Florida is discussed 
in reports by Lee and others (1991), Sacks and others 
(1992, 1998), and Swancar and others (2000). 
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Methods

A water budget was computed monthly, between 
June 1996 and May 1999, for each lake. The following 
is the general water budget equation:

∆S ± e∆S = P - E + A + Si - So + Gi - Go , 
(1)

± eP ± eE ± eA ± eSi ± eSo ± eGi ± eGo

where ∆S is the change in lake volume over a given time 
period, P is precipitation, E is lake evaporation, A is 
total ground-water augmentation, Si is surface-water 
inflow, So is surface-water outflow or direct pumping 
from the lake, Gi is ground-water inflow, Go is ground-
water outflow, and e is the error or uncertainty in each 
budget term for the same time period. Water-budget 
components are expressed in linear units (inches) for 
this report. Linear units were used so water-budget 

terms could easily be compared between lakes that have 
different surface areas, and they were computed by 
dividing the change in lake volume and volumetric 
fluxes by the average lake surface area for the month. 
Average lake surface area was included in the water-
budget tables so that volumetric units could be readily 
obtained. 

Errors or uncertainties in water-budget terms 
result from measurement error, extrapolation of 
regional data to site-specific data, and uncertainties in 
computed or assumed parameters used to calculate the 
water-budget term (Winter, 1981). Quantifying these 
uncertainties is extremely important to the interpreta-
tion of the final water budget, especially the net 
ground-water flow term (Winter, 1981). The assumed 
uncertainties in lake storage (5 percent), rainfall (5-15 
percent, depending upon the gage location), evapora-
tion (20 percent), and surface-water inflows and out-
flows (50 percent) were obtained from previous studies 
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Figure 20. Fluctuations of water levels within the Upper Floridan aquifer near Dosson Lake, 
Halfmoon Lake, and Round Lake. (Well construction data and index number are shown in 
appendix A and location of wells is shown in figures 3-5.)
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(Winter, 1981; Lee and Swancar, 1997; Sacks and 
others, 1998; Swancar and others, 2000). The uncer-
tainty for ground-water augmentation was 5 percent, 
based on frictional loss through a pipe (Driscoll, 1986).

To determine net ground-water flow (Gnet , 
ground-water inflow minus ground-water outflow), the 
water budget equation (eq. 1) was rearranged as follows:

Gnet = Gi - Go = ∆S - P + E - A - Si + So (2)

where Gnet is positive when ground-water inflow 
exceeds ground-water outflow. Likewise, Gnet is nega-
tive when ground-water outflow exceeds ground-water 
inflow. Because net ground-water flow is computed as 
a residual to the rest of the budget, the net ground-water 
flow term (Gnet ) incorporates all of the uncertainties in 
the other water-budget terms. Assuming that the errors 
in the other water-budget terms are independent, the 
uncertainty in Gnet (or the standard deviation around 
Gnet ) is the square root of the sum of the squared indi-
vidual uncertainties (Winter, 1981):

  (3)

where eGnet is the uncertainty (standard deviation) in 
net ground-water flow. When net ground-water flow is 
small, the cumulative uncertainty in the other water-
budget terms can exceed the computed net ground-
water flow. 

Monthly water-budget terms, including monthly 
net ground-water flow (Gnet ) and uncertainty (eGnet ) 
for Dosson Lake, Halfmoon Lake, and Round Lake, 
respectively, are listed in tables 3-5.

Lake Storage

Dosson Lake, Halfmoon Lake, and Round Lake 
were instrumented with water-level recorders that mea-
sured the lake level every 15 minutes to ±0.01 ft from 
June 1996 through May 1999 (fig. 21a). Bathymetric 
and lake-level data were used to calculate lake surface 
areas and volumes for the three lakes and these rela-
tions were used in the computation of the lake water 
budgets. When lake levels exceeded the range of 
bathymetric data, supplemental stage-area data were 
obtained from 1 ft contour maps.

The average level of Dosson Lake was 52.19 ft 
for the study period and levels ranged from 49.52 ft 
(May 28-29, 1999) to 55.06 ft (December 14, 1997). 

eGnet e∆S2 eP2 eE2 eA2 eSi
2 eSo

2+ + + + +=

The lake volume varied from 2,417,400 to 4,905,050 
cubic feet (ft3) or a volume change of approximately 
51 percent for the 5.54-ft lake-level change (fig. 21b). 

 The average level of Halfmoon Lake was 42.36 ft 
for the study period and levels ranged from 40.04 ft 
(June 26, 1997) to 46.19 ft (February 20-22, 1998). The 
lake volume ranged from 9,765,670 to 19,603,370 ft3 
or a volume change of approximately 50 percent for the 
6.15-ft lake-level change (fig. 21b). 

The average level of Round Lake was 53.10 ft 
for the study period and levels ranged from 51.47 ft 
(July 7, 1998) to 55.83 ft (February 21, 1998). The lake 
volume ranged from 3,000,730 to 5,176,900 ft3 or a 
volume change of approximately 42 percent for the 
4.36-ft lake-level change. There was little deviation 
from the artificially maintained lake level of 53 ft during 
the study, except during the El Niño period and when 
the augmentation well collapsed (fig. 21a). 

Rainfall

Rainfall was measured at each lake and at the 
Section 21 well field climate station using storage and 
tipping-bucket rain gages (figs. 3, 4, and 5). The stor-
age rain gages were considered more accurate than the 
tipping-bucket rain gages, which usually underesti-
mated the daily rainfall totals. Observer readings were 
collected from storage rain gages on a biweekly basis 
and were used for the monthly rainfall totals. The 
15-minute and daily totals from tipping gages were 
used to determine when the actual rainfall events 
occurred. 

Storage rain gages were installed in December 
1997 at each of the three lakes. Before December 1997, 
the monthly storage rainfall accumulations at the Sec-
tion 21 well field climate station were used for Dosson 
Lake and Round Lake. An auxiliary rainfall site at Sec-
tion 21 well field, maintained by SWFWMD, was used 
to supplement missing data at the climate station. The 
average rainfall from the Section 21 climate station and 
the Cosme-Odessa well field was used for Halfmoon 
Lake, until the storage rain gage was installed at the 
lake in December 1997. Cosme-Odessa well field is 
located 2 mi due west of Halfmoon Lake and Section 
21 well field is approximately 2 mi northeast of Half-
moon Lake. Uncertainties in monthly rainfall were 
higher when nearby auxiliary rain gages were used 
(10-15 percent), compared to when storage rain gages 
were used at the lake (5 percent). 
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Table 3. Monthly water-budget terms, computed net ground-water flow, and estimated uncertainty or error associated 
with the computed net ground-water flow for Dosson Lake, June 1996 through May 1999

[Units in inches unless otherwise noted; ∆S, change in lake storage; P, precipitation; E, evaporation; Si , surface-water 
inflow; So , surface-water outflow; Gnet , net ground-water flow (ground-water inflow minus outflow); eGnet , uncertainty 
or error in net ground-water flow; Av Sa, average surface area in square feet, --, not determined. An asterisk (*) indicates 
the month or part of the month where the level of Dosson Lake was above 52.78 feet; during these periods, the combined 
Dosson-Sunshine Lake volume and surface area was used to estimate the water budget]

Date ∆S P E Si So Gnet eGnet Av Sa

Dosson Lake

Jun-96 3.9 7.5 6.2 -- 0.8* 3.4 1.5    881,444

Jul-96 -1.6 3.7 6.0 -- 6.7* 7.3 3.6 1,170,237

Aug-96 -0.5 5.1 5.9 -- 0.1* 0.5 1.3 1,034,449

Sep-96 0.6 6.5 5.1 -- 0.1* -0.6 1.2    986,513

Oct-96 0.2 3.5 4.2 -- 8.5* 9.5 4.3 1,168,776

Nov-96 -3.3 0.8 3.7 -- 0.1* -0.4 0.8    927,917

Dec-96 -1.6 2.4 2.4 -- -- -1.6 0.5    745,952

Jan-97 -2.2 1.8 2.5 -- -- -1.5 0.5    628,312

Feb-97 -3.8 0.5 2.2 -- -- -2.0 0.5    546,525

Mar-97 -5.8 1.9 4.3 -- -- -3.4 0.9    470,584

Apr-97 2.8 7.9 4.9 -- -- -0.3 1.3    443,533

May-97 -5.0 2.6 5.4 -- -- -2.2 1.1    450,920

Jun-97 -5.6 4.8 5.8 -- -- -4.6 1.3    438,278

Jul-97 9.6 12.5 6.0 -- -- 3.1 1.8    401,438

Aug-97 7.5 5.1 5.9 -- --- 8.3 1.3    608,854

Sep-97 18.2 10.6 5.2 0.2 2.3* 14.9 2.1    598,242

Oct-97 8.8 8.1 4.6 0.7 11.6* 16.3 5.9 1,207,231

Nov-97 -2.6 4.2 2.8 16.0 45.3* 25.3 24.0 1,246,889

Dec-97 4.9 16.9 2.4 22.2 51.4* 19.6 28.0 1,456,158

Jan-98 -5.8 5.8 1.7 16.6 46.5* 20.0 24.7 1,254,714

Feb-98 0.9 11.0 2.5 17.2 43.5* 18.7 23.4 1,330,734

Mar-98 -5.8 6.8 3.9 13.3 39.1* 17.1 20.7 1,264,785

Apr-98 -7.1 0.1 4.7 0.4 6.2* 3.3 3.2 1,111,239

May-98 -6.9 1.5 5.2 -- -- -3.2 1.1   684,249

Jun-98 -10.7 1.2 6.6 -- -- -5.3 1.4    481,859

Jul-98 12.3 12.5 5.9 -- -- 5.7 1.5    578,158

Aug-98 6.0 7.7 5.9 1.1 13.6* 16.7 6.9 1,110,765

Sep-98 9.6 15.6 5.2     17.6 43.6* 25.3 23.6 1,363,544

Oct-98 -13.3 0.2 4.4 4.1 18.0* 4.7 9.3 1,196,493

Nov-98 -2.3 1.2 3.3 -- 0.1* -0.2 0.7    954,098

Dec-98 -2.4 1.6 2.4 -- -- -1.7 0.5    726,099

Jan-99 0.3 3.2 2.1 -- -- -0.7 0.5    659,001

Feb-99 -4.4 0.2 2.4 -- -- -2.2 0.5    595,714

Mar-99 -5.6 1.3 4.1 -- -- -2.9 0.9    492,487

Apr-99 -9.6 1.0 4.8 -- -- -5.7 1.1    446,462

May-99 -7.2 3.9 5.3 -- -- -5.7 1.1    432,419

Period of Record (June 1996 through May 1999)

Total -18.2 181 156 109 337 185 181    835,974

19961

1 June 1, 1996 through May 31, 1997 (below average rainfall).

-12.2 44.2 52.9 0.0 16.3 12.8 14.1    787,930

19972

2 June 1, 1997 through May 31, 1998 (above average rainfall, El Niño year).

5.4 87.3 50.7 86.5 246 128 131    966,901

19983

3 June 1, 1998 through May 31, 1999 (average rainfall). 

-14.4 49.5 52.3 22.8 75.2 41.0 40.8    753,092
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Table 4. Monthly water-budget terms, computed net ground-water flow, and estimated uncertainty or error 
associated with the computed net ground-water flow for Halfmoon Lake, June 1996 through May 1999

[Units in inches unless otherwise noted; ∆S, change in lake storage; P, precipitation; E, evaporation; So , surface-
water outflow; Gnet , net ground-water flow (ground-water inflow minus outflow); eGnet , uncertainty or error in net 
ground-water flow; Av Sa, average surface area in square feet, --, not determined] 

Date ∆S P E So Gnet eGnet Av Sa

Halfmoon Lake

Jun-96 2.9 9.1 6.2 -- 0.0 1.8  1,466,174

Jul-96 -2.5 4.9 6.0 -- -1.4 1.4  1,479,718

Aug-96 3.5 6.7 5.9 -- 2.8 1.6  1,480,798

Sep-96 -0.5 5.8 5.1 -- -1.2 1.4  1,480,476

Oct-96 -1.8 2.6 4.2 -- -0.2 0.9  1,483,112

Nov-96 -5.5 1.0 3.7 -- -2.8 0.8  1,462,610

Dec-96 -0.4 2.9 2.4 -- -0.9 0.6  1,453,531

Jan-97 -2.7 2.0 2.5 -- -2.2 0.6  1,442,459

Feb-97 -3.7 0.7 2.2 -- -2.2 0.5  1,427,739

Mar-97 -5.1 1.7 4.3 -- -2.4 0.9  1,404,117

Apr-97 1.5 8.2 4.9 -- -1.8 1.6  1,380,683

May-97 -4.1 1.6 5.4 -- -0.4 1.1  1,387,407

Jun-97 -5.6 5.3 5.8 -- -5.2 1.4  1,361,893

Jul-97 12.6 12.2 6.0 -- 6.4 2.3  1,385,036

Aug-97 0.6 4.4 5.9 -- 2.1 1.3  1,427,108

Sep-97 7.9 11.2 5.2 -- 1.8 2.0  1,411,728

Oct-97 5.6 6.6 4.6 -- 3.6 1.4  1,454,167

Nov-97 4.4 4.2 2.8 -- 3.0 0.9  1,489,735

Dec-97 30.9 15.9 2.4 -- 17.4 1.8  1,609,702

Jan-98 5.3 4.8 1.7 -- 2.3 0.5  1,983,675

Feb-98 0.9 11.2 2.5 8.4 0.5 4.3  2,150,375

Mar-98 -23.5 7.5 3.9 34.2 7.2 17.2  1,665,516

Apr-98 -7.5 0.1 4.7 -- -2.9 1.0  1,571,775

May-98 -8.5 1.1 5.2 -- -4.4 1.1  1,514,979

Jun-98 -9.6 0.8 6.6 -- -3.7 1.4  1,473,478

Jul-98 14.0 13.7 5.9 -- 6.1 1.5  1,489,778

Aug-98 4.5 7.5 5.9 -- 2.9 1.3  1,535,483

Sep-98 4.7 13.9 5.2 13.2 9.1 6.7  1,562,399

Oct-98 -6.9 0.5 4.4 4.2 1.3 2.3  1,552,393

Nov-98 -4.2 1.2 3.3 -- -2.1 0.7  1,520,790

Dec-98 -3.8 1.6 2.4 -- -3.1 0.5  1,496,516

Jan-99 -0.1 3.3 2.1 -- -1.3 0.5  1,488,062

Feb-99 -5.4 0.3 2.4 -- -3.4 0.5  1,476,175

Mar-99 -4.9 1.5 4.1 -- -2.3 0.9  1,452,777

Apr-99 -7.7 0.9 4.8 -- -3.8 1.0  1,424,065

May-99 -5.2 3.9 5.3 -- -4.1 1.1  1,385,714

Period of Record (June 1996 through May 1999)

Total -18.0 181 156 60.0 17.1 46.9  1,506,448

19961

1 June 1, 1996 through May 31, 1997 (below average rainfall).

-18.1 47.2 52.9 0.0 -12.4 12.8  1,445,735

19972

2 June 1, 1997 through May 31, 1998 (above average rainfall, El Niño year).

22.1 84.5 50.7 42.6 30.9 25.1  1,585,474

19983

3 June 1, 1998 through May 31, 1999 (average rainfall).

-24.2 49.0 52.3 17.4 -3.5 13.9  1,488,136
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Table 5. Monthly water-budget terms, computed net ground-water flow, and estimated uncertainty or error associated with 
the computed net ground-water flow for Round Lake, June 1996 through May 1999

[Units in inches unless otherwise noted; ∆S, change in lake storage; P, precipitation; E, evaporation; Si , surface-water inflow; 
A, ground-water augmentation; Gnet , net ground-water flow (ground-water inflow minus outflow); eGnet , uncertainty or error 
in net ground-water flow; Av Sa, average surface area in square feet, --, not determined]

Date ∆S P E Si A Gnet eGnet Av Sa

Round Lake

Jun-96 0.6 7.5 6.2 -- 14.9 -15.7 1.6  474,942

Jul-96 -3.2 3.7 6.0 -- 15.5 -16.4 1.5     473,102

Aug-96 -0.2 5.1 5.9 -- 19.8 -19.2 1.6     470,607

Sep-96 -0.1 6.5 5.1 -- 18.7 -20.2 1.5     467,688

Oct-96 2.4 3.5 4.2 -- 18.4 -15.3 1.3     472,840

Nov-96 -3.1 0.8 3.7 -- 18.3 -18.5 1.2     470,745

Dec-96 -0.1 2.4 2.4 -- 19.9 -20.0 1.1     468,821

Jan-97 -0.8 1.8 2.5 -- 19.1 -19.2 1.1     466,792

Feb-97 -1.9 0.5 2.2 -- 18.0 -18.2 1.0     465,147

Mar-97 -3.3 1.9 4.3 -- 20.0 -20.9 1.3     459,515

Apr-97 8.1 7.9 4.9 -- 24.5 -19.5 1.8     459,051

May-97 1.7 2.6 5.4 -- 26.3 -21.8 1.7     472,397

Jun-97 1.8 4.8 5.8 -- 26.2 -23.5 1.8     474,265

Jul-97 1.1 12.5 6.0 -- 15.3 -20.7 1.9     478,104

Aug-97 -2.8 5.1 5.9 -- 18.8 -20.7 1.6     476,784

Sep-97 7.8 10.6 5.2 -- 20.9 -18.6 1.9     475,950

Oct-97 -1.1 8.1 4.6 -- 10.7 -15.2 1.3     479,622

Nov-97 -5.5 4.2 2.8 -- 3.0 -9.9 0.8     480,095

Dec-97 29.5 17.1 2.4 11.4 0.0 3.4 6.0     496,263

Jan-98 -4.0 5.5 1.7 -- 0.0 -7.7 0.5     556,203

Feb-98 6.0 12.4 2.5 -- 0.0 -4.0 0.8     561,419

Mar-98 -6.7 6.8 3.9 -- 0.0 -9.6 0.9     549,325

Apr-98 -12.7 0.1 4.7 -- 0.0 -8.1 1.6     517,493

May-98 -7.0 1.7 5.2 -- 11.7 -15.1 1.4     478,756

Jun-98 -19.5 2.4 6.6 -- 1.3 -16.6 2.4     465,832

Jul-98 -1.7 11.6 5.9 -- 0.0 -7.4 1.3     447,660

Aug-98 17.9 9.2 5.9 -- 21.4 -6.8 1.9     464,138

Sep-98 7.4 15.3 5.2 -- 1.4 -4.2 1.3     482,598

Oct-98 -9.3 0.2 4.4 -- 3.3 -8.3 1.0     482,643

Nov-98 -2.3 1.1 3.3 -- 13.0 -13.1 0.9     475,300

Dec-98 -0.8 1.8 2.4 -- 14.7 -15.0 0.9     472,354

Jan-99 1.5 3.1 2.1 -- 15.4 -14.8 0.9     471,854

Feb-99 0.2 0.2 2.4 -- 17.4 -15.0 1.0     471,424

Mar-99 1.2 1.2 4.1 -- 25.4 -21.3 1.5     472,629

Apr-99 -8.0 1.1 4.8 -- 12.7 -17.0 1.2     462,847

May-99 -1.4 3.1 5.3 -- 30.3 -29.5 1.9     464,500

Period of Record (June 1996 through May 1999)

Total -8.8 183 156 11.4 496       -544 42.5     479,992

19961

1 June 1, 1996 through May 31, 1997 (below average rainfall).

-0.2 44.2 52.9 0.0 233       -225 16.4     468,471

19972

2 June 1, 1997 through May 31, 1998 (above average rainfall, El Niño year).

5.5 88.7 50.7 11.4 107 -151 14.4     502,023

19983

3 June 1, 1998 through May 31, 1999 (average rainfall).

-14.6 50.2 52.3 0.0 156 -169 13.3     469,481
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Total rainfall for the 3-year data-collection 
period was 183.6 inches (in.) at the Section 21 climate 
station; monthly rainfall is shown in figure 22. Monthly 
rainfall at Section 21 well field varied from 0.1 in. in 
April 1998 to 18.0 in. in December 1997. The rainfall 
varied seasonally with most of the rainfall occurring 
during the summer months except for the high rainfall 
associated with the El Niño period. The highest daily 
rainfall amount for the 3-year data-collection period 
was 5.08 in. on September 27, 1997. Annual rainfall 
totals at the climate station were 44.2, 90.8, and 48.6 
in. for June 1996 through May 1997, June 1997 
through May 1998, and June 1998 through May 1999, 
respectively. The annual rainfall totals at the three lakes 
were within 7 percent of each other (tables 3-5).

Evaporation

Two data approaches were used to determine the 
monthly lake evaporation rates at the study lakes. 
These approaches included the use of pan evaporation 
data from Section 21 well field and energy-budget data 
from Lake Starr, located approximately 60 mi to the 
east. Large discrepancies were noted between the two 
lake evaporation estimates. Because the energy-budget 
method is considered to be the most accurate method 
for measuring evaporation from lakes for periods of a 
week or longer (Winter, 1981), the energy-budget lake 
evaporation rates were used in the water-budget calcu-
lations for the study lakes. The effects of using the pan 
evaporation data on the net ground-water flow calcula-
tions are discussed in a later section.

At Section 21 well field (Lake Park), a National 
Weather Service class-A pan was used to measure pan 
evaporation. Pan water levels, rainfall, windspeed, pan 
and air temperature, relative humidity, and barometric 
pressure were measured every 15-minutes. Lake evap-
oration was then estimated by multiplying the mea-
sured pan evaporation by a pan coefficient. The ratio of 
annual evaporation from a shallow lake to that from a 
pan (pan coefficient) is estimated at 0.74 in central 
Florida (Farnsworth and others, 1982). Recent studies 
of lakes in central Florida by Sacks and others (1994), 
Lee and Swancar (1997), and Swancar and others 
(2000) report annual pan coefficients ranging from 
0.62 to 0.89. 

Lake evaporation at Section 21 well field for 
August 1996 through July 1997 was 33 in/yr using an 
annual pan coefficient of 0.74. Another pan evapora-
tion site located 5 mi north of Section 21 well field 
(Lake Como) had a lake evaporation rate of 37 in/yr 
during the same period using a pan coefficient of 0.74. 
These annual rates were considered low, because pub-
lished estimates of annual lake evaporation in the 
Tampa area average 50 in. (Kohler and others, 1959). 
Large differences were also noted between these pan 
evaporation rates and the energy-budget evaporation 
rate at Lake Starr (57 in/yr for the same time period; 
Swancar and others, 2000). Uncertainty in the pan 
evaporation data is possibly related to the pan opera-
tion or local micro-climatic conditions surrounding the 
pan, which results in unreliable data (Allen and others, 
1998). Therefore, the energy-budget evaporation data 
from Lake Starr was used, but modified to reflect tem-
perature differences in the study area. 

Differences in coastal and inland air tempera-
tures were considered when using the Lake Starr 
energy-budget data (Nixon and Lawless, 1968). Two 
inland weather sites (Lake Starr and Lakeland National 
Oceanic and Atmospheric Administration weather sta-
tion) had average temperatures of 0.6 and 2.4 degrees 
Fahrenheit (°F) higher than Section 21 climate station 
for a 2-year comparison period. An evapotranspiration 
equation developed by Jenson (1974) was used to 
adjust evaporation rates at Lake Starr based on temper-
ature differences. Equations developed for potential 
evapotranspiration from vegetation are commonly used 
to determine evaporation from open water (Winter and 
Rosenberry, 1995). The Jensen-Haise equation is:
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Figure 22. Monthly rainfall at Section 21 well field 
climate station, June 1996 through May 1999.
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 PET = (6.73 x 10-4) (0.014Ta - 0.50) (Qs) (2.54),  (4)

where PET in inches per month (in/mo) is evaporation 
or potential evapotranspiration, Ta is air temperature at 
Lake Starr, in °F, and Qs is solar radiation at Lake Starr 
(in calories per square centimeter per day). A tempera-
ture decrease of 1.5 °F was used based on the average 
temperature difference between Section 21 climate sta-
tion temperature and the two inland weather sites. 
Based on the potential evapotranspiration equation, 
lowering the average temperature by 1.5 °F lowered the 
monthly Lake Starr energy-budget evaporation rates by 
8 percent. Therefore, an 8 percent reduction in Lake 
Starr evaporation rates was used in water-budget calcu-
lations. For periods when monthly energy budget data 
was not available, the 2-yr monthly average of Lake 
Starr data was used in water-budget calculations. 

Total evaporation for the 3-year data-collection 
period was 156 in., using the reduced evaporation 
rates derived at Lake Starr. Annual evaporation totals 
were 52.9, 50.7, and 52.3 in. for June 1996 through 
May 1997, June 1997 through May 1998, and June 
1998 through May 1999, respectively. Monthly evapo-
ration rates had a seasonal trend with the highest rate 
in June 1998 (6.6 in/mo) and lowest in January 1998 
(1.7 in/mo) (tables 3-5). 

Augmentation

Augmentation water from the Upper Floridan 
aquifer is pumped into Round Lake when the lake level 
falls below an elevation of approximately 53 ft above 
sea level. A saddle-type flowmeter totals the amount of 
discharge from the well, and pumpage volumes were 
recorded on a biweekly basis. The total augmentation 
at Round Lake for the 3-year study period was approx-
imately 146 Mgal (equivalent to 496 in. over the lake 
surface area, table 5). This volume is enough to fill the 
lake approximately 5.6 times. Annual augmentation 
rates were 68.1 Mgal (233 in.), 31.7 Mgal (107 in.), 
and 45.7 Mgal (156 in.) for June 1996 through May 
1997, June 1997 through May 1998, and June 1998 
through May 1999, respectively. Figure 23a shows 
the monthly augmentation rates for June 1996 through 
May 1999. The average monthly ground-water aug-
mentation rate for the study period was 4.1 Mgal per 
month (553,819 cubic feet per month (ft3/mo) or 
13.8 in/mo). The monthly augmentation rates ranged 
from 0 gallons when the lake was not augmented, to 

8.8 Mgal per month (1,172,086 ft3/mo or 30.3 in/mo) in 
May 1999. The lake was not augmented from January 
through April 1998, due to high lake levels from the 
El Niño rainfall events, and from June 11 through 
July 31, 1998, when the augmentation well collapsed. 
A new well was drilled during this time and augmenta-
tion resumed in August 1998. Well construction infor-
mation for the old and new augmentation well is listed 
in appendix A as index number 26 and 133, respectively. 

The monthly augmentation volume can be 
expressed as a percentage of total lake volume for 
each month of the study. The month’s augmentation 
volume ranged from 0 percent of the total lake volume 
in January 1998 through April 1998 and July 1998 to 
35 percent in May 1999 (fig. 23b). The average 
monthly percentage of augmentation water to lake-
water volume was 16 percent for the study period.
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Figure 23. (A) Monthly ground-water augmentation rates 
and (B) monthly percentage of ground-water augmentation 
in relation to the lake volume for Round Lake, June 1996 
through May 1999.
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Surface-Water Inflows and Outflows 

All three lakes had some surface-water inflow or 
outflow during the study, predominately during the 
high rainfall events of El Niño (tables 3-5). Storm-water 
runoff into the three lakes was considered negligible 
because of the relatively flat topography and the per-
meable surficial sand in the basins. Drainage ditches 
and grassy swales located along the residential streets 
retain most of the surface-water runoff from nearby 
roadways. The surface-water flows of the three lakes 
are summarized in the following sections. 

Dosson Lake

Dosson Lake had the most surface-water inflows 
and outflows of the study lakes. The higher surface-
water flows can be attributed to the drainage patterns 
and land use surrounding Dosson Lake. The undevel-
oped wetlands to the north and south of Dosson Lake 
are relatively flat and swampy, and the natural drainage 
patterns have not been significantly altered for residen-
tal development as they have been at Halfmoon Lake 
and Round Lake. During high rainfall periods, surface 
water originating in the wetlands to the north of Dos-
son Lake flows south through several undefined chan-
nels and eventually reaches the lake. A shallow, poorly 
maintained drainage ditch in the wetlands to the south 
of Dosson Lake carries surface-water flow to Sunshine 
Lake (fig. 3). Surface water flows southeast out of Sun-
shine Lake through a concrete control structure and 
continues in a southeasterly direction through a series 
of wetlands, eventually reaching Brushy Creek.

The surface-water flow patterns at Dosson Lake 
were dependent on the lake levels of Lake Darby and 
Sunshine Lake. When the lake level was below 52.30 ft 
above sea level, there were no surface-water inflows or 
outflows at Dosson Lake and each of the surrounding 
lakes were independent of one another. When the lake 
level at Dosson Lake was between 52.30 and 52.78 ft 
above sea level, water from Dosson Lake flowed south 
into Sunshine Lake through the shallow drainage ditch 
and spilled over into the adjacent, low-lying wetlands 
(fig. 3). During these periods, the surface-water out-
flow (discharge) rate to Sunshine Lake was calculated 
using the Manning equation (Chow, 1959) as follows:

 AR 2/3 Sf
1/2,  (5)Q 1.486

n
-------------=

where Q is discharge, in cubic feet per second; n is the 
roughness coefficient, dimensionless; A is the cross-
sectional area, in square feet; R is the hydraulic radius, 
in feet; and Sf is the friction slope, in foot per foot. 
The variables A and R were estimated based on channel 
geometry and the topography in the wetlands; n was 
estimated based on values from Gillen (1996); and Sf 
was estimated from the difference in stage and the lat-
eral distance between Sunshine Lake and Dosson Lake. 

When Dosson Lake exceeded a level 52.78 ft 
above sea level, outflow from Sunshine Lake occurred, 
and the Sunshine Lake outlet became the dominant 
hydraulic control for outflow at Dosson Lake. As a 
result, Dosson Lake and Sunshine Lake became a single 
water body above the 52.78 ft level, and the combined 
lake volume and surface area were used to estimate 
outflow and the water budget for Dosson Lake. The 
friction slope (Sf ) for the connected lakes was com-
puted using data from a discharge measurement made at 
the Sunshine Lake outflow on March 9, 1998, when the 
stage of the connected lakes was 53.64 ft above sea 
level. Periodic surface-water outflows at Dosson Lake 
ranged from 6,100 ft3 (0.1 in/mo) during August 1996, 
September 1996, November 1996, and November 
1998, to 6,240,000 ft3 (51.4 in/mo) during December 
1997 (table 3). 

When the level of Lake Darby exceeded 53 ft 
above sea level, the lake flooded the wetlands to the 
north of Dosson Lake, and this water eventually flowed 
into Dosson Lake through a series of undefined chan-
nels. These surface-water inflows into Dosson Lake 
were dependent on the levels of Lake Darby and were 
computed using the Manning equation (eq. 5). Periodic 
surface-water inflow to Dosson Lake ranged from 
11,000 ft3 (0.2 in/mo) during September 1997 to 
2,694,000 ft3 (22.2 in/mo) during December 1997 
(table 3).

Halfmoon Lake

There are no surface-water inflow sources to 
Halfmoon Lake, but water was pumped out of Half-
moon Lake between February and March 1998 to 
alleviate flooding conditions during the El Niño period. 
Pumping records from the Hillsborough County storm-
water office, the lake hydrograph, and stage-volume 
relations were used to quantify the pumpage from the 
lake. Based on these analyses, approximately 
6,248,300 ft3 (42.6 in.) of water was pumped out of 
Halfmoon Lake.
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 A high-water weir outlet was installed on the 
northwestern side of the lake in June 1998 in response 
to the El Niño flooding (fig. 4). This outlet carries 
overflow from Halfmoon Lake to Rocky Creek through 
a drainage canal when the lake level rises above 43.45 ft 
above sea level. Surface-water outflow occurred during 
September and October 1998 because of high rainfall 
during September 1998. The surface-water outflow 
during this time was computed using the broad-crested 
weir flow equation (Brater and King, 1976) (eq. 6):

Q = CLH 3/2,  (6)

where Q is weir discharge, in cubic feet per second 
(ft3/s); C is the weir coefficient (2.695 to 2.715); L is 
the length of weir; and H 3/2 is head, height of the lake 
level above weir elevation of 43.47, in feet. Approxi-
mately 2,258,000 ft3 (17.4 in.) of lake water was 
removed by the outflow structure during September and 
October 1998 (table 4). 

Round Lake

There is no surface-water outlet for Round Lake, 
but during very high water levels, surface water enters 
Round Lake from a drainage ditch at the northeast end 
of the lake (fig 5). This canal carries overflow from 
Saddleback Lake to Round Lake when the level of 
Saddleback Lake rises above 54.94 ft above sea level. 
Although this level is seldom reached, overflow 
occurred from Saddleback Lake to Round Lake during 
the high rainfall events of El Niño (December 16-27, 
1997). This overflow was computed based on the 
cross-sectional area of the drainage ditch and an esti-
mated flow velocity of 0.7 feet per second (ft/s). This 
velocity was estimated based on a similar flow mea-
surement made at Dosson Lake. Based on this compu-
tation, approximately 470,000 ft3 (11.4 in/mo) of 
surface-water inflow occurred during December 1997 
from Saddleback Lake to Round Lake (table 5). 

Net Ground-Water Flow 

Net ground-water flow results provide insight into 
the differences in ground-water exchange between the 
augmented lake (Round Lake) and the non-augmented 
lakes (Dosson Lake and Halfmoon Lake) (fig. 24a-c; 
tables 3-5). The 3-year data-collection period (June 
1996 through May 1999) encompassed a wide range in 
weather conditions including a below average, an 

extremely high, and an average rainfall year. These 
weather conditions helped characterize the localized 
ground-water responses at each lake basin. When the 
uncertainty or error (eGnet ) was greater than or equal 
to the monthly net ground-water flow rate (Gnet ), that 
flow rate was not considered in the following monthly 
net ground-water flow section (tables 3-5). 

Monthly Net Ground-Water Flow 

Net ground-water inflow to Dosson Lake 
occurred in 12 of the 36 months (33 percent) of the 
data-collection period (fig. 24a; table 3). Most of the 
net ground-water inflow at Dosson Lake occurred dur-
ing the rainy summer months and during the El Niño 
period (October 1997 through March 1998). Dosson 
Lake had the highest magnitude of net ground-water 
inflow for the study lakes. These high ground-water 
inflow rates may be related to ground-water inflow 
from the adjacent wetlands during and following high 
recharge. Even though the uncertainty or error in net 
ground-water flow increased during the occurrence of 
surface-water flows, the net ground-water flow rates 
provided a valuable insight into ground-water/lake 
interactions during these high recharge periods. Net 
ground-water outflow at Dosson Lake occurred in 14 
of 36 months, or 39 percent, of the data-collection 
period (table 3). Net ground-water outflow generally 
occurred during the low recharge periods of the winter 
and spring months.

Net ground-water inflow occurred in fewer 
months at Halfmoon Lake than at Dosson Lake (10 of 
36 months, or 28 percent, of the data-collection period) 
(fig. 24b; table 4). Net ground-water inflow at Half-
moon Lake also occurred during the summer months 
and during the El Niño period, but the magnitude of net 
ground-water inflow was typically lower than at Dosson 
Lake. Net ground-water outflow occurred more often at 
Halfmoon Lake than at Dosson Lake (17 of 36 months, 
or 47 percent, of the data-collection period). When net 
ground-water outflow occurred at both Halfmoon Lake 
and Dosson Lake, the magnitude (in inches) was very 
similar for 11 of 13 months. 

In contrast to the non-augmented lakes, net 
ground-water outflow dominated the water budget at 
Round Lake (35 of 36 months) (fig. 24c; table 5). 
Monthly net ground-water outflow at Round Lake 
was an average of 8 times greater than monthly net 
ground-water outflow at Dosson and Halfmoon Lakes. 
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Net ground-water outflow exceeded inflow from aug-
mentation during 17 of 36 months, or 47 percent, of the 
data-collection period (fig. 24c; table 5). Local ground-
water pumping, augmentation, and hydrogeologic factors 
are responsible for the higher net ground-water outflow 
at Round Lake. As a result of localized ground-water 
pumping, the head difference between the lake and the 
Upper Floridan aquifer increases, which increases lake 
leakage and results in lowered lake levels. Augmenting 
the lake further increases the head difference between 
the lake, the water table, and the Upper Floridan aqui-
fer, which results in an increase in lateral and vertical 
outflow from the lake. The lack of confinement or 
breaches in the intermediate confining unit facilitates 
the downward movement of this augmented lake water 
back into the Upper Floridan aquifer.

Variables Influencing Net Ground-Water Flow

Relations between monthly net ground-water 
flow and a number of external hydrologic variables were 
examined to determine what influences net ground-
water flow at the three lakes (table 6). The variables 
include: lateral head gradient between the lake and the 
water-table, vertical head difference between the lake 
and the Upper Floridan aquifer, monthly rainfall, percent 
of the lake perimeter that potentially receives ground-
water inflow, and augmentation rate (for Round Lake). 
The strengths of the linear relations (r2 values) and 
graphical analysis were used to determine which hydro-
logic variables most influenced the magnitude and direc-
tion of monthly net ground-water flow at the three lakes. 
The basic hydraulic principal of Darcy’s Law was 
explored in these analyses, in which net ground-water 
flow is correlated to the hydraulic gradient in the aqui-
fers around the lake and the lake bed area through which 
ground-water flow occurs. All regressions presented are 
significant to an alpha level (α level) of 0.05. 

A strong linear correlation between monthly net 
ground-water flow and monthly average lateral head 
gradient was observed for all three lakes. This strong 
correlation indicates that lateral flow within the surfi-
cial aquifer had a significant effect on net ground-water 
flow at the lakes (table 6). The linear relations for 
Dosson Lake improved when monthly data were sub-
divided into two groups based on surface-water inflow 
conditions (table 6). These improved linear relations 
illustrate how the lake level is more “flashy” when 
surface-water inflow occurs, which affects the lateral 
head gradient.

Round Lake had the best correlation of the study 
lakes between monthly net ground-water flow and the 
monthly average head difference between the lake and 
the Upper Floridan aquifer (r2 = 0.72; table 6). This 
correlation illustrates the importance that the heads in 
Upper Floridan aquifer have on ground-water outflow at 
Round Lake. As the vertical head difference increases 
between the lake and the Upper Floridan aquifer, more 
ground-water outflow occurs. This correlation was 
less significant for Dosson Lake and Halfmoon Lake 
(table 6), and is probably related to the greater impor-
tance of ground-water inflow in the net ground-water 
flow term than at Round Lake. This relation also indi-
cates that there is more confinement between the surfi-
cial aquifer and Upper Floridan aquifer at the two non-
augmented lakes, which limits vertical ground-water 
outflow.

Table 6. Summary of relations between monthly net ground-water 
flow and selected hydraulic variables

[r2, coefficient of determination between monthly net ground-water 
flow and hydraulic variables; all regressions significant to alpha level 
of 0.05; --, not applicable]

Hydraulic variables
Dosson

Lake
r2

Halfmoon
Lake

r2

Round
Lake

r2

Monthly head difference 
between the lake and the 
surficial aquifer1

20.84
30.75

0.82 0.79

Monthly head difference 
between the lake and the 
Upper Floridan aquifer4

0.34 0.30 0.72

Monthly rainfall 0.41 0.62 0.24

Percentage of lake 
perimeter that receives 
ground-water inflow

0.67 0.41 0.64

Augmentation -- -- 0.69

1 Monthly head differences were the average of continuous recorded daily 
water-level data for DL3 well (index number 75) at Dosson Lake and 
HML60 well (index number 69) at Halfmoon Lake; and monthly 
head differences were the average of weekly water-level measure-
ments at Berger Shallow well (index number 30).

2 For months without surface-water inflow.
3 For months with surface-water inflow.
4 Monthly head differences were the average of continuously recorded 

daily water-level data for DL1 well (index number 73) at Dosson 
Lake, HML59 well (index number 68) at Halfmoon Lake, and Berger 
Deep well (index number 29).
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The relation between monthly net ground-water 
flow and monthly rainfall differed at the three lakes. 
Halfmoon Lake had the best correlation between 
monthly rainfall and net ground-water flow (table 6). 
This correlation may indicate that the ground-water flow 
system at Halfmoon Lake responds more rapidly to 
recharge events. Dosson Lake had a less significant cor-
relation between net ground-water flow and monthly 
rainfall than Halfmoon Lake (table 6), which may be 
because of a slower release of water from storage in the 
wetlands adjacent to the lake following rainfall events. 
Round Lake had the least significant correlation between 
net ground-water flow and monthly rainfall because net 
ground-water flow at Round Lake is dominated by 
ground-water outflow (table 6). Rainfall primarily 
affects ground-water inflow, which is less important in 
the water budget of Round Lake.

Monthly net ground-water flow was significantly 
correlated to the percentage of the lake perimeter receiv-
ing ground-water inflow at each lake (table 6). Using 
monthly water-table maps, the percentage of the lake 
perimeter receiving ground-water inflow was approxi-
mated where the water table was higher than the lake 
level (fig. 25). As water levels increase in the surficial 
aquifer due to recharge, the part of the lake perimeter 
receiving ground-water inflow increases, which 
increases the magnitude of ground-water inflow to the 
lake. Increases in the inflow perimeter are likely the 
result of ground-water flow reversals, which tempo-
rarily cause ground-water inflow to occur along part of 
a lake perimeter that typically flows out. Ground-water 
flow reversals were documented all around Dosson 
Lake and on the west and south sides of Halfmoon 
Lake. At Round Lake, ground-water outflow occurred 
around the entire lake perimeter for much of the study. 
However, the water table was higher than the lake level 
along the eastern perimeter between October 1997 and 
November 1998 (fig. 25). The significant correlation 
between net ground-water flow and the percentage of 
the lake perimeter receiving ground-water inflow 
(r2 = 0.64) suggests that the lake received ground-
water inflow during wet periods of the study, even 
though net ground-water outflow predominated.

A significant linear correlation existed between 
the monthly augmentation rate at Round Lake and the 
monthly net ground-water flow (r2 = 0.69; table 6). 
The linear correlations improved with time when both 
net ground-water flow and monthly augmentation were 
cumulated on a 3-month, 6-month, and 9-month basis, 
(r2 = 0.87, 0.94, and 0.96, respectively). Because 

Round Lake resides in a very leaky geologic setting, 
net ground-water outflow is highly correlated to the 
amount of augmentation that enters the lake. Monthly 
augmentation was divided by net ground-water outflow 
to determine the potential amount of augmentation 
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water inflow for Dosson Lake, Halfmoon Lake, and Round 
Lake.



Water Budget 45

water that returns to the aquifer system. During periods 
when the lake was routinely augmented, about 100 per-
cent of the augmentation water leaked back to the aqui-
fer system, thus demonstrating the leaky ground-water 
system at Round Lake.

Annual Ground-Water Flow and 
Residence Time

A minimum estimate of total annual ground-
water inflow was determined at each lake, by summing 
all months in which net ground-water inflow was posi-
tive. Similarly, a minimum estimate of total annual 
ground-water outflow was determined using the sum of 
all of the months in which net ground-water flow was 
negative. This minimum ground-water inflow was then 
expressed as a percentage of the total inflows to the 
lake (%Gi ):

% , (7)

where P is precipitation, Gi is the minimum ground-
water inflow, Si is surface-water inflow, and A is aug-
mentation to the lake. The minimum ground-water out-
flow was similarly expressed as a percentage of the total 
water losses from the lake (%Go ):

Gi
Gi

P( Gi Si A )+ + +
-----------------------------------------=

% , (8)

where E is evaporation, Go is the minimum ground-
water inflow, and So is surface-water outflow or pumpage 
out of lake. 

Ground-water inflow for each of the three lakes 
was lowest during the lowest rainfall year and highest 
during the highest rainfall year (table 7). Annual 
ground-water inflow was highest at Dosson Lake and 
ranged from 32 to 46 percent of the total inflows, and 
averaged 40 percent for the 3-year study period. 
Annual surface-water inflows ranged from 18 to 27 
percent of total inflows at Dosson Lake. Annual 
ground-water inflow was lower at Halfmoon Lake than 
Dosson Lake and ranged from 6 to 34 percent of the 
total inflows, and averaged 23 percent for the 3-year 
study period. Annual ground-water inflow was negligi-
ble at Round Lake and was < 1 percent of total annual 
inflows. Augmentation to Round Lake accounted for 
51 to 84 percent of total annual inflows, and averaged 
70 percent for the 3-year study period.

Annual ground-water outflow also varied at each 
lake for the 3-year data-collection period (table 7). 
Ground-water outflow from Round Lake was substan-
tially higher than from the two non-augmented lakes, 
ranging from 75 to 81 percent of total annual outflows 

Go
Go

E( Go So )+ +
---------------------------------=

Table 7. Annual estimate of ground-water inflow and outflow for Dosson Lake, Halfmoon Lake, and Round Lake 

[Units in inches per year unless otherwise noted]

Period
Net 

ground-water
inflow1

1 Annual sum of positive monthly net ground-water flow in tables 3-5, which is the minimum estimate of ground-water inflow.

Error in 
ground-water

inflow

Percent 
ground-water

inflow2

2 Ground-water inflow, as percentage of total inflows.

Net
 ground-water

outflow3

3 Annual sum of negative monthly net ground-water flow in tables 3-5, which is the minimum estimate of ground-water outflow.

Error in
ground-water

 outflow

Percent
 ground-water

outflow4

4 Ground-water outflow, as percentage of total outflows.

Dosson Lake

June 96 - May 97 21 6 32 12 3 15

June 97 - May 98 146 55 46 8 2 3

June 98 - May 99 52 26 42 24 3 16

Halfmoon Lake

June 96 - May 97 3 2 6 15 4 23

June 97 - May 98 44 18 34 12 2 11

June 98 - May 99 19 7 28 24 3 25

Round Lake

June 96 - May 97 0 0 0 225 5 81

June 97 - May 98 3 6 2 153 5 75

June 98 - May 99 0 0 0 169 5 76
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(table 7). Ground-water outflow for the 3-year period 
was more than 10 times higher than for the non-aug-
mented lakes. Ground-water outflow was slightly 
greater at Halfmoon Lake than at Dosson Lake (table 7). 
Ground-water outflow from both Dosson Lake and 
Halfmoon Lake was greatest during the third water-
budget year, whereas ground-water outflow at Round 
Lake was greatest during the first year. 

Lake-water residence time is an estimate of the 
average time a molecule of water spends in the lake, 
and can be calculated by dividing the average lake vol-
ume by the sum of the annual inflows (Drever, 1982). 
The residence time can be used to determine how long 
it would take to flush a contaminant or the augmented 
water out of a lake. The residence time is most mean-
ingful when the lakes are in steady-state; therefore, 
residence time was computed for the 3-year data-
collection period.

Halfmoon Lake has the longest lake-water resi-
dence time of the three lakes (1.3 years), which is within 
the range of residence times reported for other lakes in 
Florida (0.95-5.3 years; Deevey, 1988 and 0.2-3.1 years, 
computed from data in Sacks and others, 1998). Dosson 
Lake has a much shorter residence time (0.3 year) 
because of the large ground-water and surface-water 
flows during the study. Round Lake has a similarly short 
residence time (0.4 year) due to the high volume of aug-
mentation water that is added to the lake each year and is 
subsequently lost by ground-water outflow. 

Evaluation of Net Ground-Water Flow Using 
Reduced Evaporation Rates

Uncertainties in the estimated lake evaporation 
rates were evaluated to determine the affects on the net 
ground-water flow results. The net ground-water flow 
term was calculated using a 42 percent reduction in 
lake evaporation rates, based on the pan evaporation 
data at Section 21 well field (eq. 2). When the evapora-
tion rates were lowered by 42 percent, net ground-
water inflow decreased and net ground-water outflow 
increased for the three lakes (fig. 26). The largest dis-
crepancies in net ground-water outflow estimates were 
during the high evaporation months of May through 
August, and the smallest discrepancies were during low 
evaporation months of December through February. 

Net ground-water flow estimates at Round 
Lake were relatively unaffected by the uncertainty in 
evaporation rates, because the annual net ground-water 
outflow rate was so large that a small increase in 
ground-water outflow was less significant (table 8). 
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Figure 26. Comparison between net ground-water 
flow used in the water-budget analysis and net ground-
water flow calculated with a 42 percent reduction in 
lake evaporation.
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For the non-augmented lakes, however, annual net 
ground-water outflow rates were much smaller than at 
Round Lake, and a small percentage change in evapo-
ration rates had a greater effect on net ground-water 
flow. Using a 42 percent reduced evaporation rate at 
Dosson Lake and Halfmoon Lake, annual net ground-
water outflow increased at the two lakes by 50 to 175 
percent and annual net ground-water inflow decreased 
by 15 to 67 percent (table 8). 

In order to increase the accuracy in water-budget 
results, additional studies are needed to determine 
accurate evaporation rates and pan coefficients for 
shallow lakes in coastal areas of west-central Florida. 
A better understanding also is needed about how lake 
evaporation is influenced by augmentation water. For 
example, in the summer months, the addition of rela-
tively cool augmentation water may reduce lake evapo-
ration, whereas in the winter months, the addition of 
relatively warm augmentation water may increase lake 
evaporation. Another factor that may influence evapo-
ration of the study lakes is whether lake evaporation is 
higher at a tannin-stained lake (such as Dosson Lake), 
which has warmer lake-surface temperatures during the 
summer, than at a clear-water lake.

WATER QUALITY

Water-quality and isotopic samples were col-
lected from the three lakes, one rainfall station, and 
selected wells located in the surficial aquifer, interme-
diate confining unit, and Upper Floridan aquifer. These 
water-quality data were used to define the hydrochem-
ical characteristics of the lakes and the surrounding 
ground-water system. Isotopic samples were used to 
determine flow patterns in the ground-water system 
surrounding the three lakes. 

Methods 

Lake-water and ground-water quality samples 
were collected at the three lake basins for the analysis 
of major ions, nutrients, and the stable isotopes deute-
rium and oxygen-18. Rainwater was collected at the 
Section 21 well field climate station for the analysis of 
deuterium and oxygen-18. Standard USGS protocols 
were used to collect lake water, ground water, and quality-
assurance samples (Wilde and others, 1998). Quality-
assurance samples were collected for approximately 
10 percent of the samples, including duplicate samples 

Table 8. Evaluation of annual net ground-water flow using a 42 percent reduction in lake evaporation for 
Dosson Lake, Halfmoon Lake, and Round Lake

[Units in inches per year]

Period
Net

 ground-water
 inflow1

1 Annual sum of net ground-water inflow used in the water-budget analysis.

Net
 ground-water
 inflow with a

42 percent 
reduction in

 evaporation2

2 Annual sum of net ground-water inflow with a 42 percent reduction in evaporation.

Percent
 change

Net
 ground-water

 outflow3

3 Annual sum of net ground-water outflow used in the water-budget analysis.

Net
 ground-water
 outflow with a

  42 percent 
reduction in 

 evaporation4

4 Annual sum of net ground-water outflow with a 42 percent reduction in evaporation.

Percent
 change

Dosson Lake

June 96 - May 97 21 11 -48 12 33 +175

June 97 - May 98 146 124 -15 8 15 + 88

June 98 - May 99 52 40 -23 24 42 + 75

Halfmoon Lake

June 96 - May 97 3 1 -67 15 34 +127

June 97 - May 98 44 32 -27 12 19 + 58

June 98 - May 99 19 12 -37 24 36 + 50

Round Lake

June 96 - May 97 0 0 0 225 256 + 14

June 97 - May 98 3 2 -33 153 181 + 18

June 98 - May 99 0 0 0 169 199 + 18
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and laboratory, equipment, and field-blank samples. 
The USGS laboratory in Ocala, Fla., analyzed major 
ions and nutrients for the lake and ground-water sam-
ples, and the USGS Isotope Fractionation Laboratory 
in Reston, Va., analyzed isotope samples. Results of the 
isotope samples are presented in delta (δ) notation rela-
tive to Vienna Standard Mean Ocean Water. Analytical 
data are available in the USGS annual data report for 
southwest Florida (Coffin and Fletcher, 1999a,b and 
2000a,b) and in the USGS-maintained database.

The lakes were sampled four times by the USGS 
for major ions, twice for nutrients, and twice for the 
isotopes deuterium and oxygen-18 from October 1996 
through June 1998. Water-quality samples were first 
collected at three to four locations in each lake to deter-
mine if there were any spatial variability in water qual-
ity. When no variability was detected, samples were 
collected 3 to 4 ft below the lake surface at the center 
of the lake using a peristaltic pump. At the time of sam-
pling, temperature, pH, specific conductance, and dis-
solved oxygen were measured in the lake-water 
column at 1 ft intervals. These field properties also 
were collected on a monthly basis to determine the sea-
sonal variability within the lake-water column. 

The lakes also were sampled on a monthly basis 
(October 1996 through January 1998) and then on a 
quarterly basis (April 1998 and July 1998) by SWFWMD 
personnel. These samples were collected approxi-
mately 1.5 ft below the lake surface and 1.5 ft above 
the bottom sediments at a central station for each lake. 
Field properties were measured at the top, middle, and 
bottom of the lake-water column for each lake. Secchi 
depth also was measured at the time of sampling as an 
indication of water clarity. The Trophic State Index 
(Huber and others, 1982), which Florida Department of 
Environmental Protection uses to evaluate the integrity 
of lake ecosystems, was calculated for each SWFWMD 
sample using Secchi depth and chlorophyll a, total 
phosphorus, and total nitrogen concentrations. 

Ground water was sampled three times for major 
ions and nutrients, and twice for deuterium and oxygen-
18, from October 1996 through June 1998. Samples 
were collected from wells after three casing volumes 
were removed from the well. Temperature, pH, dis-
solved oxygen, and specific conductance were moni-
tored using a flow-through chamber to isolate the 
sample from the atmosphere. Ground-water samples 
were collected after field properties stabilized using a 
peristaltic or submersible pump, depending on the 
depth to water.

Water from different locations and depth inter-
vals within the surficial aquifer was collected to define 
the ground-water quality characteristics at each lake 
basin. Surficial aquifer samples were collected from 7 
wells at Dosson Lake, 13 wells at Halfmoon Lake, and 
12 wells at Round Lake. Water-quality samples also 
were collected at well nests to define the vertical distri-
bution of chemical constituents within the intermediate 
confining unit and the Upper Floridan aquifer. One 
intermediate confining unit and two Upper Floridan 
aquifer wells were sampled at each lake basin. 

Monthly rainwater samples were collected from 
the Section 21 well field climate station for deuterium 
and oxygen-18 from October 1997 through October 
1998 to determine the isotopic composition of the local 
meteoric water line, as discussed in a subsequent section. 
Samples were collected in a container that was closed to 
the atmosphere. The methods of collection and sampler 
design are described in Sacks and others (1998).

Lake Water

The water quality of each lake has its own 
distinctive chemical signature, and is influenced by 
rainfall, land-use practices, ground-water and surface-
water inflow, and ground-water augmentation. Stiff 
diagrams illustrated in figure 27a represent the median 
lake-water chemistry from samples collected during 
the study period. Lake water can be classified based on 
the composition of dominant ions. A cation or anion is 
considered a dominant ion when its percentage of the 
sum of cations or anions is greater than or equal to 
50 percent in milliequivalents per liter (Hem, 1985). 
Comparisons of seasonal field properties and selected 
chemical constituents also were examined to identify 
the differences between the non-augmented lakes and 
the augmented lake (November 1996 through July 
1998, fig. 28). 

Dosson Lake typically had the lowest specific 
conductance, pH, temperature, water clarity (based on 
Secchi depth), and dissolved oxygen and calcium con-
centrations of the three study lakes (fig. 28, app. B). 
A low ionic composition and high color content char-
acterize the lake water at Dosson Lake. The median 
specific conductance of Dosson Lake was 99 microsie-
mens per centimeter (µS/cm). No dominant ion was 
present in the lake water, which is classified as a 
mixed-ion water type based on the median concentra-
tion of lake samples (fig. 27a). The water chemistry of 
Dosson Lake is influenced by the input of rainwater, 
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ground water, and surface-water inflows from the 
wetlands contiguous with the lake. Total nitrogen and 
phosphorus concentrations were highest at Dosson 
Lake than at the other lakes, which may be due to ani-
mal waste runoff from pastureland on the west side of 
the lake or from input of nutrient-rich inflow waters 
originating in the wetlands (fig. 28). The tea-colored 
tannic water of Dosson Lake is produced by the inter-
action of surface-water inflow with the humic soils and 
plant detritus in the nearby wetlands. 

Dosson Lake was the only study lake that had 
notable stratification of temperature and dissolved oxy-
gen concentrations in the water column (fig. 29). Light 
does not penetrate the water column as deeply due to the 
tea-colored tannic waters at Dosson Lake. A temperature 
decrease of more than 20 degrees Celsius (oC) was 
observed between the lake surface and the lake bottom 
during warmer months. The stratification of dissolved 
oxygen at Dosson Lake was characterized by relatively 
high dissolved oxygen concentrations near the surface 
(about 8 milligrams per liter (mg/L) and low concentra-
tions at the bottom (< 1 mg/L). The stratification of 
dissolved oxygen was observed for all months when 
profiles of the water column were measured (May 1996 
through June 1998). Dissolved oxygen is higher at the 
surface of the lake where most of the photosynthesis 
and aeration with atmospheric oxygen occurs. There are 
several possible explanations for the large decrease in 
dissolved oxygen concentrations with depth at Dosson 
Lake, including: (1) tannic water limits light penetration 
and, thus, limits the growth of photosynthesizing plants; 
(2) bacterial oxidation of organic matter near the sedi-
ment/lake interface consumes oxygen; (3) oxygen is 
consumed by chemical oxidation, which occurs in lakes 
highly stained with humic compounds; and (4) thermal 
stratification limits the mixing of shallow (higher dis-
solved oxygen) and deeper (lower dissolved oxygen) 
waters (Wetzel, 1975, p. 127). 

Halfmoon Lake had a higher ionic composition 
(median specific conductance of 209 µS/cm; fig. 28) 
than Dosson Lake probably due to the greater extent of 
residential and agricultural development surrounding 
the lake. Land-use practices associated with residential 
and agricultural development can result in higher con-
centrations of ions in ground-water inflow. Halfmoon 
Lake is classified as a sodium-chloride type water, 
based on the median concentration of major ions from 
the lake samples (fig. 27a). Concentrations of chloride, 
sulfate, sodium, and potassium were higher in Half-
moon Lake than in the other two lakes (fig. 28; app. B). 

3 2 1 1 2 3

Milliequivalents per liter
Cations      Anions

Chloride

Calcium

Sodium and
Potassium

SulfateMagnesium

Bicarbonate

January 1973

May 1967

May 1966

April 1965

June 1998

(A)

(B)

Median
concentration

October 1996

Figure 27. Stiff diagrams for (A) Dosson 
Lake, Halfmoon Lake, and Round Lake, 
and (B) historical Stiff diagrams for Round 
Lake.
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Figure 28. Comparison of field properties and selected chemical constituents for Dosson Lake, Halfmoon Lake, 
and Round Lake, November 1996 through July 1998. (Continued)
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These elevated concentrations are probably related to 
applications of fertilizer from a nearby citrus grove. 
Land-use practices associated with citrus agriculture 
can overwhelm the natural water-quality signature in 
Florida lakes (Stauffer, 1991; Sacks and others, 1998). 
Elevated sodium concentrations also can be indicative 
of septic tank leachate (Alhajjar and others, 1989 and 
1990). 

Round Lake had the highest specific conductance, 
pH, alkalinity, water clarity (based on Secchi depth), 
dissolved oxygen and calcium concentrations, and the 
lowest nitrogen, phosphorus, and sulfate concentra-
tions of the three study lakes (fig. 28; app.B). Round 
Lake is classified as a calcium-bicarbonate water type 
(fig. 27a), which is the result of the input of large vol-
umes of calcium-bicarbonate enriched augmentation 
water from the Upper Floridan aquifer. Augmentation 
water accounted for 70 percent of the inflow to Round 
Lake during the study period (see Annual Ground-
Water Flow and Residence Time section), which 
strongly influences the chemistry of the lake. 

Comparison of historical Stiff diagrams reveals 
the effects of augmentation on the water chemistry of 
Round Lake (fig. 27b). Prior to augmentation of the 
lake (April 1965), the chemical composition of Round 
Lake was similar to Dosson Lake. The historical lake 
sample had a lower specific conductance, pH, alkalin-
ity, and dissolved oxygen and calcium concentrations, 
than lake samples collected after augmentation. The 
Stiff diagrams based on the water chemistry after aug-
mentation (1966, 1967, and 1973) indicates that the 
lake was dominated by calcium bicarbonate. The 
amount of ground-water augmentation that is used to 
maintain lake levels at Round Lake varies with the 
amount of rainfall and affects the ionic composition of 
the lake. For example, the lake had slightly higher cal-
cium and bicarbonate concentrations (October 1996) 
when the augmentation was relatively high, than later 
in the study (June 1998), following a period of high 
rainfall and low augmentation (fig 27 b).

Several chemical consequences have occurred as 
a result of adding calcium-carbonate enriched ground 
water from the Upper Floridan aquifer to Round Lake. 
Calcium carbonate precipitate was observed as a white, 
flocculent material on the lake bottom and on the sur-
face of the aquatic vegetation. Geochemical analysis of 
the lake water indicates that it was often saturated to 
supersaturated with respect to calcite (13 of 20 sam-
ples), and thus, conditions were favorable for calcite 
precipitation. In addition, sediment cores at Round 

Lake (Brenner and Whitmore, 1999) showed a marked 
increase in calcium and inorganic carbon concentra-
tions in the uppermost sediments (about 0.5 ft), indi-
cating that calcium carbonate is accumulating in the 
sediments. The increase of calcium carbonate within 
the sediments is probably due to a combination of cal-
cium carbonate precipitate and the growth and accumu-
lation of macrophytes such as Nitella sp. and of 
carbonate-rich snails such as Planorbella sp., which 
both thrive in high alkalinity lake water. 

Round Lake is notably clear (median Secchi 
depth reading of approximately 10 ft) compared to the 
other study lakes. The clarity of the lake water may be 
the result of the addition of large volumes of ground 
water with low total suspended solids, which leaks out 
rapidly from the lake. The clarity also may be the result 
of low concentrations of nitrogen and phosphorus, 
which limit the growth of phytoplankton (fig. 28). 
Brenner and Whitmore (1999) suggest that the relatively 
low phosphorus concentrations in the water column of 
Round Lake could be the result of the co-precipitation 
of phosphorus with calcium carbonate. Because of the 
high lake clarity, light penetration also is high through 
the water column, which enables a thick vegetative mat 
to grow over most of the sandy lake bottom. An increase 
in photosynthesizing aquatic vegetation results in 
higher dissolved oxygen concentrations in the lake 
(fig. 28). 

An unanticipated consequence of adding ground 
water to Round Lake was the high radium-226 activi-
ties in the near-surface lake sediments and in the biota 
of the lake (Brenner and Whitmore, 1999; Brenner and 
others, 2000). The radium-226 activity levels (about 27 
disintegrations per minute per dry mass; dpm g-1) in the 
upper 0.5 ft of sediments was one of the highest levels 
measured in a Florida lake (Brenner and Whitmore, 
1999; and Brenner and others, 1994, 1997, 2000). In 
comparison, the radium-226 activitiy levels for Dosson 
Lake and Halfmoon Lake were 2.7 and 7.4 dpm g-1, 

repectively. Elevated radium-226 levels in the sedi-
ments are a consequence of augmenting the lake with 
ground water with relatively low levels of radium-226 
(5.8 dpm per liter) for more than 30 years (Brenner and 
others, 2000). Radium-226 occurs naturally in ground 
water and is commonly associated with the clay minerals 
of the intermediate confining unit, which have elevated 
concentrations of radium and radionuclides. As recharge 
water passes through the intermediate confining unit to 
the Upper Floridan aquifer, chemically active ground 
water can leach out radium-226. The solubility of 
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radium-226 is enhanced by cations already in solution, 
such as calcium (Kaufmann and Bliss, 1977). Radium 
is chemically similar to calcium and tends to follow 
similar chemical and biological pathways as calcium. 
High radium-226 activity levels were detected in the 
sediments, aquatic plants, fish bones, mollusk shells, 
and mollusk tissue in which calcium is a major compo-
nent. Brenner and others (2000) provide a detailed dis-
cussion pertaining to the accumulation of radium-226 
in Round Lake. Further investigations are underway in 
other lakes in the region to better understand the extent 
of biological and chemical accumulation of radium-226.

 All three lakes were classified as having good 
water quality, based on the median Trophic State Index 
(TSI) values: 58, 33, and 27 for Dosson Lake, Half-
moon Lake and Round Lake, respectively. A TSI value 
of 0-59 for Florida lakes indicates that the water quality 
is good, 60-69 is fair, and 70-100 is poor. Water quality 
in Dosson Lake was classified as borderline good/fair 
for several months during the study period because of 
shallow Secchi depth readings and high chlorophyll a, 
total phosphorus, and total nitrogen concentrations. 
Water quality in Round Lake was classified as the best 
because of low chlorophyll a, total nitrogen, and total 
phosphorus concentrations, and deep Secchi depth 
readings (fig. 28). Low TSI values at Round Lake are 
probably due to the short residence time of the lake 
water and the large input of relatively low nutrient 
ground water. 

Ground Water

Water quality within the surficial aquifer varied 
widely, both seasonally and spatially at each lake basin 
(app. C). The variability in dissolved chemical constit-
uents in the surficial aquifer suggests that ground water 
is affected by localized surface conditions. Because the 
surficial aquifer is contiguous with land surface and 
composed of sand with relatively high permeability, the 
chemical composition of water in the surficial aquifer 
is affected by land-use practices such as fertilizer 
application, leakage from septic-tank effluent, irriga-
tion from the Upper Floridan aquifer, and lake leakage 
from augmentation. 

Water chemistry of the intermediate confining 
unit and Upper Floridan aquifer is controlled by the 
lithology and mineralogy of the particular unit, resi-
dence time of water in contact with the aquifer matrix, 
and recharge from the overlying aquifer. Water quality 
within the intermediate confining unit varied spatially 

and was similar to the water chemistry in the overlying 
surficial aquifer at each lake basin (app. D). The water 
chemistry in the Upper Floridan aquifer was dominated 
by calcium bicarbonate at each lake basin, which is the 
result of the dissolution of calcite in the limestone aqui-
fer (app. D). Stiff diagrams were used to compare the 
chemistry of the lakes with the surrounding ground 
water and to illustrate water-quality changes with depth 
at the well nests (fig. 30). 

Ground water in the surficial aquifer at Dosson 
Lake was more dilute than at the other two lakes and 
was typically dominated by sodium and chloride 
(fig. 30). The Dosson Lake basin is less developed than 
the Halfmoon Lake and Round Lake basins, which 
probably results in lower chemical input to water 
recharging the surficial aquifer. However, sodium and 
chloride concentrations are slightly enriched compared 
to surficial aquifer water in undeveloped lake basins, 
and could be the result of septic-tank leachate, fertilizer 
application, or possibly animal waste from pastureland 
on the west side of the lake. Nitrate-plus-nitrite concen-
trations were low for all wells sampled in the Dosson 
Lake basin (maximum concentration 0.14 mg/L as N, 
app. C). A well nest on the western side of the lake 
indicates that water from the intermediate confining 
unit was similar to the chemistry of the overlying 
recharge waters from the surficial aquifer (well nest 
DL3 and DL2 in fig. 30). Water from the Upper Flori-
dan aquifer at Dosson Lake had considerably higher 
calcium and bicarbonate concentrations than water 
from the surficial aquifer and intermediate confining 
unit, because of limestone dissolution (well nest DL1 
in fig. 30; app. D). 

Water in the surficial aquifer surrounding 
Halfmoon Lake had higher concentrations of dissolved 
inorganic constituents than the Dosson Lake basin 
(fig. 30 and app. C). These higher concentrations are 
probably due to the greater amount of residential and 
agricultural development surrounding Halfmoon Lake. 
Surficial aquifer water quality varied widely for Half-
moon Lake, and probably is the result of different land-
use practices affecting the water quality within the lake 
basin. A well nest (well nest HML7, 8, 30, 31 in fig. 30) 
on the eastern side of Halfmoon Lake, where the 
majority of ground-water inflow to the lake occurs, is 
down gradient from a relatively large citrus grove 
(25 acres). The surficial aquifer water in this well nest 
had the highest nitrate-plus-nitrite concentrations of 
all wells sampled (9.6 mg/L; app. C). Water from the 
surficial aquifer well nest also had high potassium, 
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EXPLANATION
LAKE WATER

SURFICIAL AQUIFER WATER

INTERMEDIATE CONFINING UNIT WATER

UPPER FLORIDAN AQUIFER WATER

Chloride

Bicarbonate

SulfateMagnesium

Calcium

Sodium and
Potassium

Cations Anions
123 1 2 3

HML31 (index number 64
                  well nest)

HML7 (index number 39
                 well nest)

HML8 (index number 40
                well nest)

HML30 (index number 63
                  well nest)

HML24 (index number 57)

HML10 (index number 43)

Halfmoon 
Lake

Cations Anions
123 1 2 3

Round 
Lake

RL2 (index number 2
            north well nest)

RL3 (index number 3
             north well nest)

RL4 (index number 4
            south well nest)

RL23 (index number 23
               north well nest)

RL22 (index number 22
                north well nest)

RL Augmentation (index number 26
                                 north well nest)

Cations Anions
123 1 2 3

DL25 (index number 96)

DL26 (index number 97)

DL27 (index number 98)

DL3 (index number 75
             well nest)

DL2 (index number 74
             well nest)

DL1 (index number 73
             well nest)

 
Dosson

Lake

MILLIEQUIVALENTS PER LITER

Figure 30. Stiff diagrams for the lake water and ground water at Dosson Lake, Halfmoon Lake, and Round Lake, 
June 1998. (Well sites shown in figures 3, 4, and 5.)
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chloride, and sulfate concentrations. These same 
constituents have been observed in shallow ground 
water in areas of citrus agriculture in ridge areas of 
central Florida (Stauffer, 1991; German, 1997; Sacks 
and others, 1998). Nitrate-plus-nitrite and associated 
ions decreased in concentration in the intermediate 
confining unit and Upper Floridan aquifer, compared 
to the surficial aquifer (app. C and D). These lower 
concentrations could be because much of the shallow 
ground water in this area moves laterally into the lake, 
rather than downward, due to a rather steep lateral 
inflow gradient (0.01 ft/ft). Similar to the Dosson Lake 
ground water, water chemistry in the intermediate con-
fining unit was influenced by the overlying recharge 
waters and the Upper Floridan aquifer was influenced 
by limestone dissolution (fig. 30).

Calcium and bicarbonate concentrations at 
Round Lake were much higher in the shallow ground 
water than at the non-augmented lakes (fig. 30; app. C). 
Because the lake level at Round Lake is typically 
higher than the adjacent water table, lateral outflow of 
augmented lake water results in elevated calcium and 
bicarbonate concentrations in the surficial aquifer. 
However, elevated calcium and bicarbonate concentra-
tions progressively decrease away from the lake. Water 
from some shallow wells surrounding Round Lake also 
had high sodium, chloride, and sulfate concentrations, 
which are related to land-use practices. As high 
volumes of the chemically enriched 
ground water from the surficial aquifer 
move downward at Round Lake, the 
intermediate confining unit and Upper 
Floridan aquifer are influenced by the 
chemical composition of overlying 
recharge waters (well nest RL3, 2, 23, 
22 and RL augmentation in fig. 30; 
app. D). The chemistry of the Upper 
Floridan aquifer also is influenced by 
limestone dissolution.

Saturation State of Lake and 
Ground Water at Round Lake

The geochemical composition of 
lake water and ground water at Round 
Lake was evaluated to determine 
whether the leakage of augmented lake 
water into the aquifer systems could 
affect the solubility of limestone beneath 

Round Lake. The geochemical model WATEQF (as part 
of NETPATH; Plummer and others, 1994) can calculate 
the saturation state of the sampled water with respect to 
calcite. If water is undersaturated (saturation index less 
than zero, with an associated range of uncertainty), the 
water is capable of dissolving calcite, and if the water 
is saturated or supersaturated (saturation index equal to 
or greater than zero), the water is not capable of dis-
solving calcite. Calcite saturation (or equilibrium) is 
assumed when the calcite saturation index is between 
-0.15 and 0.15 after taking into account analytical 
uncertainties. Saturation indexes were calculated for 20 
lake-water and 14 ground-water samples that were col-
lected within the Round Lake basin between October 
1996 and July 1998.

The saturation state of Round Lake is controlled 
by the high calcium and bicarbonate concentrations 
from augmentation water, along with lake-water pH. 
Of the 20 lake-water samples collected at the aug-
mented lake, 10 were saturated, 3 were supersaturated, 
and 7 were undersaturated with respect to calcite 
(fig. 31; table 9). In comparison, lake-water samples 
collected at the non-augmented lakes were all under-
saturated with respect to calcite (saturation index 
-1.8 to -3.6). Water tended to be undersaturated at 
Round Lake when augmenation was low and during 
and following wet periods, when rainwater probably 
dilutes the calcium and bicarbonate concentrations. 
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Calcite precipitation probably controls the concentra-
tions of calcium and bicarbonate within the water col-
umn, and the lake water tended to be saturated with 
calcite for much of the sampling period. Supersatura-
tion with calcite occurred during low rainfall periods, 
and when evaporation and augmentation were high 
(April–June 1998; fig. 31). 

Most ground water in the Round Lake basin 
was undersaturated with respect to calcite (table 9). 
Calcium and bicarbonate concentrations in ground 
water were typically similar to or greater than lake-
water concentrations, but lower pH values in ground 
water result in undersaturated conditions. Only one 
water sample (RL22 well, November 1997, from the 
intermediate confining unit) was saturated or supersat-
urated with calcite (saturation index of 0.33). Water 
from the Round Lake augmentation well was slightly 
undersaturated with calcite (saturation index –0.26 and 

-0.20), indicating that the water is capable of dissolving 
calcite in the Upper Floridan aquifer. Ground water 
beneath the lake is presumably undersaturated with 
respect to calcite because of mixing between surficial 
aquifer water and the lake water. 

The Round Lake area has the potential for 
increased karst activity (subsidence, sinkhole forma-
tion, and limestone dissolution) because of the large 
volume of water moving downward from the surficial 
aquifer to the Upper Floridan aquifer. The undersatu-
ration of ground water with respect to calcite indicates 
that karst activity may not only be influenced by 
mechanical flow, but also by increased chemical disso-
lution (Moore, 1989). As large volumes of augmented 
lake water flow out laterally, the lake margins may be 
particularly vulnerable to increased limestone dissolu-
tion because the lateral outflow mixes with naturally 
acidic waters of the surficial aquifer, resulting in 
chemically aggressive ground water. 

Isotope Tracer

The naturally occurring isotopes deuterium and 
oxygen-18 are stable isotopes of the water molecule. 
Deuterium (2H) is the heavier isotope of hydrogen 
(1H most abundant form), and oxygen-18 (18O) is the 
heavier isotope of oxygen (16O most abundant form). 
Evaporation causes lake water or surface water to 
become enriched in the heavier isotopes because lighter 
isotopes have a higher vapor pressure and preferentially 
evaporate (Krabbenhoft and others, 1994). Differences 
in enrichment of isotopes among lakes can give a gen-
eral indication of the lake-water residence time and the 
amount of flow to the lake. For example, when a lake is 
isotopically lighter (smaller δ value) than a nearby 
lake, the lake has a shorter lake-water residence time 
and has more ground-water or surface-water inflows to 
the lake. Conversely, when a lake is isotopically 
heavier (larger δ value) than another lake, the lake has 
a longer residence time and has less ground-water or 
surface-water inflows to the lake. The enrichment or 
lack of enrichment of these isotopes is useful in deter-
mining flow paths between lakes and the surrounding 
ground-water flow system. Isotopically heavy ground 
water near a lake can indicate areas of lake leakage, 
because lake water is more enriched in heavier isotopes 
than ground water.

Table 9. Saturation state of lake and ground-water samples 
with respect to calcite for the Round Lake basin

[SI cal, saturation index for calcite; SA, surficial aquifer;
ICU, intermediate confining unit;  UFA, Upper Floridan 
aquifer; RL aug, Round Lake augmentation]

Well or
 lake name

Index
 number1

1 Refer to index number in appendix A for well construction 
information and figure 5 for well locations.

Sample
 date

Sample
 location

SI
 cal2

2 Ground water selected with calcium concentrations greater than 
30 milligrams per liter and alkalinity greater than 100 miligrams 
per liter as calcium carbonate.

RL5 5 10/28/96 SA -1.43

RL5 5 11/04/97 SA -1.78

RL5 5 06/04/98 SA -1.21

RL4 4 10/28/96 SA -1.26

RL4 4 11/05/97 SA -1.45

RL4 4 06/04/98 SA -1.00

RL2 2 11/03/97 SA -1.73

RL2 2 06/02/98 SA -1.74

RL23 23 11/04/97 SA -0.87

RL23 23 06/04/98 SA -1.62

RL22 22 11/07/97 ICU 0.33

RL22 22 06/04/98 ICU -0.79

RL aug 26 10/24/96 UFA -0.26

RL aug 26 11/05/97 UFA -0.20

Round Lake3

3 Based on 20 lake-water samples collected from October 1996 
through July 1998.

average Lake -0.03

Round Lake3 minimum Lake -0.54

Round Lake3 maximum Lake 0.69
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Rainwater

Rainwater collected monthly at the Section 21 
well field (Lake Park) falls along a linear trend, called 
the meteoric water line, when plotting deuterium in 
relation to oxygen-18 (fig. 32). The relation between 
deuterium (δD) and oxygen-18  (δ18O) values of rain-
water collected during this study was not statistically 
different, at a 95 percent confidence interval, from the 
global meteoric water line defined by Craig (1961). 
Ground-water samples plotting along this line indicate 
that the water has undergone minimal evaporation (fig. 
32). Monthly and volume-weighted mean isotopic data 
from rainfall samples at Section 21 well field are 
shown in appendix E.

Lake Water

Dosson Lake had the lightest isotopic signature 
compared to the other study lakes, which is undoubt-
edly related to greater amounts of surface-water and 
ground-water inflow to the lake (fig. 32; table 3). 
Halfmoon Lake, which has no surface-water inflow, is 
isotopically heavier than Dosson Lake. This heavier 
isotopic signature at Halfmoon Lake indicates that the 
lake water has undergone more extensive evaporation 
than Dosson Lake, and has a longer lake-water resi-
dence time. Round Lake has a lighter isotopic composi-
tion compared to Halfmoon Lake, which indicates a 
shorter lake-water residence time. The dominant inflow 

to Round Lake is augmented ground water and its 
isotopic composition reflects the evaporative enrich-
ment of this augmentation water. These qualitative 
results are consistent with average residence times 
computed from water budgets: 0.3 years for Dosson 
Lake, 1.3 years for Halfmoon Lake, and 0.4 years for 
Round Lake.

Ground-water inflow to lakes can be computed 
from an isotope mass balance of the lakes (Dincer, 
1968; Krabbenhoft and others, 1990; Sacks and others, 
1998). The mass-balance approach was attempted for 
this study, but unreliable results were computed. 
Unusually high rainfall when the lakes were sampled 
for isotopes (December 1997 through June 1998) pos-
sibly caused the steady-state assumption to be violated. 
A nonsteady-state formulation of the equation was also 
attempted for this study. However, large uncertainties 
in surface-water inflow rates and in the isotopic com-
position of the inflow water resulted in unreliable results 
for Dosson Lake. Uncertainties in the isotopic compo-
sition of atmospheric moisture and lake water caused 
large uncertainties in the calculated ground-water inflow 
for all three lakes. The isotope mass-balance approach 
is more reliable for seepage lakes with no surface-
water flows, for lakes with longer lake-water residence 
times than Dosson Lake and Round Lake, and when 
climatic conditions are more stable than existed during 
the study period.

Ground Water

Most ground water at Dosson 
Lake was isotopically similar to meteoric 
water, indicating ground water has under-
gone minimal evaporation (fig. 33a). 
However, water from two wells in the 
wetlands to the north and south side of 
the lakes (DL27 and DL25; index num-
bers 98 and 96, respectively), are 
enriched in heavy isotopes and plot along 
the evaporation trend line (fig. 33a). The 
evaporative enrichment of this ground 
water may be indicative of lake leakage 
during dry periods, when the water table 
was lower than the lake in these areas 
(fig. 12a). Alternatively, the evaporative 
enrichment may occur locally in the wet-
lands (ponded water or from the soil) 
before recharging the ground water. 
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There was little isotopic variability between the surfi-
cial aquifer, intermediate confining unit, and Upper 
Floridan aquifer at the well nest on the western side of 
Dosson Lake (DL3, DL2, and DL1; fig. 34). Water 
from the deeper wells were slightly more enriched in 
heavy isotopes than the shallower ones, which may be 
the result of natural outflow from the lake to the Upper 
Floridan aquifer.

Most of the ground water sampled at Halfmoon 
Lake showed no evidence of lake leakage. Ground-water 
inflow occurred around the entire lake perimeter during 
the December 1997 sampling, and most of the ground 
water plotted near the meteoric water line (fig. 33b). 
Ground-water outflow occurred on the western side of 
the lake (fig. 12c-d) during the June 1998 sampling, 
and water from one well on the western side of the lake 
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(HML10; index number 43) had a slightly heavier iso-
topic composition than the other wells sampled. The 
water level in this well was 0.14 ft lower than the lake, 
and the isotopic composition of this water probably 
reflects a small fraction of lake leakage. At the well 
nest on the eastern side of Halfmoon Lake (HML7, 8, 
30, and 31; fig. 34), which is a ground-water inflow 
area, there was little isotopic variability in ground 
water between the aquifers, and there was no evidence 
of isotopic enrichment from lake leakage.

In the Round Lake basin, water from many of the 
wells in the surficial aquifer, intermediate confining 
unit, and Upper Floridan aquifer were enriched with 
heavy isotopes, indicating the influence of lake leakage 
(fig. 33c). Water from the shallowest wells in the water 
table tended to be less enriched than deeper wells in the 
surficial aquifer. Water from half of the water-table 
wells sampled near Round Lake did not indicate lake 
leakage. The November through December 1997 sam-
ples were collected during an above-normal recharge 

Depths plotted at the average screened or open-hole interval for the well, except for the
augmentation well at Round Lake, which is plotted for illustrative purposes at the depth of the
top of the open-hole interval. 
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Water Quality 61

period, when the water table was at a relatively high 
elevation, and recent recharge probably suppressed 
most of the lake leakage below the shallow part of the 
surficial aquifer. Lateral lake outflow probably extends 
further out into the shallow part of the surficial aquifer 
during dry periods than during high recharge periods. 

Isotopically heavy water increased with depth at 
the north and south Round Lake well nests, indicating 
greater amounts of lake leakage with depth (fig. 34). 
At the south well nest, water from the deepest surficial 
aquifer well (RL4) was isotopically heavier than the 
lake water (fig. 34 and app. F). Because the sampling 
period was wetter than normal, the isotopic composi-
tion of the lake should reflect these wetter conditions. 
The deeper water probably represents the isotopic 
composition of lake water during drier conditions, 
when evaporation was higher and dilution from rain-
water was less evident. Water from the augmentation 
well also indicates lake leakage (fig. 33c). Thus, the 
lake is being augmented by a fraction of recirculated 
lake water, which has returned to the Upper Floridan 
aquifer. 

The percentage of lake water (x) in the ground 
water near Round Lake was calculated using δ18O as 
the conservative tracer in the following equation: 

x = ( δgw – δmw ) / ( δlw – δmw ) ,  (9)

where δ is the oxygen-18 value for the ground-water 
sample (gw), meteoric water (mw), and lake water (lw). 
The volume-weighted mean δ18O value in rainwater 
was used to represent meteoric water (app. E). Two end 
members were used for lake water: (1) the mean δ18O 
value of water sampled from Round Lake, and (2) the 
δ18O value of the most enriched ground water at the 
south well nest, presumably representing lake water 
during a period that was drier than the sampling period. 
Results are shown in table 10.

Water from wells open to the upper part of the 
water table had 0 to 20 percent of the water from lake 
leakage, illustrating that little outflow from Round 
Lake moved laterally within the upper part of the surfi-
cial aquifer during this wet sampling period. Recent 
recharge during the sampling period probably sup-
pressed most of the lake leakage in the upper part of the 
surficial aquifer. The percentage of lake leakage at the 
well nests increased with depth in the surficial aquifer, 
ranging from 48 to 100 percent. Water in the intermedi-
ate confining unit also had a large percentage of lake 
leakage (between 87 and 98 percent). Water from the 

Round Lake augmentation well contained between 59 
and 73 percent lake leakage, which is relatively high 
considering dilution in this highly transmissive aquifer.

For more than 30 years, Round Lake has 
received approximately twice its lake volume per year 
from augmented ground water. The lake level is higher 
than the water table in the surficial aquifer, increasing 
lake leakage to the surficial aquifer, which subse-
quently recharges the Upper Floridan aquifer. Results 
from water-quality sampling indicate the influence of 
augmentation water on lake-water quality, particularly 
calcium and bicarbonate concentrations. Water from 
the surficial aquifer near the lake had elevated concen-
trations of calcium and bicarbonate, reflecting the 
influence of lake leakage on ground-water quality. 

Table 10. Percentage of lake leakage in the surrounding
ground-water system at Round Lake based on delta 
oxygen-18 

[SA, surficial aquifer; wt, well completed in the water table; ICU, 
intermediate confining unit, UFA, Upper Floridan aquifer; gw, ground 
water; RL aug; Round Lake augmentation; δ18O, delta oxygen-18]

Well 
name

Index
number1

1 Refer to index number in appendix A for well construction 
information and figure 5 for well locations.

Sample
 date

Aquifer
Percentage of 
lake water in 

gw2           gw3

2 Using the average of sampled lake water d18O as the lake end member 
(negative numbers were set to zero).

3 Using the greatest d18O value in the ground water as the lake 
end member (negative numbers were set to zero).

RL8 8 11/07/97 SA, wt 12 11

RL9 9 12/03/97 SA, wt 20 18

RL11 11 12/03/97 SA, wt 0 0

RL12 12 11/05/97 SA, wt 0 0

RL6 6 11/04/97 SA, wt 60 55

RL6 6 06/04/98 SA, wt 44 41

RL5 5 11/04/97 SA 100 100

RL5 5 06/04/98 SA 84 77

RL4 4 11/05/97 SA 100 100

RL4 4 06/04/98 SA 100 99

RL3 3 11/04/97 SA, wt 0 0

RL3 3 06/02/98 SA, wt 0 0

RL2 2 11/03/97 SA 52 48

RL2 2 06/02/98 SA 0 0

RL1 1 11/03/97 SA 91 84

RL1 1 06/02/98 SA 64 59

RL23 23 11/04/97 SA 99 91

RL23 23 06/04/98 SA 88 81

RL22 22 11/07/97 ICU 95 87

RL22 22 06/04/98 ICU 98 90

RL aug 26 11/05/97 UFA 73 67

RL aug 26 07/10/98 UFA 65 59
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The isotopic data confirm that lake leakage is signifi-
cant in the Round Lake basin and water in the adjacent 
surficial aquifer consists of as much as 100 percent 
lake leakage. Furthermore, a large percentage of Round 
Lake augmentation water (up to 73 percent) consists of 
water that has been recirculated from the lake. 

SUMMARY AND CONCLUSIONS

The hydrologic effects associated with aug-
menting a lake with ground water from the Upper 
Floridan aquifer were examined in northwest Hillsbor-
ough County, Florida, from June 1996 through May 
1999. The study involved comparing the hydrogeology, 
ground-water flow patterns, water budgets, and water-
quality characteristics of a lake that has been aug-
mented for more than 30 years (Round Lake) with 
two nearby non-augmented lakes (Dosson Lake and 
Halfmoon Lake).

The three study lakes are small (11 to 33 acres), 
relatively shallow (average depth less than 10 ft), and 
presumably of sinkhole origin. The lakes are situated 
within a mantled karst terrain, where approximately 
42 ft of unconsolidated sand and clay sediments overlie 
an irregular limestone surface. The surficial aquifer is 
within the unconsolidated sediments and provides 
recharge to the lakes and the underlying Upper Flori-
dan aquifer. The intermediate confining unit, which 
separates the two aquifers, controls the downward 
recharge to the Upper Floridan aquifer through local-
ized breaches, or sand columns, within the clay con-
fining unit. The Upper Floridan aquifer is highly 
productive, and three well fields in the study area 
withdraw large volumes of water from the aquifer. 

Round Lake is in a more leakage-dominated 
hydrogeologic setting compared to the other study 
lakes. The intermediate confining unit is thin or highly 
breached at Round Lake, which leads to increased 
ground-water circulation and a better hydraulic con-
nection with the Upper Floridan aquifer. In addition, 
Round Lake has the least amount of soft, organic lake-
bottom sediments, and the lake bottom has been 
dredged deeper and more extensively than the other 
study lakes, which may allow more leakage out of the 
lake bottom. Seismic data indicate that there is an 
apparent lack of continuity in the limestone surface 
beneath the lake, although the other lakes have other 
subsidence-related features in their sublake geology. 

The area around Round Lake has experienced more 
sinkhole activity than the other study lakes. During the 
study, three sinkholes developed around the perimeter 
of the lake, which may have further disrupted the inter-
mediate confining unit. 

Ground-water flow patterns around Round Lake 
were considerably different than at the non-augmented 
lakes. Ground-water augmentation artificially raised 
the level of Round Lake about 2 to 3 ft higher than the 
adjacent water table for most of the study. As a result, 
lake water recharged the surficial aquifer around the 
entire lake perimeter, except during very wet periods 
when ground-water inflow occurred around part of the 
lake perimeter. The non-augmented lakes typically had 
areas of ground-water inflow and areas of lake leakage 
around their perimeter. During wet periods, ground-
water inflow typically occurred around the entire 
perimeter of the non-augmented lakes. Therefore, the 
area potentially contributing ground water to the non-
augmented lakes is much larger than for the augmented 
lake. Vertical head loss within the surficial aquifer was 
higher at Round Lake than the other study lakes, which 
is additional evidence of the limited confinement at 
Round Lake. 

Annual and monthly ground-water outflow (lake 
leakage) was significantly higher at Round Lake than 
at the non-augmented lakes for the 3-year study period. 
Minimum estimates of the total annual ground-water 
inflow and outflow were made from the monthly net 
ground-water flows. Based on these minimum esti-
mates, total annual ground-water outflow for Round 
Lake was more than 10 times higher than for the non-
augmented lakes. Ground-water inflow to Round Lake 
was less than 1 percent of total annual inflows, whereas 
augmentation water was 70 percent. In comparison, 
ground-water inflow averaged 23 and 40 percent of the 
total annual inflows at Halfmoon Lake and Dosson 
Lake, respectively. Local ground-water pumping, aug-
mentation, and hydrogeologic factors are responsible 
for the higher net ground-water outflow at Round Lake. 
As a result of localized ground-water pumping, the 
head difference between the lake and the Upper Flori-
dan aquifer increases, which increases lake leakage and 
results in lowered lake levels. Augmenting the lake fur-
ther increases the head difference between the lake, the 
water table, and the Upper Floridan aquifer, which 
results in an increase in lateral and vertical outflow 
from the lake. The lack of confinement or breaches in 
the intermediate confining unit facilitates the down-
ward movement of this augmented lake water back into 
the Upper Floridan aquifer.
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A comparison of the water quality at the three 
lakes indicates that Round Lake is strongly influenced 
by the addition of large quantities of calcium-bicarbon-
ate enriched augmentation water. Round Lake had the 
highest alkalinity, calcium and dissolved oxygen con-
centrations, pH values, and specific conductance. 
Round Lake also had the highest clarity, which is prob-
ably due to the short lake-water residence time and 
large input of relatively low nutrient ground water. The 
lake water at Round Lake was generally saturated to 
supersaturated with respect to calcite, and was under-
saturated when augmentation was low after high rain-
fall periods. The lake water at the non-augmented lakes 
was undersaturated with calcite.

Round Lake had the largest accumulation of 
calcium carbonate and the highest radium-226 activity 
levels in the lake sediments. The calcium carbonate 
accumulation is from a combination of calcium carbon-
ate precipitate and the growth and accumulation of 
macrophytes, such as Nitella sp. and carbonate-rich 
mollusks, such as Planorbella sp., which both thrive in 
the high-alkalinity lake water. The high radium-226 
levels (27 dpm g-1) in lake sediments at Round Lake 
can be atrributed to augmenting the lake with ground 
water from the Upper Floridan aquifer. Although this 
ground water has relatively low levels of radium-226 
(5.8 dpm per liter), the large volumes of ground water 
added to the lake for more than 30 years have caused 
radium-226 to accumulate in the sediments and lake 
biota. 

The Round Lake basin had higher calcium and 
bicarbonate concentrations in the surficial aquifer than 
at the non-augmented lakes. These high concentrations 
are due to large volumes of calcium-bicarbonate 
enriched lake water that flows out laterally into the 
surficial aquifer. Deuterium and oxygen-18 data indi-
cate that ground water in near-shore well nests at 
Round Lake consists of as much as 100 percent lake 
leakage, and that the augmentation water has a high 
fraction of recirculated lake water (between 59 and 
73 percent lake leakage).

The hydrology and chemistry of Round Lake 
have been substantially altered by ground-water aug-
mentation. Round Lake is in a leakage-dominated set-
ting because the intermediate confining unit is thin or 
highly breached, which increases the potential for ver-
tical ground-water flow. When the lake level is aug-
mented higher than the adjacent water table, large 
volumes of calcium-bicarbonate enriched lake water 
flows out laterally and downward to the underlying 

aquifers. Mixing of lake leakage with naturally acidic 
waters of the surficial aquifer results in ground water 
becoming undersaturated with respect to calcite as it 
moves downward to the Upper Floridan aquifer. 
Consequently, this large volume of recirculated augmen-
tation water is capable of dissolving calcite in the lime-
stone aquifer. Therefore, as a result of ground-water 
augmentation at Round Lake, the volume of ground-
water flow within the aquifer system has increased, 
which has increased the potential for karst activity 
(limestone dissolution, subsidence, and sinkhole 
formation).
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Appendix A. Well characteristics and data summary for wells in the study area

[Well name: DL, Dosson Lake; HML, Halfmoon Lake; RL, Round Lake; Total cased interval: --, unknown casing depth; Hydrogeologic unit: 
SA, surficial aquifer; ICU, intermediate confining unit; UFA, Upper Floridan aquifer; Data summary: CWR, continuous water-level recorder; 
FM, flowmeter; GS, geophysical survey; QW, quality of water; SSS, split-spoon sample; WL, monthly water level]

Index 
number

Identification
number

Well name
Total

 depth
 (feet)

Total cased
interval 

(feet)

Hydro-
geologic

 unit
Data summary

1 280718082295801 RL1 North Int Nest 17.0 15.0 SA QW, WL

2 280718082295802 RL2 North Shallow Nest 12.4 10.0 SA QW, WL

3 280718082295803 RL3 WT Nest 10.6 1.0 SA QW, WL

4 280710082295901 RL4 South Deep Nest 20.1 17.2 SA QW, WL

5 280710082295902 RL5 South Int Nest 14.5 12.1 SA QW, WL

6 280710082295903 RL6 South WT Nest 12.5 2.0 SA QW, WL

7 280706082300401 RL7 Berger Road 18.2 2.5 SA QW, WL

8 280707082300801 RL8 Berger Road 18.3 2.6 SA QW, WL

9 280714082300701 RL9 Kelly Residence 18.2 2.7 SA QW, WL

10 280718082300801 RL10 Little Road 18.2 2.5 SA WL

11 280721082300401 RL11 Little Road 18.2 2.5 SA QW, WL

12 280713082295401 RL12 Linda Vista 13.0 2.5 SA QW, WL

13 280648082300701 RL13 Hartline Lot 13.0 3.0 SA WL

14 280724082293301 RL14 Little Road 13.0 3.0 SA WL

15 280740082295401 RL15 Van Dyke 2 13.0 3.0 SA WL

16 280744082300801 RL16 Dale Mabry 13.0 3.0 SA WL

17 280707082292701 RL17 Berger Road 13.0 3.0 SA WL

18 280638082293201 RL18 Golf Course 12.5 2.5 SA WL

19 280646082295101 RL19 Lakeview Drive 13.5 1.0 SA WL

20 280718082300001 RL20 McMannus Dock 6.5 1.0 SA WL

21 280713082300601 RL21 Kelly Residence 7.0 2.0 SA WL

22 280718082295804 RL22 North ICU Nest 45.0 42.0 ICU GS, QW, SSS, WL

23 280718082295805 RL23 North Deep Nest 27.5 24.5 SA CWR, GS, SSS, QW

24 280726082300001 RL24 Little Road 20.0 3.0 SA WL

25 280656082295501 RL25 Heatherwoods 16.1 1.3 SA WL

26 280718082295601 RL Augmentation 395.0 74.0 UFA FM, QW, WL

27 280716082295701 Dewey Thompson Deep 97.0 -- UFA WL

28 280717082295401 Dewey Thompson Shallow 11.5 -- SA WL

29 280659082294302 Berger Deep 134.0 44.0 UFA CWR

30 280659082294303 Berger Shallow 20.0 19.0 SA WL

31 280706082300301 Rusty at Berger Road 20.6 -- SA WL

32 280739082294202 USGS Van Dyke 22.0 18.0 SA WL

33 280530082325601 HML1 5630 Rawis 12.4 1.8 SA QW, WL

34 280557082324501 HML2 HML Road 12.4 1.8 SA QW, WL

35 280552082325403 HML3 Deep Nest 22.1 19.6 SA QW, WL

36 280552082325404 HML4 Int Nest 12.5 10.0 SA QW, WL

37 280546082324301 HML5 Rye Road 15.3 2.4 SA WL

38 280544082324703 HML6 Wt Nest 12.0 1.4 SA QW, WL

39 280544082324702 HML7 Int Nest 10.6 8.1 SA QW, WL

40 280544082324701 HML8 Deep Nest 22.2 18.9 SA QW, WL

41 280600082325901 HML9 Dew Point 12.5 1.9 SA QW, WL

42 280557082330701 HML9A Timberwood 13.0 3.0 SA QW, WL

43 280551082325201 HML10 Willowdale 12.2 2.1 SA QW, WL

44 280550082330201 HML11 Willowdale 10.0 1.5 SA WL

45 280541082330201 HML12 Willowdale 13.0 3.0 SA QW, WL

46 280539082324301 HML13 Pappy’s Grove 11.2 2.2 SA WL

47 280552082324501 HML14 Rye Road 12.0 2.0 SA WL
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48 280538082330801 HML15 Timberwood 13.5 1.0 SA WL

49 280624082323901 HML16 Wilcox Road 12.5 2.5 SA WL

50 280626082330401 HML17 Tobacco Road 12.5 2.5 SA WL

51 280517082331501 HML18 Trail Creek Place 12.5 2.5 SA WL

52 280507082324901 HML19 Shaw Road 12.5 2.5 SA WL

53 280519082322601 HML20 Hutchinson Road 12.5 2.5 SA WL

54 280626082331701 HML21 Offenhaur Road 12.5 2.5 SA WL

55 280537082333201 HML22 Bellamy Road 12.5 2.5 SA WL

56 280504082333301 HML23 Bellamy Road 12.5 2.5 SA WL

57 280552082325401 HML 24 Hutchinson 6.0 1.0 SA QW, WL

58 280550082325501 HML25 Willowdale 6.0 1.0 SA WL

59 280558082330301 HML26 HML Road 5.0 1.0 SA WL

60 280540082325601 HML27 5637 Rawls 5.5 .5 SA WL

61 280558082325501 HML28 5704 HML Road 3.3 .5 SA WL

62 280554082324901 HML29 5616 HML Road 4.0 .5 SA WL

63 280544082324704 HML30 ICU Nest 41.0 37.0 ICU GS, QW, SSS, WL

64 280544082324705 HML31 UFA Nest 100.0 50.0 UFA GS, QW, SSS, WL

65 280623082321401 HML33 Wilcox Road 13.5 1.0 SA WL

66 280548082322601 HML34 Country Park 13.5 1.0 SA WL

67 280531082320301 HML35 Rawls 13.2 1.5 SA WL

68 280552082325401 HML59 UFA Nest 60.0 49.0 UFA CWR, QW 

69 280552082325402 HML60 WT Nest 20.0 3.0 SA CWR, QW 

70 280551082324001 HML Augmentation 850.0 210.0 UFA QW, WL

71 280622082325401 Northwest Elementary 300.0 -- UFA WL

72 280600082333001 RMP5-D WCRWSA 150.0 -- UFA WL

73 280720082313901 DL1 Marsh UFA NestUFA 75.0 60.0 UFA CWR, GS, QW, SSS

74 280720082313902 DL2 Marsh ICU Nest 39.0 35.0 ICU GS, QW, SSS, WL

75 280720082313903 DL3 Marsh Int Nest 14.8 10.0 SA CWR, QW

76 280720082313904 DL4 Marsh Deep Nest 21.0 18.5 SA QW, WL

77 280720082313905 DL5 Marsh Wt Nest 10.0 10.0 SA WL

78 280722082314601 DL6 Marsh West Monitor 12.0 4.3 SA WL

79 280725082313501 DL7 Marsh East Monitor 50.0 -- UFA WL

80 280728082314501 DL8 Rankin property 12.5 2.5 SA WL

81 280728082313701 DL9 Rankin property 13.5 3.0 SA WL

82 280739082313901 DL10 Van Dyke Road 12.5 2.5 SA WL

83 280733082313802 DL11 Van Dyke Deep Nest 20.0 17.5 SA WL

84 280733082313803 DL12 Van Dyke Int Nest 13.0 11.0 SA WL

85 280733082313801 DL13 Van Dyke Wt Nest 13.0 3.0 SA WL

86 280717082313601 DL14 Taylorville Monitor 12.5 2.5 SA WL

87 280738082312901 DL15 Darby Lane 14.0 3.5 SA WL

88 280733082312801 DL17 Darby Lane 13.0 3.0 SA WL

89 280730082312901 DL18 Darby Lane 13.0 3.0 SA WL

90 280726082313101 DL19 Darby Lane 6.4 1.4 SA QW, WL

91 280724082312901 DL20 Thomas Residence 6.6 1.6 SA QW, WLWL

92 280727082311901 DL21 Darby Lane 12.5 2.5 SA WL

93 280723082311801 DL22 Darby LaneDarb Lane 12.2 2.2 SA WL

94 280716082311801 DL23 Darby Lane 12.5 2.5 SA WL

Appendix A. Well characteristics and data summary for wells in the study area  (Continued)  

[Well name: DL, Dosson Lake; HML, Halfmoon Lake; RL, Round Lake; Total cased interval: --, unknown casing depth; Hydrogeologic unit: 
SA, surficial aquifer; ICU, intermediate confining unit; UFA, Upper Floridan aquifer; Data summary: CWR, continuous water-level recorder; 
FM, flowmeter; GS, geophysical survey; QW, quality of water; SSS, split-spoon sample; WL, monthly water level]

Index 
number

Identification
number

Well name
Total

 depth
 (feet)

Total cased
interval 

(feet)

Hydro-
geologic

 unit
Data summary
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95 280714082311801 DL24 Darby Lane 12.8 2.8 SA WL

96 280715082313301 DL25 Dosson Lake SW 7.0 2.0 SA QW, WL

97 280730082313201 DL26 Dosson Lake NE 7.0 2.0 SA QW, WL

98 280729082313501 DL27 Dosson Lake NW 7.0 2.0 SA QW, WL

99 280715082313001 DL28 Dosson Lake SE 4.5 1.0 SA WL

100 280726082310001 DL29 Whirly Road 13.5 1.0 SA WL

101 280714082310601 DL30 Scott Road 13.5 1.0 SA WL

102 280659082310101 DL31 Whirly Road 13.2 1.0 SA WL

103 280702082312501 DL32 Whirly Road 11.5 1.0 SA WL

104 280814082313201 DL33 Horse Farm Road 13.0 3.0 SA WL

105 280747082312501 DL34 Horse Farm Road 13.6 1.0 SA WL

106 280721082320001 DL35 Lakeshore Road 14.3 1.0 SA WL

107 280710082320001 DL36 Taylor Road 13.5 1.5 SA WL

108 280712082314801 DL37 Taylor Road 14.0 1.0 SA WL

109 280725082321401 DL38 Lakeside Road 13.0 3.0 SA WL

110 280707082322601 DL39 Lakeside Road 12.5 2.0 SA WL

111 280709082324601 DL40 Storm Road 14.5 4.5 SA WL

112 280734082323701 DL41 Tobacco Road 12.0 2.0 SA WL

113 280734082313301 Goodwin at Darby Lane 62.5 -- UFA WL

114 280656082305801 Section21 1 570.0 70.0 UFA WL

115 280654082305803 Section21 3d 411.0 71.0 SA WL

116 280654082305802 Section21 3a 12.5 10.5 SA WL

117 280738082303301 Section21 5b 22.0 -- SA WL

118 280728082301102 Section21 7d 1250.0 718.0 UFA WL

119 280728082301103 Section21 7i 728.0 145.0 UFA WL

120 280728082301104 Section21 7s 14.8 -- SA WL

121 280732082305801 Section21 26d 300.0 141.0 UFA WL

122 280732082305802 Section21 26s 13.1 -- SA WL

123 280648082302601 Section 21 433 Deep 49.0 47.0 UFA WL

124 280648082302602 Section 21 433 Shallow 19.0 17.0 SA WL

125 280729082300501 Section 21 455 Shallow 9.5 7.0 SA WL

126 280726082305301 Section 21 455S alternate 9.0 -- SA WL

127 280650082301401 Section 21 466 Deep 49.0 -- UFA WL

128 280650082301402 Section 21 466 Shallow 30.0 -- SA WL

129 280740082301201 Section 21 468 Deep 69.0 65.0 UFA WL

130 280702082302801 Hillsborough 13 Deep 347.0 45.0 UFA CWR, QW 

131 280702082302802 Hillsborough 13 Shallow 23.0 21.0 SA QW, WL

132 280544082324706 HML 32 Lake Shore Nest 10.0 1.0 SA WL

133 280718082295601 RL Augmentation (new) 530 140 UFA FM, QW, WL

Appendix A. Well characteristics and data summary for wells in the study area  (Continued)  

[Well name: DL, Dosson Lake; HML, Halfmoon Lake; RL, Round Lake; Total cased interval: --, unknown casing depth; Hydrogeologic unit: 
SA, surficial aquifer; ICU, intermediate confining unit; UFA, Upper Floridan aquifer; Data summary: CWR, continuous water-level recorder; 
FM, flowmeter; GS, geophysical survey; QW, quality of water; SSS, split-spoon sample; WL, monthly water level]

Index 
number

Identification
number
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Total
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geologic

 unit
Data summary



Appendixes 71

Appendix B. Median water quality for Dosson Lake, Halfmoon Lake, and Round Lake, 
October 1996 through June 1998

[All units in milligrams per liter unless noted; CaCO3, calcium carbonate; N, nitrogen; 
P, phosphorus; PCU, platinum cobalt units; µS/cm, microsiemens per centimeter at 25
degrees Celsius; ºC, degrees Celsius; pH, standard units; <, less than; nutrients and
alkalinity (acid neutralizing capacity) are whole water (total); major ions are dissolved;
dpm/L, disintegrations per minute per liter]

Chemical constituents and
field properties

Dosson Lake Halfmoon Lake Round Lake

Calcium 6.3 8.9 38

Magnesium 1.4 3.2 2.0

Sodium 8.8 18 7.7

Potassium 1.6 3.2 0.40

Chloride 14 32 13

Sulfate 3.9 26 1.4

Alkalinity as CaCO3 13 11 96

Total dissolved solids 46 124 120

Organic nitrogen as N 1.3 0.48 0.24

Nitrite nitrogen as N <0.01 <0.01 <0.01

Nitrite-plus-nitrate nitrogen as N <0.02          0.02 <0.02

Nitrogen, ammonia total 0.02 0.03 0.01

Phosphorus, total as P 0.04 <0.02 <0.02

Phosphorus, ortho as P (PO4) 0.01 <0.01 <0.01

Color (PCU) 105 10 10

Temperature (ºC) 23 25 25

Specific conductance (µS/cm) 99 209 240

pH 6.2 6.2 7.7

Dissolved oxygen 5.1 5.9 7.5

Secchi depth (in feet)1 2.8 7.9 9.8

Radium-226 (dpm/L)2 3.5

1 Southwest Florida Water Management District water-quality data.
2 Southwest Florida Water Management District water-quality data, collected on February 1, 1999.
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Appendix C. Range and median water quality for the surficial aquifer for each lake basin, October 1996 through 
June 1998

[All units in milligrams per liter unless noted; CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; µS/cm, microsiemens 
per centimeter at 25 degrees Celsius; ºC, degrees Celsius; pH, standard units; <, less than; nutrients and alkalinity (acid 
neutralizing capacity) are whole water (total); major ions are dissolved]

Chemical constituents and field 
properties

—Dosson Lake—
7 surficial aquifer

 wells

—Halfmoon Lake—
13 surficial aquifer

 wells

—Round Lake—
12 surficial aquifer 

wells

Range Median Range Median Range Median

Calcium 0.8 - 9.8 4.8 0.7 - 63 23 2.5 - 140 30

Magnesium 0.36 - 2.1 1.1 0.1 - 11 1.4 0.4 - 15 2.0

Sodium 4.5 - 17 7.9 0.1 - 27 4.8 1.5 - 73 13

Potassium 0.1 - 1.2 0.4 0.2 - 24 1.7 <0.10 - 4.7 0.30

Chloride 9.2 - 32 13 1.2 - 63 14 2 - 160 19

Sulfate 0.7 - 13 3.8 3.8 - 57 19 <0.2 - 190 10

Alkalinity as CaCO3 <1.0 - 17 4.6 <1.0 - 165 16 1.5 - 157 69

Total dissolved solids 26 - 138 90 66 - 240 157 44 - 794 162

Nitrate-plus-nitrite nitrogen as N <0.02 - 0.14 0.02 <0.20 - 9.6 0.10 <0.02 - 1.9 0.01

Nitrogen, ammonia total 0.02 - 0.61 0.14 <0.01 - 1.8 0.05 0.01 - 1.0 0.10

Phosphorus, ortho as P <0.01 - 1.5 0.04 <0.01 - 0.28 0.01 <0.01 - 1.2 0.08

Temperature (ºC) 20 - 27 24 20 - 30 24 22 - 27 24

Specific conductance (µS/cm) 58 - 135 80 92 - 370 271 72 - 1,170 263

pH 4.2 - 5.9 5.0 4.1 - 7.4 5.4 4.0 - 6.8 5.8

Dissolved oxygen 0.56 - 6.5 1.4 0.5 - 5.3 1.1 0.22 - 4.7 1.6



Appendixes 73

Appendix D. Water quality for the intermediate confining unit and Upper Floridan aquifer for each lake basin, October 1996
through June 1998

[All units in milligrams per liter unless noted; CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; µS/cm, microsiemens per centimeter at 
25 degrees Celsius; ºC, degrees Celsius; pH, standard units; <, less than; --, not determined; nutrients and alkalinity (acid neutralizing capacity) 
are whole water (total); major ions are dissolved; dpm/L, disintegrations per minute per liter]

Chemical constituent
and field properties

Intermediate confining unit Upper Floridan aquifer

Dosson 
Lake

Halfmoon
Lake

Round
Lake

Dosson
Lake

Halfmoon
Lake

Round
Lake

Calcium 6.5 38 73 18 37 84

Magnesium 0.5 1.6 3.1 0.7 1.4 2.2

Sodium 8.0 5.6 7.9 9.3 7.6 12

Potassium 0.6 0.3 1.9 7.0 2.6 0.7

Chloride 7.6 13 14 7.1 11 22

Sulfate 5.7 22 1.2 14 14 0.5

Alkalinity as CaCO3 22 75 199 53 129 219

Total dissolved solids 57 144 264 107 167 266

Nitrate-plus-nitrite nitrogen as N 0.05 <0.02 <0.02 0.05 <0.02 <0.02

Nitrogen, ammonia total 0.30 0.07 0.45 0.08 0.12 0.66

Phosphorus, ortho as P  -- 0.03 0.02 <0.01 0.04 0.02

Temperature (ºC) 23 24 22 24 24 23

Specific conductance (µS/cm) 81 254 423 162 318 499

pH 6.2 6.8 7.4 9.3 8.2 6.9

Dissolved oxygen 3.4 1.0 2.6 3.4 0.6 --

Radium-226 (dpm/L) 15.8

1 Radium-226 sample collected January 22, 1999.

Appendix E. Isotopic data for rainfall samples at Section 21 well field

[δD, deuterium; δ18O, oxygen-18]

Sample period Section 21 rainfall
Sample period

rainfall 
(in inches)Begin date End date

δD
(per mil)

δ18O
(per mil)

10/08/97 11/07/97 -28.7 -5.15 7.9

11/07/97 11/14/97 -16.9 -3.75 3.0

11/14/97 12/17/97 -18.6 -3.83 10.8

12/17/97 01/05/98 -10.8 -2.87 7.2

01/05/98 02/02/98 -5.2 -2.34 6.9

02/02/98 03/04/98 -4.6 -1.92 12.2

03/04/98 04/06/98 -11.9 -3.00 6.9

04/06/98 05/05/98 1.2 -0.54 0.3

05/05/98 06/03/98 -17.0 -3.09 1.4

06/08/98 07/13/99 -20.1 -4.01 9.5

08/03/98 09/01/98 -12.6 -2.91 7.2

09/01/98 10/09/98 -26.2 -4.07 16.4

1-16.3 1-3.40 289.8

1 Volume weighted mean.
2 Total rainfall.
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Appendix F. Isotopic data for water from the surficial aquifer, intermediate confining unit, and Upper Floridan aquifer for 
Dosson Lake, Halfmoon Lake, and Round Lake

[δD, deuterium; δ18O, oxygen-18; RL aug, Round Lake augmentation well; DL, Dosson Lake; HML, Halfmoon Lake; RL, Round Lake; 
(90), refers to index number in appendix A]

DOSSON LAKE BASIN HALFMOON LAKE BASIN ROUND LAKE BASIN

Month-
year

Site 
name

δD
(per 
mil)

δ18O
(per 
mil)

Month-
year

Site 
name

δD
(per 
mil)

δ18O
(per 
mil)

Month-
year

Site 
name

δD
(per 
mil)

δ18O
(per 
mil)

Nov-97 Lake -3.1 -0.37 Dec-97 Lake 4.5 1.39 Nov-97 Lake 0.7 0.48

Jun-98 Lake -0.5 -0.27 Jun-98 Lake 7.8 1.56 Dec-97 Lake -1.9 0.39

Jun-98 Lake 3.0 0.88

Surficial aquifer

Dec-97 DL19 (90) -26.8 -4.76 Dec-97 HML1 (33) -21.1 -3.97 Nov-97 RL1   (1) 0.2 0.33

Dec-97 DL20 (91) -28.7 -5.25 Dec-97 HML2 (34) -28.7 -5.15 Jun-98 RL1   (1) -4.8 -0.77

Dec-97 DL23 (94) -14.5 -2.62 Dec-97 HML10 (43) -19.2 -3.19 Nov-97 RL2   (2) -7.5 -1.28

Jun-98 DL25 (96) 0.8 0.36 Jun-98 HML10 (43) -9.3 -2.18 Nov-97 RL3   (3) -32.5 -5.01

Nov-97 DL27 (98) -7.1 -1.09 Dec-97 HML12 (45) -28.5 -5.08 Jun-98 RL2   (2) -21.7 -3.74

Jun-98 DL27 (98) 3.9 0.64 Dec-97 HML9  (41) -15.0 -3.36 Jun-98 RL3   (3) -16.2 -3.62

Nov-97 DL3 (75) -12.9 -2.81 Dec-97 HML9A (42) -10.1 -2.68 Nov-97 RL23 (23) 2.4 0.62

Jun-98 DL3 (75) -17.1 -3.29 Dec-97 HML24 (57) -16.5 -2.96 Jun-98 RL23 (23) 0.5 0.19

Nov-97 DL4 (76) -14.1 -2.94 Jun-98 HML24 (57) -13.8 -2.73 Nov-97 RL4   (4) 4.1 1.02

Dec-97 HML6 (38) -19.2 -3.44 Jun-98 RL4   (4) 3.4 0.99

Dec-97 HML7 (39) -20.1 -3.46 Nov-97 RL5   (5) 4 1.04

Jun-98 HML7 (39) -16.9 -3.37 Jun-98 RL5   (5) -0.2 0.03

Dec-97 HML8 (40) -15.1 -3.00 Nov-97 RL6   (6) -3.8 -0.94

Jun-98 HML8 (40) -14.5 -3.19 Jun-98 RL6   (6) -8.3 -1.6

Nov-97 RL8   (8) -13.7 -2.93

Dec-97 RL9   (9) -12.5 -2.59

Dec-97 RL11 (11) -23.1 -4.06

Nov-97 RL12 (12) -18.7 -3.62

Intermediate confining unit

Nov-97 DL2 (74) -11.9 -2.49 Dec-97 HML30 (63) -13.7 -2.42 Nov-97 RL22 (22) 1.7 0.47

Jun-98 DL2 (74) -12.4 -2.51 Jun-98 HML30 (63) -15.6 -3.14 Jun-98 RL22 (22) 1.1 0.60

Upper Floridan aquifer

Nov-97 DL1 (73) -11.5 -2.47 Dec-97 HML31 (64) -14.4 -2.96 Nov-97 RL aug (26) -1.9 -0.41

Jun-98 DL1 (73) -12.2 -2.6 Jun-98 HML31 (64) -14.5 -3.19 Jul-98 RL aug1 (26) -4.4 -0.76

1 The original augmentation well collapsed in June 1998 and a nearby well (approximately 500 feet to the northeast with similar construction) was 
sampled as a replacement well.
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