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Honorable Farris Bryé,nt, Chairman
Florida State Board of Conservation
Tallahassee, Florida

Dear Governor Bryant:

The Division of Geology will publish, as Report of Investigations
No. 30, ‘“Reconnaissance of the Geology and Ground-Water Re-
sources of Columbia County, Florida,” prepared by Frederick W.
Meyer, geologist with the U. S. Geological Survey, in cooperation
with this department and with the Board of County Commissioners,
Columbia County.

The Floridan aquifer was found to be principal source of ground
water in the area, containing artesian water in the northern part of
Columbia County, and being recharged in the southern part of the
county. A few wells in the northern part of the county tap water
present in sediments that lie above the Floridan aquifer. These
shallow waters are generally high in iron and tannic acid. The
details on the geology and hydrology necessary to conserve and
utilize the water available to the residents of Columbia County are
presented in this study.

Respectfully yours,

Robert O. Vernon
Director and State Geologist
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RECONNAISSANCE OF
THE GEOLOGY AND GROUND-WATER RESOURCES OF
COLUMBIA COUNTY, FLORIDA
. By
Frederick W. Meyer
ABSTRACT

Columbia County comprises an area of about 786 square miles
in the north-central part of the Florida Peninsula. The average
annual rainfall is about 50 inches, and the average annual
temperature is about 69°F.

The northern two-thirds of the county is a moderately flat, poorly
drained region that ranges from about 100 to 215 feet above mean
sea level. The southern one-third of the county is a hilly, well
drained, sinkhole region that ranges from about 25 to 200 feet
above mean sea level.

The Floridan aquifer, the principal source of ground water in
the area, consists of the Lake City Limestone, Avon Park Lime-
stone, and the Ocala Group, all of Eocene Age; the Suwannee
Limestone of Oligocene Age; and an unnamed sandstone and
limestone unit of Miocene Age. In the northern part of Columbia
County the aquifer is generally artesian and the top occurs about
100-200 feet below the land surface. In the southern part of the
county the aquifer is generally nonartesian.

Because the water in the Avon Park and older formations
generally is very hard and in places is highly mineralized, few water
wells in Columbia County are deeper than the base of the Ocala
Group. The depth to which wells are drilled depends on the location
and the quantity of water needed. Only a few are deeper than 300
feet and most are less than 200 feet deep. Yields are as much as
1,000 gpm (gallons per minute). Although artesian conditions exist
in the Floridan aquifer in the northern part of the county and
locally in the southern part, nowhere is the pressure great enough
for wells to flow. The water in the aquifer in Columbia County
is replenished by underflow from the north and northeast and by
infiltration from the land surface. The water moves westward and
southward, discharging into the Suwannee, Ichatucknee, and Santa
Fe rivers. An aquifer test at Lake City indicates that the coef-
ficient of transmissibility is about 270,000 gpd (gallons per day)
per foot and that the coefficient of storage is about 0.0008. In the
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2 FLORIDA GEOLOGICAL SURVEY

southern part of the county the water in the Floridan aquifer may
become polluted by recharge through sinkholes or from the rivers
when they are at high stages.

A few wells in the northern half of Columbia County tap either
the secondary artesian aquifer in the Hawthorn Formation of
Miocene Age or the nonartesian aquifer in the unconsolidated
deposits of Pleistocene and Recent Age. Most of these wells are less
than 100 feet deep and yield only small quantities of water. The
water in the Hawthorn is under slight artesian pressure whereas
that in the Pleistocene and Recent deposits is nonartesian. Although
generally of good chemical quality, the water in these aquifers
locally eontains an excessive quantity of iron or tannic acid.

Rocks below about 1,600 feet contain highly mineralized water.

INTRODUCTION

The rapid growth of population and industry in the State of '
Florida has created the problem of locating and developing new
sources of ground-water supply. The Columbia County Board of
Commissioners and the Lake City Chamber of Commerce recognized
this problem and requested the U. S. Geological Survey to make -
an investigation of the ground-water resources of the county in
cooperation with the Florida Geological Survey.

The purpose of the investigation was to obtain hydrologic and
geologic data concerning the following: (1) the extent and thick-
ness of water-bearing materials; (2) the causes of fluctuation of
water levels in wells; (8) an approximation of the transmissibility
and storage capacities of the water-bearing materials; and (4) the
quality of the ground water.

Field studies began in May 1957 and ended in November 1957
and consisted of the following:

1. Inventory of wells, including compilation of data on their
location, depth, diameter and length of casing, depth to water
level, yield, and water use. 7

2. Study of the geologic information obtained from wells and
exposures of rock formations to determine the thickness, lithologic
character, and areal extent of the water-bearing formations.

3. Determination of the water-transmitting and water-storing
capacities of the water-bearing formations at the Lake City well
field.

4. Collection and study of water-level records from wells to
determine the seasonal fluctuation.
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5. Sampling of water from wells and springs to determine the
chemical quality.

6. Determination of the approximate altitude of measuring
points for water level and geologic correlation.

The investigation was made under the general supervision of
A. N. Sayre, former chief of the Ground Water Branch, and under
the immediate supervision of M. I. Rorabaugh, district engineer, of
the U. S. Geological Survey. '

PREVIOUS INVESTIGATIONS

No detailed investigations of the geology and ground-water
resources of Columbia County had been made prior to this investi-
gation. Reports by Cooke (1945), Applin and Applin (1944),
Vernon (1951), and Puri (1957) include information on the geology
of Columbia County, and reports by Stringfield (1936) and Cooper,
Kenner, and Brown (1953) briefly describe the hydrology. Chemical
analyses of the ground water in Columbia County are published in
reports by Black and Brown (1951) and Collins and Howard
(1928).

ACKNOWLEDGMENTS

Appreciation is expressed to the many persons who contributed
information and cooperated in the collection of data. Residents of
the area supplied information and permitted measurements to be
made in their wells. The following local well-drilling companies
provided much useful data: Rotary Tool Company, Lake City; Witt
Electric Company, Lake City; and Acme Drilling Company, Gaines-
ville. Mr. J. J. Willhoit of the Rotary Tool Company collected and
saved rock cuttings from several wells and Mr. B. F. Martin of the
Lake City water plant cooperated in the quantitative studies in the
Lake City well field. Officers of the U. S. Forest Service provided
office space and field assistance during the course of the
investigation.

WELL-NUMBERING SYSTEM

The well-numbering system in Florida is based on a statewide
grid of 1-minute parallels of latitude and 1-minute meridians of
longitude (fig. 1). A well number is a composite of three parts
separated by hyphens. The first part of the number assigned to a
_given well is composed of the last digit of the degree and the two
digits of the minute that identifies the latitude on the south side of
the -1-minute quadrangle in which the well is located. The second
part of the number is composed of the last digit of the degree and
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Figure 1. Well-numbering system.

two digits of the minute that identifies the longitude on the east
side of the same 1-minute quadrangle. The third part of the number
indicates whether the well was the first, second, third, etec., inven-
toried in that quadrangle. Each well is also identified in table 7
by its location within either the Federal system of rectangular
surveys or within the Georgia Military Grid System. All of
Columbia County, except for a strip less than a mile wide along the
Georgia-Florida state line, is within the Federal system.

GEOGRAPHY

LOCATION AND EXTENT OF THE AREA

Columbia County comprises an area of about 786 square miles in
the north-central part of the Florida Peninsula (fig. 2). It is
bounded on the north by Clinch and Echols counties, Georgia; dén
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Figure 2. Peninsular Florida showing the location of Colunmibia County.
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the east by Baker and Union counties, on the south by Alachua and
Gilehrist counties, and on the west by Suwannee and Hamilton
counties, Florida (fig. 4). It is roughly rectangular in shape,
measuring about 53 miles from north to south and about 20 miles
from east to west. Rivers and streams comprise about one-half of
the county’s boundary. The Suwannee River forms the northwest
boundary ; and Olustee Creek, the Santa Fe River, and the Ichatuck-
nee River form part of the southeast and southwest boundaries.
Geologic and hydrologic data were obtained locally in the surround-
ing counties because data were not obtainable near the border in
Columbia County.
CULTURAL FEATURES

In 1960, Columbia County had a population of 20,077, or 10
percent more than the population in 1950, and ranked thirty-sixth
in population in the State.

New methods in forestry and agriculture have changed the basic
economy from the once flourishing sawmill and turpentine industry
to the pulpwood-producing industry and farming. Large pulpwood
forests grow on poorly drained, sandy, “flatwoods” land in the
northern two-thirds of the county. Most of these forests are either
owned or leased by large pulp and paper companies. New methods
of selective cutting, burning, harvesting, and reforestation are used
to increase and insure the future supply of pulpwood and to preserve
the watershed areas. The Osceola National Forest includes 125
square miles of northeastern Columbia County. Here the U. S.
Forest Service conducts research on new methods of production,
fire and pest control, naval store development, and other projects
related to forest management. The well-drained southern part of
the county is more suitable for agricultural use. The chief agricul-
tural products are tobacco, peanuts, corn, sugar cane, watermelons,
eggs, poultry, beef cattle, and hogs.

Lake City is the county seat of Columbia County. Lake City was
formerly known as Alligator, after the Indian Chief Halpatter
Tustenugee, whose name meant “alligator warrior.” The name was
changed to Lake City in 1859 because of the many sinkhole lakes
in and near the city. The poorly drained prairie basin about a
mile southeast of Lake City retains its original name, Alligator
Lake. Lake City is the largest municipality in north-central Florida
with a population of 9,465 in 1960, or about 25 percent more than
its population in 1950.

Lake City is a point of convergence for north-to-south al}d
east-to-west commerce in north-central Florida. It is located 60
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miles west of Jacksonville and 109 miles east of Tallahassee, the
State capitol. Lake City is served by several federal and state high-
ways and three railroads.

Water for the Lake City municipal supply is pumped from wells.
Although the capacity of the existing facilities is about 8 million
gpd, pumpage averages only a third of that amount.

A large abandoned phosphate mining distriet is near Fort White
in the southern part of Columbia County. Hard-rock phosphate and
phosphatic clay occur in several other places in southern Columbia
County. Chert and soft limestone, quarried in the southern part of
the county, are used for road metal and fill.

CLIMATE

The climate of Columbia County is humid subtropical. The
average annual temperature for the T4-year period of record is
69.2°F. The coldest months, December and January, average about
56.6°F with occasional periods of freezing. The warmest month
is August, averaging 81.2°F.

According to U.S. Weather Bureau records, the average annual
rainfall at Lake City for a 65-year period of record (1893-1957)
is 50.50 inches. Rainfall is greatest from June through September
and least from December through February. The spring of 1957
terminated a period of about 3 years of below-normal rainfall.
Figure 3 shows the cumulative departure of rainfall from the
average rainfall for a 65-year period (1893-1957) at Lake City. A
comparison of rainfall at five weather stations within a 30-mile
radius of Lake City shows an unequal distribution of rainfaill in
the area (table 1). For example, a comparison of the rainfall
© during June at the five selected stations shows maximum variation
of 2.34 inches in 1955, 6.40 inches in 1956, and 9.25 inches in 1957.

TOPOGRAPHY AND DRAINAGE

Columbia County is divided into two topographic regions, the
Central Highlands and the Coastal Lowlands (Cooke, 1945, p. 8).
The term Central Highlands generally refers to those areas which
are more than 100 feet above msl (mean sea level). The Coastal
Lowlands generally refers to those areas which are less than 100
feet above msl, except for the area occupied by the present
Okefenokee Swamp (fig. 4).

CENTRAL HIGHLANDS

The Central Highlands in Columbia County are composed of
clay and sand which were terraced by seas of Early Pleistocene Age.
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Figure 3. Graphs showing the total annual rainfall and the cumulative
departure from the average rainfall at Lake City, 1893-1957.

These terraces occurred at different elevations above sea level. - The
Coharie (170 feet above msl) and Sunderland (215 feet above msl)
terraces (Cooke, 1945, p. 277-278) are the highest in the county.
The Okefenokee terrace (MacNeil, 1949, p. 101) was formed when
sea level was about 150 feet above the present level and includes the
basin of the present Okefenokee Swamp. The Okefenokee Swamp
ranges in altitude from about 90 to 130 feet above msl and was
once occupied by a shallow intracoastal bay or sound (MacNeil,
1949, p. 101). The Wicomico terrace (100 feet above msl) separates
the Central Highlands from the Coastal Lowlands.

Remants of the Coharie and Sunderland terraces form a high
ridge which crosses central Columbia County from west to east.:.
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TABLE 1. Monthly Rainfall at Five Weather Stations Within a
30-Mile Radius of Lake City

(Data from U.S. Weather Bureau unless indicated otherwise)

Station
Lake City 2 E | Jasperl 9 ESE| High §) rings Live Oak 2 ESE| Glen St. Mary
Month miles miles NW (23 miles (17 miles WNW! (26 miles E
of Lake City) | of Lake City) | of Lake City) | of Lake City) | of Lake City)
1955
Jan. 3.55 4.62 4.20 3.99 3.66
Feb. 2.79 2.50 4.00 2,18 2.39
Mar 1.22 1.50 1.53 1.57 1.40
Apr. 1.03 2.75 1.56 1.49 1.20
May 2.53 3.04 2.31 1.82 2.85
June 5.12 2.78 4.99 3.49 4.36
July 3.73 5.68 3.65 9.11 11.11
Aug. 2.05 2.30 5.36 .60 4.56
Sept. 5.99 6.72 1.75 5.03 9.31
Oct. 3.05 2.05 1.74 3.55 2.49
Nov .65 1.40 1.57 72 1.19
Dec .26 .40 .24 .20 .50
Total 31.97 35.74 32.90 33.75 45.02
1956
Jan. 3.08 4.10 3.35 2.96 2.90
Feb. 3.13 3.15 2.82 3.02 3.33
Mar. 1.35 3.05 16 1.55 1.23
Apr. 2.71 4.43 3.08 3.12 2.68
ay 3.56 6.20 4.58 . 7.58 5.68
June 10.03 7.35 8.32 3.63 7.69
July 6.21 5.57 6.79 6.17 4.74
Aug. 1.17 4.60 5.28 4.57 1.91
Sept. 8.14 3.97 4.43 4.45 5.82
Oct. 9.68 3.55 4.66 5.59 8.18
Nov. 1.46 25 .13 .20 .81
Dec. .10 .65 .08 33 .50
Total 50.62 46.87 44.28 43.17 45.47
1957
Jan. 0.33 1.16 0.27 0.44 0.59
Feb. 2.76 2.17 2.13 1.51 2.02
Mar. 5.70 6.41 4.40 6.16 5.55
Apr. 3.43 5.92 5.30 3.70 3.66
ay 7.40 5.57 4.35 4.15 13.81
June 12.90 8.88 11.30 18.13 11.32
July 4.72 8.47 4,32 11.66 8.99
Aug, 5.15 7.44 8.35 4.84 7.49
Sept. a5.18 8.70 8.46 11.30 5.35
Oct. 1.41 2.74 3.01 2.52 1.57
Nov. 5.03 7.33 1.96 6.07 3.26
Dec. 1. 2.00 1.41 1.89 1.35
Total ab5.64 66.79 55.26 72.37 64.96

1 Changed to station Jasper 3 SE, 23 miles NW of Lake City, in 1957.
a Measurement made by the Florida Forest Service.

The ridge passes through Wellborn, Lake City, and Olustee, and
trends along the southeastern side of the county from Olustee to
Mikesville (fig. 4).

The ridge existed as a chain of islands, or keys, which formed
the southern boundary of the ancestral Okefenokee Sound. The
surface of the ridge is a sandy, almost level, poorly to well drained
area that is commonly referred to as “flatwoods.” Solution depres-
sions and sinkhole lakes are common, the largest of which are Ocean
Pond in Baker County, and Alligator Lake in Columbia County.
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The ridge is dramed by trlbutary streams of the Suwannee Rlveu: o
which lies to the west of Columbia County, and by tnbutarl&s to
the St. Marys River which lies northeast of Columbia County The
east-west portion of the ridge forms a surface-water d1v1de between
water flowing to the north and to the south "

In Columbia County, the Okefenokee terrace is d1v1ded by the
remnants of the ridge. North of the -east-west ridge the gently
sloping surface of the terrace forms the basin of the present
Okefenokee Swamp. South of the ridge theterrace is bounded by an
escarpment formed by erosion during the 100-foot level of the
Pleistocene sea. ' The terrace north and south of the ridge is
underlain predominantly by sand and clay.

North of the ridge, the surface of the Okefenokee terrace slopes
gently northward from about 150 feet above msl to about 90 feet
above msl along the Georgia-Florida State line. The surficial sand
of the terrace is slightly calcareous, fine grained, and argillaceous.
The upper 2 to 5 feet contain organic material which is an indication
of poor drainage. Large quiescent sand bars or. sand dunes which
rim the present Okefenokee Swamp are propablkremnants of the
former shoreline of the ancestral Okefenokee Sound. Surface
drainage is either westward to the Suwannee Rlver ‘or eastward to
the St. Marys River.

The Suwannee River changes dlrectlon from south to West ata -
point about 6 miles east-northeast of White Sprmgs ‘where its
valley crosses and intersects a hard, calcareous bed of clay. The
river crosses and intersects limestone between Whlte Springs and
a point 6 miles east-northeast of White Spnngs Above the point
of intersection, the flow in the river depends mostly on runoff of
local rainfall. Below the point of intersection, the increased base
flow of the river is attributed to Iarge springs in - the exposed
limestone.

Falling Creek, which is captured by a smkhole, is typlcal of
the creeks in the karst topography. A 7- to:8-foot waterfall is
formed where the creek flows over a dense, gray, sandy, .indurated;
phosphatic clay bed which caps a soft, light green, sandy- clay. -
Downstream from the falls the valley is entrenched about 20 feet
into the clay. About a quarter of a mile downstream, the valley*
becomes a maze of incised meanders and. terminates: at a smkhole N
located about 0.7 mile. east—nomj:heast of 'Wmfleld ' .

That part of the Okefenokee terrace that h_w o the: sou" ';;’ -
of the east-west’ rldge is flat and’ poorly' to 'well’k dramed (flg 4)*«1'
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The surficial sand is mostly fine grained and is about 50 feet thick
in the eastern part of Columbia County and thin to absent in the
remaining area. Remnants of the terraced underlying sediments
are prominent between Lake City and Fort White. The valleys of
Clay Hole and Rose creeks occur along the base of the remnants and
. terminate in a group of sinkholes near the town of Columbia.

The Okefenokee terrace in southern Columbia County is drained
principally by Olustee, Clay Hole, and Rose creeks, fributaries of
the Santa Fe River. Olustee Creek depends largely on surface
runoff from the swamps and flatwoods of the Central Highlands
in Columbia, Baker, and Union counties. However, the flow of
Olustee Creek increases or decreases, depending upon ground-water
conditions, from its headwaters to the confluence with the Santa Fe
River valley. The valley of Olustee Creek apparently follows the
joints or fractures in the underlying limestone. At O’leno State
Park, flow of Olustee Creek and the Santa Fe River is captured by
a sinkhole in the limestone. The river disappears underground and
emerges through springs 8 miles southwest of the sinkhole.

Clay Hole and Rose creeks, in the central part of Columbia
County, have the same general hydrologic characteristics as the
downstream parts of Olustee Creek and the Santa Fe River. These
streams either disappear entirely into sinkholes or lose water to
the underlying limestone by. percolation.

COASTAL LOWLANDS

A

- The Coastal Lowlands is a region of karst topography, which
ranges from approximately 25 to 100 feet above msl. The region
was terraced by the Wicomico (100-foot), Penholaway (70-foot),
Talbot (42-foot), and Pamlico (25-foot) seas of the Pleistocene
interglacial periods (Cooke, 1939). The surfaces of the terraces
have been greatly modified by erosion and subsurface collapse of the
underlying limestones. The Coastal Lowlands occupies the south-
west part of Columbia County and extends up the valleys of Olustee
Creek, the Santa Fe River, and the Suwannee River. The region is
bounded on the north by a terrace escarpment which forms the
southern boundary of the Okefenokee terrace. The scarp exposes as
much as 50 feet of clastic sediments that contain fossils of coral
colonies, which local residents misidentify as petrified wood.

. The Coastal Lowlands is underlain by low, rolling, flattened
hills of silicified, cavernous limestone. The limestone is overlain and
filled by sand and clay. Aerial photographs show many circular,
collapsed sinkholes which are aligned principally parallel or normal
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to the major drainage features. The sinkholes are connected
at the surface by gulleys, or valleys, of intermittent streams
of an ancestral drainage system. Some of these sinkholes probably
were springs through which ground water was discharged when
sea level was slightly higher than the present sea level. Northwest
of Fort White an old valley scar of the Ichatucknee River indicates
an ancestral river that probably drained all of south-central
Columbia County and had Rose and Clay Hole creeks as its
headwaters. However, the formation of sinkholes in the underlying,
porous limestone probably is responsible for intercepting the river’s
headwaters and for the ultimate disappearance of part of the river.
The present Ichatucknee River originates at a series of springs in
the limestone.

Because most of the precipitation on the Coastal Lowlands either
evaporates or percolates into the ground, a well integrated drainage
pattern of streams has never developed in the southern part of the
county. The few perennial streams crossing the Coastal Lowlands
are fed predominantly by springs rather than by surface runoff.

GEOLOGY

The geology of Columbia County is described because the geology
controls the occurrence of ground water. Most of the geologic data
were obtained from surface exposures and from water wells that
were drilled to depths ranging from 100 to 300 feet below land
surface in sediments ranging from Late Eocene to Recent in age.
However, additional geologic information on the characteristics of
deeper formations was available because of recent exploration for
oil in the area.

The interpretation of electric logs of oil test wells indicates that
2,800 to 3,460 feet of sediments, ranging from Early Cretaceous to
Recent in age, unconformably overlie structurally high, complex,
basement rocks of Paleozoic Age. The sediments, which range in
age from Early Cretaceous through Early Eocene consist primarily
of marine limestone, some evaporites, and clay. These rocks have
low permeabilities. The sediments overlying these rocks range
from early Middle Eocene through Early or perhaps Middle
Miocene in age. They consist predominantly of porous, marine
limestone and form the principal water-bearing formations in the
county. These marine limestones are overlain by sediments, rang-
ing from Middle Miocene to Recent in age, which consist primarily
of sand and clay. 4
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The descriptions of the surface and subsurface rocks in Columbia
County are based on examination of rock cuttings from water wells
and test holes drilled by the U.S. Corps of Engineers; interpretation
of the electric logs, and examination of miscellaneous rock samples
from oil test wells; and the examination of rock exposures. The
geologic units of Columbia County are listed in table 2.! The
sections which show the thickness of the geologic units and their
altitude referred to mean sea level are presented in figures 5, 6,
and 7. ‘

PALEOZOIC AND MESOZOIC ROCKS

Sedimentary rocks of Paleozoic Age are present at depths
ranging from about 2,600 to 8,300 feet below msl. These rocks
consist chiefly of quartzitic sandstone and dense, dark shale (Ap-
plin, 1951, p. 18). Fossils indicate that their probable age is Late
Silurian or Early Devonian. Intrusions of diabase, which Applin
(1951, p. 15) has assigned to the Triassic Period, occur in the
Paleozoic rocks. The Paleozoic rocks are overlain unconformably
by rocks of Cretaceous Age. The Lower Cretaceous or Comanche
(?) beds consist of interbedded red shale and sandstone which
pinch out on the flanks of the Peninsular arch. The Comanche(?)
beds are overlain unconformably by deposits of the Gulf Series of
Late Cretaceous Age. The Gulf Series includes the Atkinson
Formation which consists of beds of Woodbine Age and beds of
Eagle Ford Age; beds of Austin Age; beds of Taylor Age; and the
Lawson Limestone of Navarro Age. Except for the basal part,
which consists of shale, clay, and glauconitic sand, the Gulf Series
consists mostly of marine limestone. The lower beds of the Gulf
Series wedge out and are partially absent over the crest of the
Peninsular arch (fig. 5, 6, 7), suggesting either that the Late
Cretaceous sea encroached on a structurally high area or that the
arch was being uplifted at the time the basal sediments of the
Gulf Series were being deposited. These rocks are at considerable
depth, of low permeability and the water contained in them is of
poor chemical quality. These rocks are discussed in detail in pub-
lished reports, particularly Applin (1944), Applin (1951), and
Vernon (1951).

iThe stratigraphic nomenclature used in this report is that of the Florida
Geological Survey and_does not necessarily conform to that of the U.S.
Geological Survey.
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TERTIARY SYSTEM
PALEOCENE SERIES

Cedar Keys Formation: The name Cedar Keys Formation was
proposed by Cole (1944, p. 27-28) and the name Cedar Keys Lime-
stone was applied to the same unit by Cooke (1945, p. 33-35). The
Florida Geological Survey adopted the former name, whereas the
U.S. Geological Survey adopted the latter. The Cedar Keys
Formation disconformably overlies Cretaceous limestone.

The lower section of the formation is dolomitic. Near the middle
of the formation there is a distinet marker bed of clay that is easily
recognized on electric logs. The greater part of the formation is
dense to porous, gray to white to brown, fragmental limestone that
is impregnated with gypsum and anhydrite. Some samples con-
tained red calcareous clay, and pyrite. The formation is about 450
feet thick in the southwestern part of Columbia County and about
400 feet thick in the northern part of the county.

By electric log interpretation, the bottom of the formation was
determined to occur above a zone of high resistivity that was
interpreted as the first occurrence of Cretaceous dolomite. The
top of the formation was determined to occur below a zone of high
resistivity at the base of the overlying Oldsmar Limestone. The
formation is characterized by abundant molds and casts of the
foraminifers Borelis gunteri (Cole) and B. floridanus (Cole).

Locally, the formation may be hydraulically connected to the
underlying and overlying formations. The Cedar Keys Formation
probably contains highly mineralized water and is not used for

water supply.
EOCENE SERIES

Oldsmar Limestone: The Oldsmar Limestone of Early Eocene
or Wilcox Age (Applin and Applin, 1944, p. 1699) conformably
overlies the Cedar Keys Formation.

The Oldsmar Limestone is lithologically similar to both the
underlying Cedar Keys Formation and the overlying Lake City
Limestone. The top half of the formation is a very porous, brown
limestone with some gypsum and anhydrite. The bottom half is a
thick zone of dolomite with chert or anhydrite. The top of the
Oldsmar Limestone was correlated by comparing electric logs of
ten oil test wells with the log of well 010-238-1 (Applin and Applin,
1944) at Lake City. The bottom was determined to occur at a
change from high to low resistivity. The formation is about 250
to 850 feet thick.
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The top of the formation in other areas is marked by the
appearance of abundant remains of the foraminifer Helicostegina
gyralis Barker and Grimsdale. The upper part of the formation
could not be easily identified in Columbia County because only a
few rock cuttings were recovered.

Locally, the Oldsmar Limestone probably is hydraulically con-
nected to the underlying Cedar Keys Formation and overlying Lake
City Limestone which is part of the Floridan aquifer. The Oldsmar
Limestone contains water with high concentrations of dissolved
minerals, particularly sulfates and is not used for water supply.

Lake City Limestone: The Lake City Limestone of early Middle
Eocene or Claiborne Age was assigned by Applin and Applin
(1944) to a type section of limestone represented in the rock
cuttings of well 010-238-1 at Lake City. The formation contains
fauna related to that of the Cook Mountain Formation of Clai-
borne Age. The Lake City Limestone conformably overlies the
Oldsmar Limestone.

The formation is composed of alternate layers of dark brown
dolomite and chalky limestone, both of which may contain chert
and gypsum. The base of the formation contains some gypsum and,
perhaps, some anhydrite. The upper part of the formation locally
contains some carbonaceous material and green clay. The formation
is about 500 feet thick.

Well 010-238-1 was used as a basis for the correlation of electric
logs ; however, because of slumping along the edges of the Alligator
Lake area, the top of the formation may be higher than indicated
on the geologic sections (fig. 5, 6, 7).

The top of the formation is marked by the first abundant
appearance of the key foraminifer Dictyoconus americanus Cush-
man. Applin and Jordan (1945, p. 131) list the representative
foraminifers of the Lake City Limestone.

The formation is a part of the Floridan aquifer, but contains
water high in sulfates near the base.

Avon Park Limestone: The Avon Park Limestone of late Middle
Eocene or Claiborne Age disconformably overlies the Lake City
Limestone. The formation was described by Applin .and Applin
(1944, p. 1680, 1686) as a creamy, chalky limestone that generally
has a distinctive and abundant fauna consisting mostly of Fora-
minifera. In some places, however, the limestone is nonfossiliferous
as in well 010-238-1 (Applin and Applin, 1944) and in a well at
Live Oak in Suwannee County where the fossiliferous part of the*
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limestone is absent. The formation is considered to range from
about 170 to 270 feet thick in Columbia County as compared to
sections that are about 400 feet thick in the central part of Florida.

The Avon Park Limestone is a permeable and porous part of
the Floridan aquifer.

Ocala Group: The Ocala Group of Late Eocene or Jackson Age
consists of three limestone formations of similar character. From
oldest to youngest, they are the Inglis, Williston, and Crystal River
Formations (Puri, 1957). The limestone of the Ocala Group has
been subdivided and renamed several times in recent years by
different investigators, but the above nomenclature is currently
being used by the Florida Geological Survey.

Although the several formations of the Ocala Group generally
can be recognized in parts of Columbia County the data are
inadequate for separating the formations in this report. In the fol-
lowing paragraphs the rocks of the Ocala Group are described as
a unit.

The Ocala Group is unconformably underlain by the Avon Park
Limestone and unconformably overlain by deposits ranging from
Oligocene to Recent Age. The approximate altitude of the eroded
upper surface of the Ocala Group in Columbia County is shown by
contours in figure 9. The surface of the Ocala Group is a broad
irregular northeast trending nose. It is highest in southeastern
Columbia County and in the vicinity of Lake City. The shape of
the eroded surface of the Ocala Group appears to have been related
to post-Eocene rejuvenation of the Peninsular arch and/or the
Ocala uplift.

The limestone of the Ocala Group varies from a porous, cream to
white, loose coquina of large foraminifers and shells to a brown,
solution-riddled, echinoid-rich limestone. Locally, the top of the
limestone has been replaced by chert.

Southwestward from Lake City, the top of the Ocala Group is a
yellowish phosphatic clayey coquina of large foraminifers and
echinoids. Solution pipes, horizontal cavities and caverns, and
numerous sinkholes are common. The Ocala Group ranges from
about 150 t0.250 feet in thickness and.crops out in the southern
part of Columbia County. Although the Ocala is a marine deposit,
bones of unidentified terrestrial vertebrates have been found in
quarries in the Ocala Group in southern Columbia County. These
fossils probably occur in younger deposits filling depressions in the
surface of the Ocala Group.
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The Ocala Group is the principal source of potable ground water
in Columbia County. The approximate depth to the top of the Ocala
Group at any place can be calculated by determining the difference
between its altitude, as shown by the contour lines in figure 9,
and the land-surface altitude at the same place. For example, if
at a given location the land-surface altitude is 130 feet above msl
and the limestone surface in figure 9 is approximately 50 feet
below ms]), then the depth required to drill to the top of the Ocala
Group is the sum of the two values, or 180 feet. However, if the
limestone surface in figure 9 is 50 feet above msl, the depth to the
top would be the difference between the values, or 80 feet.

OLIGOCENE SERIES

Suwannee Limestone: The Suwannee Limestone of late Oligocene
Age was described by Cooke and Mansfield (1936, p. 71) as a
yellowish limestone which is exposed along the Suwannee River
downstream from White Springs, Hamilton County. The Suwannee
Limestone unconformably overlies the Ocala Group and is uncon-
formably overlain by sediments of Miocene to Recent Age.

The lower part of the Suwannee Limestone is exposed at the
land surface in the southern part of the county and in the valley
of the Suwannee River near White Springs. The exposures usually
are silicified and contain molds and casts of Cassidulus gould:
Bouvé, an echinoid of Oligocene Age. Exposures of limestone
which occur in the southern part of the county as flat residual
boulders range from 2 to 3 feet in thickness and are underlain in
places by a yellow, pasty, clayey limestone coquina of the Ocala
Group. The limestone is thickest in the western and northwestern
parts of the county and generally thins toward the southern and
eastern parts. It ranges in thickness from 40 to 50 feet in the
northern and western parts of the county to possibly a few feet
in the extreme southern part. Locally, between Suwannee County
and Lake City, the limestone is apparently absent owing to solu-
tion, collapse, or perhaps, erosion. The formation decreases in
thickness from about 20 feet at Lake City to less than 5 feet at
well 012-221-1 in Baker County. In the south-central part of -
Columbia County, the formation is perhaps 20 to 30 feet thick
under the hills and seems to be thin or absent in depressed areas.
In some places the top of the formation is a very porous to dense,
gray to white, fragmental limestone; in other places it is a dense,
brown to gray, dolomitic or cherty limestone; and in still other
places it is a soft, white, and pasty limestone that contains seams



REPORT OF INVESTIGATION No. 30 19

of olive drab to black clay. The formation contains solution pipes,
many of which are filled with fine to coarse, quartz or phosphatic
sand and light green clay.

The limestone of the Suwannee Formation is a permeable and
porous part of the Floridan aquifer.

MIOCENE AND PLIOCENE SERIES

Geologists in Florida are not agreed as to the ages or relation-
ships of sediments at or near the boundary between Miocene and
Pliocene time. Cooke (1945, p. 200-201) suggests that the Alachua
Formation was formed by the compacted residues of Middle and
Late Miocene Formations and is of Pliocene Age. In contrast,
Vernon (1951, p. 182) suggests that the Alachua is the terrestrial
equivalent of the entire marine Miocene and ranges from Early
Miocene to Pleistocene in age.

In the area of this report, terrestrial sediments probably
equivalent to the Alachua of Cooke (1945) apparently overlie and
interfinger into the Hawthorn Formation and therefore are
considered to be of Miocene or Pliocene Age. The Miocene sand-
stone and limestone deposits that underlie the Hawthorn Formation
may include deposits equivalent to the Tampa Limestone and part
of the Hawthorn Formation. The Hawthorn Formation is limited
to the sandy clays with interbedded phosphatic limestone laminae
that lie above the Miocene sandstone and limestone unit. Some
sand and clay of Pliocene Age may be included 1n the Pleistocene
and Recent deposits.

The sediments of Miocene Age are about 200 feet thick in the
northern part of Columbia County and are thin to absent in the
extreme southern part of the county.

Miocene Sandstone and Limestone: Deposits of Miocene sand-
stone and limestone unconformably overlie the Ocala Group and
Suwannee Limestone and probably disconformably underhe the
Hawthorn and Alachua (?) Formations.

Fragments of white, sandy limestone containing Sorites sp., a
common foraminifer of Miocene Age, are found in rock cuttings
from wells in the northern half of Columbia County. Fragments of
mollusks, shark teeth, and ostracods are common along with thin
beds of green clay which occur at irregular intervals.. No specimens
of Archaias floridanus (Conrad), a key foraminifer of the Tampa
Limestone, were noted in the cuttings; therefore, the deposﬂ:s may
be part of the Hawthorn Formation.
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The unit is about 70 feet thick in extreme northern Columbia
County and thins toward Lake City where it is about 20 feet thick.
The unit appears to thin over the southern half of the county, but
generally would not be differentiated from the underlying caver-
nous Suwannee Limestone because of the lack of good rock cuttings
from wells. :

Where the Miocene sandstone and limestone unit is saturated,
it forms the upper part of the Floridan aquifer. Although this
unit may differ in permeability from place to place, it is a fair
source of ground water in the northern half of the county. Locally,
it may contain ground water with high concentrations of iron in
solution.

Hawthorn Formation: The Hawthorn Formation is of Middle
Miocene Age and is composed of gray to green, sandy clay with
interbedded hard phosphatic or dolomitic limestone laminae and
fine to coarse phosphorite sands. The color of the clay varies from
a dark green to black to a light green to gray. The large, water-
worn, phosphorite pebbles that occur within and at the base of the
formation indicate diastems; the contact with the underlying
formations is probably disconformable. Beds of clay of the upper
part of the Hawthorn Formation appear to be equivalent to beds
of sandy clay of the Alachua (?) Formation in the southern part
of the county. The Hawthorn Formation is unconformably overlain
by beds of sand and clay of Recent to Pleistocene Age and, perhaps,
some of Pliocene Age. The Hawthorn Formation is about 150 feet
thick in the extreme northern part of the county and about 100
feet thick in the eastern part. Beds of nearly pure light green clay
are exposed along the valleys of Olustee Creek and the Santa Fe
River.

The known fauna of the Hawthorn Formation in Columbia
County are limited to Ostrea mnormalis Dall, an oyster, and
Siderastraea sp., a colonial coral.

In Columbia County the formation generally acts as a semicon-
fining unit. Although the Hawthorn is itself an aquifer, its
permeability is so much less than that of the underlying beds that
it acts to confine water in the Floridan aquifer. The permeable
limestone beds within the Hawthorn Formation are tapped by
wells for domestic water supplies, but the formation is not
considered an important source of large quantities of ground water.

Alachua (?) Formation: The Alachua (?) Formation of Miocene
or Pliocene Age occurs in the south-cenfral part of Columbia
County, generally in areas of karst topography of the Coastal
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Lowlands. The formation was not differentiated from the Hawthorn
Formation in the southern and western parts of the county in
figures 5, 6, and 7. The sandy clay and sand beds of the Alachua(?)
Formation are not as calcareous and phosphatic as similar beds in
the Hawthorn Formation. Most of the light green to gray clay
is oxidized to shades of white, red, pink, brown, and buff. Where
the clay is pure, it has a characteristically laminated, blocky
appearance. Silicified pieces of the underlying limestone are
generally incorporated in the beds near the base of the formation.

Phosphate ore deposits occur at the base of the Alachua(?)
Formation and are mined in the Fort White area near the Santa Fe
and Ichatucknee rivers.

The area underlain by the Alachua(?) Formation has many
sinkholes caused by the solution and collapse of caverns in the
underlying Ocala Group or Suwannee Limestone or Miocene sand-
stone and limestone unit.

The formation probably acts, in most areas, in conjunction with
the Hawthorn Formation as a semiconfining unit to retain water
under artesian pressure in the Floridan aquifer.

QUATERNARY SYSTEM
PLEISTOCENE AND RECENT DEPOSITS

Sediments of Pleistocene Age were deposited as terrace deposits
by fluctuations of sea level during the “Glacial Age.” These terraces
and terrace deposits are prominent topographic features of the
county. Terraces representing Pleistocene shorelines and their
general altitudes are: (1) the Coharie, 215 feet; (2) the Sunder-
land, 170 feet; (3) the Okefenokee (MacNeil, 1949, p. 101), 150
feet; (4) the Wicomico, 100 feet; (5) the Penholoway, 70 feet;
(6) the Talbot, 42 feet; and possibly (7) the Pamlico, 25 feet
(Cooke, 1945, p. 12, 13). The thickest accumulation of Pleistocene
deposits is in eastern Columbia County where approximately 40
feet of sand unconformably overlies the Hawthorn Formation. The
sand is mostly fine grained and argillaceous at the surface but
coarsens with increasing depth. Large pebbles of phosphate and
quartz are commonly found at the base of the sand.

The beds and lenses of the Pleistocene Series serve as a
temporary storage reservoir for water which percolates into the
underlying Hawthorn Formation and, in places of low artesian
head, percolates through the Hawthorn Formation into the Floridan
aquifer. In southern Columbia County perched water bodies exist
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locally in the Pleistocene deposits but they are of limited extent and
are used for domestic supply in only a few places.

Recent deposits consisting of sand, clay, and gravel usually
occur beneath the flood plains of rivers and streams in the
topographic lows of the county. Fine, windblown sand usually
mantles the high areas. Deposits of peat and muck are being formed
in the bottom of plugged sinkholes, lakes, swamps, and other poorly
drained areas. '

Deposits of Pleistocene and Recent Age are of limited extent and
thickness and they are used only locally for domestic water supply.

STRUCTURE

The geology of Columbia County is probably related to a large
anticlinal fold named the Peninsular arch by Applin (1951, p. 3).
The arch, according to Applin, is about 275 miles long and trends
southeast to northwest forming the axis of the Florida Peninsula.
Its highest recorded point is in well 009-236-4 near Lake City.
(fig. 5, 6, 7).

The high at Lake City appears to be on a north-northeastward
plunging nose in the Paleozoic rocks. Uplift of the arch or down-
warping around its circumference caused fractures to develop in’
the overlying sediments. These fractures probably affect the
courses of rivers and streams in the region.

The Peninsular arch was probably formed by regional uplift
during the Mesozoic and Cenozoic Eras- (Applin, 1951, p. 17).
This is apparent from the onlap of seas during Early and.Late
Cretaceous time but the area was again an area of uplift during
the Tertiary Period (fig. 5, 6, 7). Uplift since Taylor time is shown
by contours on top of beds of Taylor Age in figure 8.

The Ocala uplift (Vernon, 1951, p. 54) ciirves northeastward
into central Columbia County. The uplift is reflected in the high
altitude of the top of the Ocala Group as shown in figure 9. The
thickening of beds of Miocene Age northward suggests that uplift
and contemporaneous deposition took place during post-Eocene
time. The general axial trends of the post-Cretaceous and post-
Eocene structures, as shown in figures 8 and 9, suggest that in
Columbia County the Ocala uplift is probably related to movements
of the Peninsular arch. '

GROUND WATER

Ground water is the subsurface water in the zone of saturation,
the zone in which all pore spaces of the soil or rocks are completely
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Figure 6. Geologic section in Columbia County along line B-B’

filled with water under atmospheric or greater pressure. The
water in the zone of saturation is derived from infiltration of
precipitation, and once in the zone of saturation it moves laterally
under the influence of gravity toward places of discharge such as
wells, springs, or the sea. The formation, group of formations, or
part of a formation that permits the passage of water is known
as an aquifer.
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Where ground water only partly fills an aquifer the surface of
the water, the water table, is free to rise and fall and the water
is said to be under water-table or nonartesian conditions. If, how-
ever, the ground water is confined beneath a relatively impermeable
bed or formation, the surface is no longer free to rise and the
ground water is said to be confined under artesian pressure. The
height to which the water will rise in tightly cased wells that tap
an artesian aquifer is defined as the piezometric surface of the
aquifer. Where the piezometric surface is lower than the water
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Figure 8. Columbia County showing configuration on top of beds of
Taylor Age.
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table, the water may move downward from the nonartesian aquifer
into the artesian aquifer. Where the water table is lower than the
piezometric surface, water may move upward from the artesian
aquifer into the nonartesian aquifer or to flowing wells and springs.

Ground water in Columbia County occurs under both nonartesian
and artesian conditions. The Hawthorn Formation and the
Floridan aquifer are in part artesian. The Floridan aquifer-is the
principal source of ground water in the area and includes all or
parts of formations ranging in age from Middle Eocene to Miocene
or Pliocene.

NONARTESIAN AQUIFER

The nonartesian aquifer is composed primarily of sediments of
Pleistocene and Recent Age. However, in some areas water-table
conditions exist in the sand and clay of the formation of Miocene
or Pliocene Age and in the Floridan aquifer. The source of re-
charge to the nonartesian aquifer is local rainfall.

The nonartesian aquifer is continually gaining water by recharge
and losing water by discharge. The water table rises and falls in
response to barometric and tidal fluctuations, but the most
important changes are in the amount of ground water in storage.
In this respect the water table acts like the water surface of a
lake behind a dam. That is, the water table rises when the amount
of recharge to the aquifer exceeds the amount of discharge and
declines when the recharge is less than the discharge. The water
table conforms generally to the topography of an area; however,
its features usually are more subdued. )

The nonartesian aquifer in Columbia County is divided roughly
into three general areas on the basis of the topography: (1) the
basin of the Okefenokee Swamp on the north side of the east-west
ridge; (2) the Coharie, Sunderland, and Okefenokee terraces on
the south side of the east-west ridge; and (8) the Coastal Low-
lands. The east-west trending topographic divide that crosses
Columbia County through Lake City (fig. 4) probably coincides
with the nonartesian ground-water divide. These features are not
delineated on figure 4 because of insufficient topographic control ;
and ground-water data in zones between the three general areas.— .

The aquifer beneath the Okefenokee Swamp, in the northern
portion of the county, receives recharge from local precipitation,
surface-water runoff, and ground-water flow from the higher
east-west trending ridge to the south. The average altitude of the
region is about 120 to 130 feet above msl. The area is mantled by
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10 to 30 feet of fine sand. The nonartesian aquifer is underlain
by marls of the Hawthorn Formation.

Discharge from the nonartesian aquifer occurs by evaporation,
transpiration by plants, seepage into streams and lakes, leakage

into the underlying Hawthorn Formation, and pumpage by a few
wells.

The water table responds to variations in rainfall; it rises during
periods of excessive rainfall and declines during periods of drought.
Because the water table declined during the period 1955-57, many
sandpoints and dug wells in the region had to be drilled into the
secondary artesian aquifer in the Hawthorn Formation.

Water levels of wells drilled to different depths indicate down-
ward movement of ground water from the nonartesian aquifer
through the Hawthorn Formation into the Floridan aquifer. The
downward percolation occurs where the water table in the non-
artesian aquifer is higher than the piezometric surface in the
underlying artesian aquifer. Evidence of downward percolation is
the decrease in water-table altitude with increase in depth of well
casing and total depth of well, as shown by wells 013-238-3, 4, 5
(table 8) north of Lake City.

The chemiecal quality of the water in the nonartesian aquifer
generally is poor because the concentration of iron and tannic
acid is high.

The temperature of water from the nonartesian aquifer, the
nonartesian zones of the Floridan aquifer, and the secondary
artesian zones in the Hawthorn Formation ranges from approxi-
mately 69° to 71°F.

The nonartesian aquifer underlying the Coharie, Sunderland,
and Okefenokee terraces on the south side of the east-west ridge
in central Columbia County is composed of the sand and clay of
Early Pleistocene Age. The nonartesian aquifer overlies the
Hawthorn Formation or the Alachua(?) Formation. The non-
artesian aquifer ranges in thickness from about 5 to 50 feet. The
upper part of the aquifer is composed of fine sand that contains
some clay and the lower part is a mixture of medium to coarse
sand and clay or phosphate pebbles.

The nonartesian aquifer is discontinuous south of the east-west
ridge where erosion has thinned or completely removed the Pleisto-
cene deposits. The drainage system is well developed in this area
and the streams have steep gradients. Isolated remmnants of the
Okefenokee terrace usually have a veneer of 5 to 10 feet of sand
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and clay which provides a source for small quantities of potable
water. However, the concentration of iron in the water usually
produces undesirable stains and imparts a poor taste to the water.

The Coastal Lowlands region, located in the southern part of the
county, is underlain by beds of sand ranging from 5 to 10 feet in
thickness, except where the sand apparently has filled solution
features and is thicker. The thickness of the deposits in the area
west of Fort White is unknown. The nonartesian ground water
that occurs locally in the sand is “perched.” The water is in a
saturated zone that is separated from the main body of ground
water by unsaturated rock. The “perched” nonartesian aquifer
obtains most of its recharge from local rainfall and is discharged
primarily by evapotranspiration, downward leakage, and springs
discharging into streams.

SECONDARY ARTESIAN AQUIFER

The secondary artesian aquifer consists of the Hawthorn Forma-
tion and the Alachua(?) Formation, singly or together. The
Hawthorn is the more extensive and is indistinguishable from the
Alachua(?) Formation in some localities.

Generally, the secondary artesian aquifer includes many small,
low pressure, artesian zones within the Hawthorn Formation.
These zones are principally limestone or sandstone beds that are
interbedded with sand and clay. The sand and clay serve to confine
the water within each zone under artesian pressure. Ground water
within the aquifers is probably derived from local rainfall. The
piezometric surface of the secondary artesian aquifer varies with
the depth of penetration and is intermediate between the water table
of the nonartesian aquifer and the piezometric surface of the
Floridan aquifer. Wells drilled into the secondary aquifer generally
have greater yields and contain water of different chemical quality
than the overlying nonartesian aquifer. The concentrations of
dissolved solids and total hardness of the water generally increase
with depth of penetration in the secondary aquifer. Partial
analysis of water from two wells in Clinch County, Georgia, one
with a total depth of 185 feet and the other with a total depth of
219 feet, show an increase in bicarbonate (HCO;) from 156
to 558 ppm (parts per million) and an increase in total hardness
(CaCO;) from 164 to 410 ppm. Another well in the area which
penetrated the Floridan aquifer had water with a lower content
of dissolved solids and total hardness than the water from the
secondary aquifer. This probably indicates a more direct source
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of recharge than the downward leakage from the overlying aquifer.
However, it may indicate upward leakage from lower in the
aquifer or it may indicate only a local condition in the area of the
wells.

The water-bearing zone of the secondary artesian aquifer is
about 100 feet thick.

FLORIDAN AQUIFER
OCCURRENCE AND SOURCE

In Flonda, the principal artesian aquifer (Strmgfleld V. T,
1936) has been designated the “Floridan aquifer” by Parker and
others (1955, p. 188). It consists of the Lake City Limestone, Avon
Park Limestone, and the Ocala Group, all of Eocene Age; the
Suwannee Limestone of Oligocene Age; and an unnamed sand-
stone and limestone of Miocene Age. These formations comprising
the Floridan aquifer are the principal source of large quantities of
ground water in Columbia County. Older formations are water
bearing, but the water contains such high concentrations of
dissolved solids that it is not useable for most purposes.

The Floridan aquifer, which is overlain at most locations by the
semiconfining beds of the Hawthorn and Alachua(?) Formations,
occurs beneath all of Columbia County. The altitude of the top of
the aquifer ranges from approximately 80 feet above msl in the
southern part of the county to more than 100 feet below msl in
the northern part of the county (fig. 10). The thickness of the
aquifer ranges from about 900 feet in the southern part of the
county to about 1,100 feet in northern Columbia County (fig. 5).
In general, only the upper few hundred feet of the aquifer are
tapped by wells in Columbia County.

The Floridan aquifer is artesian in the northern part of the
county and nonartesian in the southern part, as far north as Lake
City (fig. 10). The extent of the nonartesian area varies with the
fluctuation of storage in the Floridan aquifer.

MOVEMENT OF WATER AND ITS RELATION
TO THE PIEZOMETRIC SURFACE

The configuration and altitude of the piezometric surface .is
represented by contour lines which connect points of equal pressure.
The direction of movement of water in the aguifer is down the
hydraulic gradient at right angles to the contours. The plezometnc

surface of Columbia County during June 1957 is presented m—_

figure 11.
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The boundary between the artesian and nonartesian areas of
the Floridan aquifer is variable but generally conforms to the 60-
foot contour that crosses the county through Lake City (fig. 11).
The aquifer north of the 60-foot contour is artesian and south of the
60-foot contour it is nonartesian.

In general, the regional direction of ground-water flow in the
artesian aquifer in Columbia County is southwestward. The
relatively uniform slope of the piezometric surface is interrupted
by high and low areas caused by local recharge and discharge.

Thus, locally, the direction of flow may differ from the regional
direction.

RECHARGE

The Floridan aquifer receives much of its recharge from local
rainfall in Columbia, Suwannee, Hamilton, Baker, Union, and
Alachua counties, Florida; and in Clinch and Echols counties of
southeast Georgia. After water enters the aquifer in the recharge
area it moves laterally below the semiconfining beds toward areas
of lower artesian pressure in other parts of Florida and Georgia.
Recharge to the Floridan aquifer occurs where the aquifer is-
exposed at land surface, where sinkholes penetrate the semicon-
fining beds of the Hawthorn Formation, and by infiltration. Re-
charge by infiltration occurs where the water table in the non-
artesian aquifer is higher than the piezometric surface and water
percolates downward through the semiconfining beds into the
Floridan aquifer. In most of Columbia County, recharge occurs
mainly by percolation; however, the Suwannee and Santa Fe
rivers, and Olustee Creek recharge the aquifer locally when the
river levels are above the piezometric surface.

In general, the topography and geology of the region control the
areas of recharge and the pattern of movement of water in the
Floridan aquifer. The area of karst topography in the Coastal
Lowlands is a recharge area for the Floridan aquifer because rain-
fall enters where the limestone is exposed at the surface and where
numerous sinkholes penetrate the overlying semiconfining beds.
The piezometric surface during June 1957 (fig. 11) indicates
recharge in the area 18 miles south of Lake City near Fort
White, and the area 12 miles south of Lake City near Ellisville.
Recharge of the aquifer from rivers and streams occurs during
high stages of the Suwannee River at White Springs and along
the southern boundaries of the county. The direction of flow
is from the river to the aquifer when the surface of the river is
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higher than the piezometric surface of the aquifer. The direction
of flow is reversed when the piezometric surface is higher than
the water level of the river.

DISCHARGE

Ground water is discharged from the aquifer chiefly by springs
and seepage into the Suwannee River, Santa Fe River, Ichatucknee
River, and Olustee Creek. Numerous springs occur throughout
Columbia County but no attempt was made to measure their
flow, and they are not located on any map. In addition to the
discharge into streams, some ground water moves out of the
county into adjacent counties by underflow. A relatively small
amount of water is discharged by wells tapping the aquifer.

The lows on the piezometric surface in the Coastal Lowlands
region (fig. 11) show the drawdown effects of ground-water
discharge by numerous springs. The springs discharge a large
volume of water from storage in the aquifer. The piezometric sur-
face in the southern part of the county occurs more than 20 feet
below the top of the Floridan aquifer (fig. 10). The discharge of
the Ichatucknee River, measured below the springs, on April 12,
1957, was about 250 cfs (cubic feet per second) or about 110,000
gpm. The volume is about 160 times the average daily pumpage
by Lake City. The discharge measurement was made when the
piezometric surface of the Floridan aquifer at Lake City was at
its lowest recorded altitude. Rainfall later in the spring of 1957 was
above normal and the piezometric surface at Lake City rose 4
feet by the fall of 1957 (fig.12). The discharge of the Ichatucknee
River on October 24, 1957 was about 160,000 gpm. The increased
discharge of about 50,000 gpm probably was due to the increased
gradient of the piezometric surface.

FLUCTUATIONS OF THE PIEZOMETRIC SURFACE

The piezometric surface rises when the amount of recharge to
the aquifer exceeds the amount of discharge and declines when
the discharge exceeds the recharge. The relation between discharge
and recharge is indicated by changes in water levels.

Fluectuations of the piezometric surface are caused primarily by:
(1) rainfall in the area, (2) natural ground-water discharge, (3)
changes in barometric pressure, (4) earth tides, and (5) pumping.
Any one of these factors may be dominant at one time and over-
shadow the effects of the others. Therefore, continuous, long-term,
water-level records are necessary to distinguish short-term fluctua-
tions from progressive trends.
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Figure 12. Hydrograph of well 010-238-1 and rainfall at Lake City 1948-57.

The fluctuations of the piezometric surface of the Floridan
aquifer have been recorded since June 1948 in well 010-238-1 at
Lake City. The hydrograph (fig. 12) of the water level in the well
during the period 1948-57 shows a progressive decline of the
piezometric surface. The decline represents a recession from the
peak water levels that resulted from the above-average rainfall in
1947 and 1948 to slightly below-normal water levels that resulted
from below-normal rainfall in 1954 and 1955 (fig. 3, 12). The
maximum decline of the piezometrie surface for this period 1947-55
was about 17.5 feet.

Rainfall recharging the aquifer in the Lake City region causes
a slow rise in the piezometric surface. The difference in time
between the maximum seasonal rainfall and the corresponding
rise in water level (fig. 12) is approximately 5 months. This
lag probably indicates the approximate time necessary for water
to leak from the nonartesian aquifer to the Floridan aquifer.

The daily fluctuations of the piezometric surface in well
010-238-1 and well 004-286-5 near Myrtis are compared to the
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rainfall at a weather station 2 miles east of Lake City (fig. 18). The
graphs show a continuous rise from June through December re-
sulting from regional recharge to the aquifer. Superimposed on
the 7-month trend are small rises which usually follow a heavy
rainfall by 1 to 2 days. The small rises which correlate with local
rainfall indicate localized recharge through sinkholes and possibly
higher water levels due to loading on the aquifer. The almost
identical hydrographs of wells 010-238-1 and 004-236-56 indicate
that hydrologic conditions at Lake City and Myrtis, 8 miles to the
south, are similar.
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Figure 13. Hydrographs of wells 010-238-1 and 004-236-5 and daily rainfall
at Lake City, June-December 1957.

A short-term record on well 001-243-1, 12 miles south-southwest
of Lake City, showed fluctuations similar to those observed in
wells 010-238-1 and 004-236-5 following heavy rainfall. The fluctua-
tions were only half the amplitude of the corresponding fluctua-
tions of wells 010-238-1 and 004-236-5, perhaps an indication of
greater transmissibility and storage capabilities of the aquifer.

Water levels in wells that tap the artesian part of the Floridan
aquifer are affected by barometric fluctuations. The range of
water-level fluctuation in a well may be virtually the same as
that of the water level in a water barometer, or 18.5 times the
range in a mercury barometer. Barometric fluctuations may cause
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“blowing” and “suckmg” wells in the Florldan aqulfer Where lt is
nonartesian and only: partly confined.: This phenomenon oceurs
when the upper part of the- Floridan aqulfer is filled -with air
instead of water.” The water surface. in-the aqulfer rises when
the barometric pressure decreases, forcing part of the air up well -
casings or natural openings, and the opposite reaction occurs when
the barometrie pressure increases. This phenomenon- is - not
observed when the well is cased below the water surface.

Changes in the piezometric surface.of the artesian aquifer are
also cansed by earth tides. The earth-tide cycle is: similar to that
of the sea tides, but the change in piezometric surface is caused

by a rise or fall of the land surface by gravitation effects of the
moon and sun.

The effects of pumpage on the piezometric su'rface' are discussed
in the section on hydrologic properties of the Floridan aquifer..

USE OF GROUND WATER

The table of well records (table 8) gives information on more -
than 300 wells in Columbia County (fig. 14). Many of these wells.
are domestie wells which pump from 10 to 20 gpm. No estimate is -
made of the average daily consumption for domestic purposes i

The largest users of ground water are irrigation and munlclpal
wells which usually pump from 500 to 1,000 gmp. The only -

measured data on pumpage is from the Lake City well field w}uch
pumps about 1 million gpd (table 3).

TABLE 3. Pumpage at the Lake City Well Fie}d
(In 'millions of gallons per month)
(Source: Records of the Lake City Water Department)

1955 . 1956 1957
January . . 24.888 30.692. -
February 22.533 - 28.775
March ) 32.171 : 26.873
April 36.101 - 34.444
May 37.576 32,301
June ) 36.406 -33.487
July . ©30.697 - 37:207
- 20.229 - © 41841 32,227
September 31.795. - . 20.893 . 28.429
October 34459 29042 - 28.840 -
November 27908 " 25187 - - 28.038

December ... 29518 .. . 31744
Average equals 1,025,000 gpd. - . D




UNETEL ST e Db Tab L o

[NET ]

GEOLUGICAL  SURVYEY
L

PRI

byt

AT A T P

b0 etnen, Daeolor

ingbr

i vl o T T IeTioL PTRMBLATE T T T 7
BooRe 8 945I e p C(JU'”' r, GA nedR' | v e A
» 35';1 I T iy \”i.ff_..‘;," AL counTy, o4
s @ 4 . . TN 48 3 -t 1 A ”"e- P b ¥ »- ! T SRy (P, e, 30,4351_._
) } A ‘ tounr Y
l. - i,h S R DU U Y VO N B .
Ve
. >
. | IR "
—30°30 y 30°30
EXPLANATION \.‘ ‘X BENTON| z 3
.' \\l [l l
’ Inyenjoried_well D 2
ond  number =
L\ z i |
N A } X
Surfoce-woter gaging stolion w‘*h\ /j’ v I\.a N ot o
1957 1 \\ 1% St=
ong! E=
~30°85— o, 2 3 4 smie [\ )" j’é P a9
A
o) I\-\ \\'I / mE 4’/L
A & g = P
\i‘&\‘" 2 ¥\ 000&( ,/"’ Ml | 20, / \\ [o+] :,f
®, % [~4 \
\\‘; b, . ol E L N 2
S B LA NP WRErINT : P
—30°20' ' ”.I \\ﬁ 17/ /’[’\ LI /'}‘ d /' /.:\J"Zd—
; AN A SRR AR
NN, el 7
oD 2 ' I %
o N/L ’-"FK'/‘/X // Vol b
™C | 4 e o /-"" X
(37 . Ne " w ,{ (( N ) /// <
-:N;’:o?lﬂ' ! %% L le ./ l.// (( ““ 2\ - o ;
R > K sca B 1 !‘f‘ )i — & /\k\}L l T 30°15—
}!' ,— N\ — !
wsu.emﬂ'%lz L ote Lone \\ a7 /H 7 ocea =
\. .i = » 0= B
:! ¢ wehiie ot .12 _.; Liake ey \\) kk‘ i __4; 2 de
\ , ¥ ‘k’. Harrls ' FE! 218 oLy, S g;a ‘/%féaf”_ “adLysTEE
~30°10 AT (R s e v : . 30°10—
| ' sl SRR e '
AN
3 - T 56 | Ve/ Alligator
| 5 1N | T
ll é A% e 2 N \
¥, AN
a9 J “al 2 > e
4 / -
_aoooll' V' : // gr 24) - spa_
EAL_ 7 iy ] 30°05
4 M o ({ea0=lz 7 %
W A // ™~ K Qé N
[}
< ! (o]
AR / o © N
N A 1 <
15 ol | |
V4 = :
-—30’00'/’ Z ELL||' 238 30°00—
- ,//m N R N ) ,/ .
i n
L~ " 1, \\ | |l \ |\ //
| ——
E#%g ' =~ . L 2-5/[ : S / /
& v S/ o
] /_c = \\5\\ IFT WHITE “| k(E | Santa ) }
o E iver
__29555l sgﬂra 6;( 1 Ld 2 IB l ? é« 'll M 2 £ Munaas'__
. - 0 (2R~
4 (; ’g%’ R N i ﬁ%oo | |\\ ®
21N N Pz i \l
e, = Y A4  INA TV
v
\\" I. Q // v
%, & -
v v/ ndl
-29°50 2, ’&2:»\ L] PRI 29°50'—
L ezrso' 32745_'"— 1 '=T‘" v/ 82:30 82725 i I
. S S MR N ‘

Bdse complled from maps of
Florida State Rood Department.

wells and stream-gaging stations.

Well inventory by F W. Meyer

Figure 14. Columbia County and surrounding ares showing the locations of



REPORT OF INVESTIGATION No. 30 37
HYDRAULIC PROPERTIES OF THE FLORIDAN AQUIFER

The principal hydraulic characteristics of an aquifer are its
abilities to transmit and store water. The coefficient of trans-
missibility, T, is a measure of the capacity of an aquifer to transmit
water. This coefficient is defined as the quantity of water that
passes through a vertical section of the saturated thickness of the
aquifer 1 foot wide, under a unit hydraulic gradient, at the pre-
vailing temperature of the water. It customarily is expressed by
the U.S. Geological Survey in units of gallons per day per foot of
aquifer (gpd per foot). The coefficient of storage, S, is a measure
of the aquifer’s capacity to store water. It is the volume of water
released or taken into storage per unit surface area of the aquifer
per unit change in the component of head normal to that surface.
The value of S varies approximately from 0.0001 to 0.001 in
artesian aquifers and from 0.05 to 0.30 in nonartesian aquifers.

An effective method of determining the coefficients of trans-
missibility and storage is by pumping a well and measuring the
consequent water-level drawdown in the vicinity of the well. When
a well is pumped, the piezometric surface in the vicinity of the well
assumes the shape of an inverted cone having its apex at the center
of withdrawal. The surface is generally referred to as the cone
of depression, and its size and shape depend on the transmissibility
and storage capacities of the aquifer, the rate of pumping, length
of pumping time, and influence of recharge or discharge in the
area.

Theis (Wenzel, 1942) developed a method of determining T and
S from time-drawdown data in observation wells in the vicinity of
a pumped well. The equations have assumptions and restrictions
which are not met in field testing; however, the equations permit
an approximation of the true values. Hantush (1956) developed a
solution introducing a correction for leakance, the ratio of the
vertical permeability of the confining bed to its thickness. The
equation provides a solution to the coefficient of leakance as well
as to the coefficients of transmissibility and storage. H. H. Cooper,
Jr. of the U. S. Geological Survey developed a family of leaky
aquifer curves which, when compared with the curve derived by
the Hantush method, gives values for T, S, and leakance.

In order to determine the transmissibility, storage coefficient,
and leakage of the Floridan aquifer in the Lake City area a
pumping test was conducted on October 17, 1957. Lake City
municipal well 010-237-2 was used as the discharging well and an
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abandoned well, 011-237-1, a distance of 1,150 feet north northeast,
was used for observation of water levels. the test was begun at
6:35 a.m. and ended at 11:35 a.m. with well 010-237-2 discharging
at approximately 650 gpm. The data obtained was compared
with the Theis type curve and yielded a T value of 270,000 gpd
per foot and an S value of 0.0008 (fig. 15). The data was applied
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Figure 15. Logarithmic plot of drawdown versus —= compared with the Theis
r
type curve, Lake City pumping test, October 1957

to the Hantush assumptions for ground water flow in a leaky
aquifer and the resulting curve was compared to the leaky-aquifer
curves of Cooper. The coefficient of transmissibility was again
determined to be approximately 270,000 gpd per foot, the coef-
ficient of storage again was 0.0008, and the coefficient of leak-
age was 0.001 gpd per cubic foot. The values for T and S agree
in both computations and are undoubtedly good approximations
for the upper part of the Floridan aquifer. At present data are
insufficient to determine the accuracy of the coefficient of leakage.
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However, approximations of transmissibility of other wells near
the periphery of Alligator Lake are higher, indicating a probable
source of leakage to the Floridan aquifer. Therefore, the coef-
ficient of leakage probably is invalid because recharge may occur
by means of sinks penetrating the semiconfining beds.

Table 4 shows theoretical values for the coefficient of trans-
missibility for seven wells. The values for T were obtained by
using the Theim (1906) method which is expressed by the
equation

Te
T=527.7

logm
Sw Tw

where

is the specific capacity, r¢ is the estimated radius of the
Sw

cone of depression at equilibrium and ry is the radius of the well.

Field measurements were made to obtain yield and water-level

drawdown data to compute the specific capacity, and values

for re¢ were arbitrarily selected for the following ranges of

pumping rates to be:

rc (feet) pumping (gpm)
20,000 750-1,250
10,000 250- 750
2,000 less than 250

The values of T for wells 010-237-1, 010-237-2, 010-237-3,
010-238-2, and 011-238-3 are for the same part of the aquifer
that was tested in the Lake City well field. The values of T
obtained by the Thiem equation generally are higher than the
values obtained by the Theis equation because the drawdowns
probably did not reach a state of equilibrium and the high trans-
missibility values include the effects of leakage through the con-
fining beds and through many sinkhole lakes in the area. Well
010-237-2 had 4 times the amount of drawdown and a correspond-
ingly low value of transmissibility. This loss in head could be caused
by: (1) a local change in the water-transmitting capacity of the
aquifer, (2) encrustation of the well, and (3) poor well
development.

The data for well 011-238-3 appear to support the value of T
obtained by the pump test. The well is in an area of little apparent
leakage and the transmissibility is on the order of 270,000 gpd
per foot obtained by the Theis method and by the leaky-aquifer
method of Cooper. The lower transmissibility of well 010-238-1



TABLE 4. Theoretical Transmissibility of the Floridan Aquifer in Selected Wells

Depth below Radius of ra%fm?t:gne Specific capacity, | Theoretical coefficient
Well Location land surface well, rw of depression, Q/sw (gpm/ft) of transmissibility
(feet) (feet) rc (feet) (gpd/ft) (rounded)
Columbia County
010-237-1 0.3 miles N, of Alligator Lake 300 0.5 10,000 178 400,000
010-237-2 do. 275 K 10,000 36 80,000
010-237-3 0.2 miles N, of Alligator Lake 310 B 20,000 181 400,000
010-238-1 600 feet W, of Alligator Lake 1,125 5 2,000 50 100,000
010-238-2 75 feet NW of Alligator Lake 360 42 20,000 200 500,000
011-238-3 1.6 miles N, of Alligator Lake 400 1.25 20,000 100 200,000
Baker County
24 miles E, of Lake City 465 | 33 | 10,000 41 100,000

012-222-1

ot
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probably indicates the lower part of the aquifer has a lower
coefficient of transmissibility than the upper zone. The approxi-
mate value of T for well 012-222-1 at the Florida Forest Nursery,
in Baker County, is about the same as that for well 010-238-1. This
may indicate lower values of T in those areas where the aquifer is
overlain by thick deposits of Miocene Age.

Figure 16 is a graph showing the theoretical drawdown in the
vicinity of a well pumping 1,000 gpm for different lengths of time.
The graph was computed by using 270,000 gpd per foot for the
coefficient of transmissibility and 0.0008 for the coefficient of
storage. It is based on the Theis nonequilibrium formula which
assumes there is no leakage or recharge to the aquifer during the
time, t, of continuous pumping. However, the drawdown curve in
figure 13 did show leakage or other recharge to the aquifer at the
test site; consequently, the expanding cone of depression will
intercept recharge and ultimately the recharge within the cone of
depression will equal the pumping rate. Thus, it is expected that
the actual drawdown during the initial period of pumping generally
would closely approximate the drawdowns computed from the
Theis formula. The actual drawdown would be smaller than the
computed drawdowns after the cone of depression began to inter-
cept recharge. The time required to reach a stabilized drawdown
condition possibly would be in the magnitude of months but there
are insufficient data to determine the exact length of time.

Greater or lesser pumping rates will increase or decrease the
drawdown by direct proportion. For example, using the graphs
on figure 16, under the assumed conditions, the drawdown 10 feet
from a well discharging 1,000 gpm for 10 days would be 9.9 feet.
If the well had discharged 100 gpm for the same length of time, the
drawdown at the same distance would be one-tenth as muech or
0.99 feet. )

The curves in figure 17 represent the change in drawdown, at
the center well of straight-line well systems, as the distance between
adjacent wells is changed. The total discharge of each line of
wells was arbitrarily set at 20,000 gpm and the period of discharge
at 1 year. An example of the use of this graph is as follows: If a
well system were required to yield 20,000 gpm with a maximum
drawdown of 120 feet, one would follow across the 120-foot
drawdown line to its intercepts of the curves to determine the
number of wells, discharge rate for each well, and spacing
between adjacent wells. The 120-foot drawdown line intersects
the curve for 40 wells discharging at 500 gpm each at a point



DRAWDOWN, IN FEET

DISTANCE, IN FEET, FROM DISCHARGING WELL

Figure 16. Graph showing the theoretical drawdown in the vicinity of a wel‘l
dischgrging 1,000 gpm.
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Figure 17. Theoretical drawdowns after 1 year of pumping a group of wells
at a rate of 20,000 gpm.

corresponding to a spacing of 815 feet. The 120-foot drawdown
line intersects the curve for 20 wells discharging at 1,000 gpm
each where the spacing is 1,585 feet between wells, and intersects
the curve for 10 wells discharging at 2,000 gpm each where the
wells are spaced 3,140 feet apart. The graph could be used in a
similar manner for any given maximum drawdown. The draw-
downs are almost directly proportional to the total discharge.
Therefore, for greater or lesser rates of discharge, proportionately
lesser or greater maximum drawdown lines should be used. Thus,
in the example above, if the discharge rate had been 5,000 gpm
and the maximum drawdown 30 feet, the 120-foot drawdown line
would have been used.

The coefficients of transmissibility and storage obtained by
the pump test at the Lake City well field may not be representative
of the aquifer in other parts of Columbia County. For example, the
aquifer is probably more permeable in the area south of Lake City
and in this area the drawdown for a given rate of pumping will be
less than the theoretical value determined from the curves on figures
16 and 17. However, the coefficients obtained from the test may
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be applicable in the upper part of the Floridan aquifer in the
vicinity of Lake City.

CHEMICAL QUALITY

The suitability of ground water for municipal, agricultural,
and industrizl supply depends largely on the chemical quality of
the water. A municipal supply requires the water to be: (1) free
of harmful bacteria and toxic materials; (2) pleasant tasting,
clear and odorless; (3) relatively soft, or low in calcium and
magnesium salts; and (4) noncorrosive. For industrial use hard-
ness and corrosiveness are most important and for irrigation the
quantities of dissolved salts and sodium content are most important.

Water first begins to change chemical composition as it absorbs
small quantities of carbon dioxide gas from the atmosphere and
organic material from the soil. The carbon dioxide gas reacts
with the water forming a weak solution of carbonic acid. The
acidic water then percolates through the various geologic forma-
tions dissolving the more soluble minerals. Therefore, the chemical
quality of the ground water generally reflects the mineral compo-
sition and solubility of the water-bearing formations.

Chemical analyses were made of ground-water samples taken at
different depths and at different locations in Columbia County and
vicinity (table 5, 6). Most of the samples were obtained from
wells tapping the Floridan aquifer. The results of the analyses are
given in tables 5 and 6 and the locations of the wells are shown in
figure 14. The analyses are expressed in parts per million; one
part per million is equivalent to a pound of dissolved matter in
a million pounds of water.

Locally important chemical characteristies of the water—hydro-
gen-ion concentration, hardness, dissolved solids, and hydrogen
sulfide—are discussed separately below.

HYDROGEN-ION CONCENTRATION (pH)

The hydrogen-ion concentration, or pH value, of water is a
measure of its acidity or alkalinity. The pH of neutral or distilled
water is 7 which means the water is neither acid nor alkaline.
Values greater than 7 denote increasing alkalinity and values less
than 7 denote increasing acidity. Water with a low pH is corrosive;
that is, the acid reacts with metals to form salts, although not all
waters having the same pH are equally corrosive. Generally, waters
with pH values above 7 are not corrosive but react with metal to,
form encrustation and ‘“boiler scale,” the amount of encrustation
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depends on the hardness of the water. Ground water that is non-
corrosive and nonencrustating is slightly alkaline and has low
hardness. :

The analyses of ground-water samples from the Floridan aquifer,
given in tables 5 and 6, show the water to be alkaline with the pH
units ranging from 7.1 to 8.7. Water with pH value of 6.8 was
recorded in well 006-239-1 thereby indicating direct seepage of
acidic surface water to the artesian aquifer nearby.

HARDNESS

The hardness of water is commonly recognized by the increased
amount of soap needed to produce a lather and by the sticky,
insoluble precipitate that forms with soap. It is chiefly caused
by the presence of the alkaline earths, calcium and magnesium in
solution. These alkaline earths form encrustations, boiler scale,
and destroy the effectiveness of soap. The hardness of water is
usually expressed as total hardness but there are two types of
hardness: (1) temporary hardness and (2) permanent hardness.

Temporary or carbonate hardness is caused by carbonates and
bicarbonates of calcium and magnesium. It is easily removed by
softening processes such as: (1) heating, (2) soda-ash process,
(8) lime-soda process, and (4) the zeolite-ion-exchange.

Permanent or noncarbonate hardness is caused by sulfate,
chloride, and nitrate salts of calecium and magnesium. These salts
are not removed by most softening processes but can be removed
by an expensive zeolite-ion-exchange process. The ground waters
containing magnesium sulfate are usually not used because of the
laxative effect of the water. The recommended limit for sulfate
concentration by U.S. Public Health Service is 250 ppm. Analysis
of water from the Lake City Limestone shows that the sulfate
content is always greater than 250 ppm_ and that the concentra-
tion increases with depth. Two wells, 010-238-1 and 009-248-1,
developed in the Lake City Limestone have sulfate values which
greatly exceed 250 ppm (table 5). The sulfate probably originates
from anhydrite, gypsum and, perhaps epsonite within the Lake
City or Oldsmar Limestones. '

Hardness of ground water from the upper 200 feet of the
Floridan aquifer ranges from about 100 to 350 ppm as CaCOjs
and increases with depth in the aquifer. Figure 18 is a map of
Columbia County showing lines of equal total hardness in the
ground water of the upper part of the Floridan aquifer. Most of
the wells that were sampled had the casing seated in the top of the



TABLE 5, Chemical Analyses of Water from Wells in Columbia County and Vicinity
(Concentration of dissolved constituents, in parts per million)

Formatlon: L, Lake City Limestone; Oc, Ocala Group; Ol, Oldsmar Remarks: B, Black Laboratories, Inc.; F, Florida State Board of
Limestone; M, Miocene sandstone and limestone; Health; H.S, hydrogen sulfide gas; R, radio-chemical
S, Suwannee Limestone, data available; U, U.S. Geological Survey.
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TABLE 6,

Partial Chemical Analyses of Water from Wells in
Columbia and Adjacent Counties

(Analyses, in parts per million, by U.8, Geological Survey)
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018-233-1 8 887 212 1 190 70 380 8.7 c%r;xlﬁl:%e analysis in
019-237-1 3 657 200 8 114 || 337 6
018-239-1 3-26-5 232 b 184 72 368 4
016-240-1 - 65 158 4 133 75 267 X
06-241-1 o 45 180 156 m 302 .
5-238-1 -26-5 120 100 R 207 )
5-239-1 - B3 218 18 73 342 )
5-240- - BB 208 188 70 345 . Slight iron stain
F3i0 %0 | B b 7 $o4 :
3-23 165 158 48 eeemsemeroane 198 \ Slight iron stain
3-246-1 115 154 126 4 255 .
f-:'%aés-l »-13'-(‘5 igg §3§ 3 3422 . HiS
o B
1-239-2 -11-§ 208 174 252 . HoS
011-242-1~ .15-8 144 116 4 236 .
010-236-2 . 9.8 122 88 6 187 .
010-237-5 9175 208 188 2 368 .
010-239-3 -10-5 228 198 [eerceiins 390 .
010-240-4 .10-5 194 172 ] 341 . H:S
010-240-8 175 238 194 6 372 .
009-239-2 -23-5! 156 136 2 274 ,
009-239-3 -23-5 144 116 3 235 7.
009-241-2 -15-8 214 178 8 340 .
009-241-3 3.13-5 204 172 3 317 .
009-241-6 175 140 118 2 236 .
009-244-1 3-19-5 128 114 4 227 y
008-237-4 125 96 78 8 163 X
008-238-2 .30-5 196 0 164 0 315 .
008-239-1 -23-5 168 0 142 72 278 \
008-242-1 -15-5 128 0 ST S 214 8.

XFTAINS TVOIDOTOIY) VATd0TH



007-235- 3= 9-57 152 134 74 280 .
007-237-; 125" 178 150 SR, 282 X

7-237- 1 2-5" 93 9 JR—— 170 R
007-239-~ -24-51 132 108 PR 217 .
007-239- 24517 158 132 72 260 i
007. -25-5'7 156 132 [E— - 251 8.4
008-237-2 -1%7 %22 133 4 égg €
005-236- )-13-5 320 264 4 492 X
004-242~ 3-23-57 214 176 [R—— - 362 .
004-246-; 3=12-5 160 134 72 288 .
002-236+ 314+5 186 196 P 384 .
950-235-~ 3 75 186 148 72 289 3y

582 6-5 158 144 [— 265 . Slight HsS
958-238- 3~ 6-5' 124 150 [ 333 .
956-236- - 25 186 160 73 300 .
956-236-2 3 245 166 150 72 294 .
955-237-] 115" 62 48 2 108 '

54.235- - L5 72 146 5 302 .

54-242- - 1-5 66 166 | 308 X
053-236-; o 15 96 4 432 OSSR 812 4 .
951-236~ ~ 1.5 94 ! 168, e 317 2 Slight iron stain

. ] Alachua C'ountv
055-228- 557 40 0 124 2 252 .
51-236-2 8-27-81 24 0 128 2 226 .
950-236- 7-57 82 10 200 72 386 X
051-236~ et 40 0 174 72 3 § Flowing
(Spring)
Baker County . _
012-221-1 5-30-57 254 218 74 456 9 2S
011-226-2 9- 6-57 276 226 71 413 .0 Slight H2S; hole at 183 ft.
011-226-2 9« 6-57 268 0 71 406 9 Slight HsS; hole at 185 1t.
011-226-2 9- 6-57 260 210 Tl 392 0 Slight HqS‘ pum 1]‘)
. om. lete analysis
in-tabl
021-246-1 §- 8-57 178 314 4
019-244-1 7-30-67 196 327 0
019-246- | 184 364 3 Flowing
(White Springs)
Suwannee County

012-248-1 7-13-67 146 2 124 72 244 8.5 HaS
058246~ | 112 0 08 2 208 8.2 Flowing
(Itchatucknee

Spring)

Union County

958-233-1 8- 6-57 196 6 180 327 8.5
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uppermost limestone; therefore, the water samples were assumed
to be from near the top of the aquifer. The lines of equal total
harness generally correlate with the piezometric pressure in the
aquifer. The highest concentrations occur in the northern re-
charge areas and the lowest concentrations occur in the southern
recharge and discharge areas. Apparently, the hardness in the
southern area indicates: (1) a mixture of ground water and
surface water, and (2) the amounts and rate of solution are
decreasing in the discharge areas. The local high concentrations
in some recharge areas of southern Columbia County could in-
dicate infiltration of acid surface water into less dissolved portions
of the aquifer. The high concentrations, in the northern part of
the area covered by thick Miocene sediments, result either from the
leaching of calcareous materials in the Hawthorn Formation by
ground water percolating downward to the Floridan aquifer or °
by the influence of ground-water inflow from more distant
recharge areas in Georgia.

DISSOLVED SOLIDS

Dissolved solids reported in water are the residue left after
evaporation. In Columbia County dissolved solids rangeu up to
2,040 ppm in well 010-238-1 but generally averaged about 200
ppm (table 5). The dissolved solid content increases with depth
in both the Floridan and the secondary artesian aquifer. Water
with less than 500 ppm dissolved solids is generally acceptable for
domestic use and water with greater than 500 ppm dissolved
solids is objectionable (U. S. Public Health Service, 1946).

HYDROGEN SULFIDE (H.S)

Hydrogen sulfide gas imparts a pronounced taste and odor to
ground water causing it to be commonly referred to as “sulfur
water.” The chemical analyses in table 5 list those wells in which
hydrogen sulfide gas is most noticeable. Two possible sources of
this gas are: (1) the reduction of sulfates in the ground water to
metallic sulfides by anaerobic bacteria, and subsequent decomposi-
tion of the sulfides by free carbon dioxide in recharge water to
produce hydrogen sulfide gas; (2) -the anaerobic reduction and
decomposition of organic materials to form hydrogen sulfide gas,
as In swamp areas.

Probably both types of reactions contribute to the hydrogen
sulfide content of ground water in Columbia County. Hydrogen
sulfide is prevalent at depth where there is a thick overburden on



UNHTED STALER  DERFAKTMENT OF )it
GEOLOGICAL SUKRVEY

I EEFIOR

FUGRIDA GE Gl agle Al

LHRVE

O Verian, Dieeton

AL T O U0 i A N AR O o3 YOO PO A A U R A B A T T T
HevhO “20‘")' e ;UUCJ'[ \L&gﬁj ?ga 48’ 'C L'"NCH 82930 COUNTY . 82"25‘
— 30°36' & “OLUMR) 4 T Y e 1 e 30036
— @ I -
N
. G —_
|
- 30030 " 30°30
EXPLANATION
B . JENTON z |
Well 5 |
— 2 —
ol8 FARVIEW TN\ o
- Upper number Is well number, === Q —
upper letter S is spring, J %) |=
= Lower number Is fotal hardness 7 _
of water In parts per mililon, V4
- 30°25' I . 30°25—
— Line of equal total hordness (SN 7
of woter, in ports per A
million, ]
- Interval 100 -]
parts per million
- A m —
ITE
30°20' iy 30°20—]
-30°15' - 30°15'—
| - 250 -
2 CEA
B 5 @ e il ]
- o . -
i 55 OLUSTEE
L 3) . |
- 30°10' 30°10—
|
- | —
S
’— ——
L = —
]
= o —
|
- ]
1 -30°05' 30° 05—
w &34
- N I 7 -
A
[29]
= 2 ' s —
<!>
- . 3 ]
N o 30000
..... TRpTTT T s 0 —aym g e L " H ol
= b= _
(%)
}_ —
B zéz-«;rv\
—29°55" . * Senra
\
- G_)o(\
| | 2 3 4 5 Miles _
\
FZQQSOI 82°30 82°25' 29750
L1 [ N T A A A

Base compiled from maps of Chémical quality by F W. Meyer.

Florida State Road Department

Figure 18, Columbia County showing the total hardness of water from wells
that penetrate the upper part of the Floridan aquifer.

\



REPORT OF INVESTIGATION No. 80 51

the limestones. Usually it is absent in wells in the southern part
of the county except near swampy sinkholes.

Hydrogen sulfide can be removed from ground water by aeration.
HIGHLY MINERALIZED WATER

Electric log interpretations show highly mineralized water in
ten wells in Columbia County. This water first occurs in the
Cedar Keys Formation from 1,200 to 1,700 feet below msl and
it averages 1,470 feet below msl in the ten wells. No samples were
available for analysis.

In Nassau County, northeast of Columbia County, a sample of
the highly mineralized water was obtained from the Cedar Keys
Formation at a depth of 2,225 feet. The hardness of this water
was 9,660 ppm and it contained 3,910 ppm of sulfate, and 33,600
ppm of chloride. Water from the same well at 4,500 feet in the
Upper Cretaceous rocks contained 14,961 ppm hardness and 60,200
ppm chloride. At Cedar Keys in Levy County, south of Columbia
County, the hardness of water from the Lawson Limestone of Late
Cretaceous Age was 18,500 ppm and it contained 69,500 ppm of
chloride (Black, 1951, p. 18).

POLLUTION

The problem of pollution:-of ground water is of great importance
in Columbia County. The probability of pollution is greatest in
the sinkhole regions south of Lake City. The sinkholes facilitate
the direct flow of polluted surface water into the underlying
water-bearing formations.

An example of this type pollution occurred at Lake City. The
city well field was formerly located at the edge of a sinkhole lake
and the city sewer system emptied into a small creek that flowed
into the sinkhole lake. The polluted lake water drained through
open sinkholes in the lake bottom into the Floridan aquifer,
thereby, polluting the city well field. The city well field is now
located upgradient from the probable source of contamination and
a sewage-treatment plant has been built.

CLASSIFICATION OF IRRIGATION WATER

The use of ground water for irrigation is increasing in Columbia
County. The factors to be considered in the evaluation of irrigation
waters are the sodium-adsorption-rato (SAR) and the amount
of salts, or total dissolved solids, in the water. The sodium-
adsorption-ratio is the ratio of soluble sodium as compared with
concentrations of soluble calcium and magnesium. An excess of
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exchangeable sodium or dissolved salts will adversely effect the
“low tolerance” crops under certain conditions and concentrations.
The sodium-adsorption-ratios of four selected wells, 003-238-1,
019-233-1, 011-226-2, and 009-248-1, show that there is not an
excess of exchangeable-sodium-ion in the upper 1,000 feet of the
Floridan aquifer (fig 19; table 7). :

TABLE 7. Classification of Irrigation Waters
(Adapted from U.S. Salinity Laboratory Staff, 1954, p. 79-81)

Sodium Hazard
S1 — low sodium water — can be used on most crops except stone fruit trees
and avocados (sodium sensitive)

S2 — medium sodium water — not to be used on fine textured soils under low
leachlnf conditions unless gypsum is present in
the soi

S3 — high sodium water —_ ma& be harmful unless drainage is good, high leach-

g, and organic matter additions, or if soil
contains gypsum (CaSos)

S¢ — very high sodium water — is generally unsuitable except at low or medium
?am;g]y where calcium or gypsum make use
easible

Sanmty Hazara

C1 — low salinity water — car; be used for most crops with normal leach-
ng

C2 — medium salinity water — can be used if moderate amount of leaching occurs

C3 — high salinity water — cannot be used on soils with restricted drainage

C4 — very high salinity water — is not suitable but may be used under very special

conditions. Plants with high salt tolerance and
adequate drainage and salinity control used.

A moderate amount of salts in irrigation water may be tolerated
in humid areas because there is sufficient rainfall to leach out
accumulated salts in the soil zone. Normally rainfall in Columbia
County is ample to leach out the salt; however, there are periods,
as from 1955 to 1956, when rainfall is below normal and saliniza-
tion of the soil could result from normally good irrigation water
applied to poorly drained land. When salinization of the soil occurs
salt-sensitive plants burn and their growth is stunted.

Of the four wells studied for irrigation classification only one,
009-248-1 (996 feet deep), showed a salinity figure large enough
to restrict its use as an irrigation supply (fig. 19; table 7).

SUMMARY AND CONCLUSIONS

The northern two-thirds of Columbia County is a moderately
flat, poorly drained region that ranges in altitude from about 100
to 215 feet above msl. The southern one-third of the county is a
hilly, well-drained, sinkhole region that ranges in altitude from
about 25 to 200 feet above msl.
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About 2,800 to 3,460 feet of sediments ranging from early
Cretaceous to Recent in age overlie dense basal rocks of Paleozoic -
Age. The sediments overlying the Paleozoic rocks are thick in the
northern part of the county and thin over the crest of an anticlinal
high in the southern part of the county.

Permeable limestones, ranging from early Middle Eocene
through Early or Middle Miocene Age, form the Floridan aquifer.
Locally, however, the Floridan aquifer may include all the rocks of
Tertiary Age.

The oldest formation penetrated by a water well is the Oldsmar
Limestone of Early Eocene Age. The top of the formation, which
is generally the bottom of the Floridan aquifer, ranges from about
900 feet below msl in the southern part of the county to about
1,100 feet below msl in the northern part. Few water wells pene-
trate the Lake City Limestone and the Avon Park Limestone which
overlie the Oldsmar in ascending order. Most water wells penetfrate
the Ocala Group, of Late Eocene Age, which crops out in the
southern part of Columbia County. The top of the group, which
is an erosional surface, ranges from more than 80 feet above msl
in southern Columbia County to about 200 feet below msl in
northern Columbia County.

The limestones of the Eocene Series are overlain by a varying
thickness of the Suwannee Limestone of Oligocene Age. The
Suwannee Limestone is approximately 40 feet thick in the northern
part of the county and thickens to about 50 feet in the western part
of the county. The Suwannee Limestone is thin to absent in the
extreme southern and eastern parts of- Columbia County. It is
overlain or filled by a2 varying thickness of sandstone and limestone
of Miocene Age in the northern part of the county. The sandstone
and limestone unit is approximately 60 feet thick in the northern
part of the county and is undifferentiated from the Suwannee
Limestone in the southern part of the county. The sandstone and
limestone unit is considered to be the upper part of the Floridan
aquifer in Columbia County. The sandstone and limestone unit is
overlain either by clay of the marine Hawthorn Formation of
Miocene Age or sandy clay of the Alachua (?) Formation. The Haw-
thorn Formation is approximately 150 feet thick in the northern
part of the county and 100 feet thick in the eastern part of the
county. It serves as both a source of water for supply and forms a
semiconfining bed above the more permeable calcareous, marine
formations that comprise the Floridan aquifer. The Hawthorn
Formation appears to be equivelant to the terrestrial Alachua(?)
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Formation over the structurally high limestone area in the southern
part of the county. Pleistocene and Recent sand deposits cover the
older formations. The sand deposits are about 40 feet thick in the

northeastern part of Columbia County and thin to absent in the
southern part of Columbia County.

There are three sources of ground-water supply in the county:
(1) the nonartesian aquifer, (2) the secondary artesian aquifer,
and (3) the Floridan aquifer. The nonartesian aquifer, which is
composed of sand of Pleistocene to Recent Age, is utilized for
domestic water supply in the northern part of the county. In the
southern part of the county, the ground water in the nonartesian
aquifer is “perched.” Most of the “perched” ground water perco-
lates through the semiconfining beds of Hawthorn or Alachua(?)
Formations into the underlying Floridan aquifer.

The secondary artesian aquifer is composed of many small
water-bearing zones within the Hawthorn Formation. These zones
are principally limestone or sandstone beds interbedded with sand
and clay. Ground water within the water-bearing zones of the
Hawthorn is under low artesian pressure. Piezometric pressure in
the aquifer decreases with depth of penetration, probably indicating
downward percolation to the underlying Floridan aquifer. The
aquifer within the Hawthorn is about 100 feet thick and is an
important source of water supply in:- the northern and eastern
parts of Columbia County.

The Floridan aquifer, the principal source of ground water, is
composed of limestone and some sandstone of early Middle Eocene
through at least Early or Middle Miocene Age. The top of the
aquifer ranges from approximately 80 feet above msl in southern
Columbia County to.about 100 feet below msl in northern Columbia
County. The aquifer in northern Columbia County is overlain by a
semiconfining bed composed of interbedded.sand, clay, and lime-
stone of the Howthorn Formation of Middle Miocene Age. The top
of the Floridan aquifer occurs approximately 100 feet above msl
at Lake City. The aquifer is exposed at land surface in the
southern part of Columbia County and in the valley of the
Suwannee River downstream from White Springs, Hamilton
County.

Ground water in the Floridan aquifer in the northern part of
the county is under artesian pressure while that in the southern
part is under nonartesian (water-table) conditions. The aquifer
has a thickness of about 1,100 feet in the northern part of the
county and about 900 feet in the southern part. Most of the
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potable water is in the upper few hundred feet of the aquifer,
generally above the Lake City Limestone. The aquifer in northern
Columbia County is recharged by (1) local rainfall percolating
through the overlying semiconfining beds or through sinkholes that
penetrate the semiconfining beds, or (2) by ground-water inflow -
from areas of higher artesian head in southern Georgia. The
aquifer in southern Columbia County is recharged by local rainfall
entering sinkholes or limestone exposures and by ground-water
inflow from areas of higher artesian head in the northern part
of Columbia County. Ground water is discharged from the aquifer
by means of springs and seeps, underflow to areas of lower artesian
head, and draft by wells. Records of the fluctuations of the
piezometric surface in a well at Lake City indicate a range of
17.5 feet during the period 1948-57. The 9-year period of record
began with excessive annual rainfall and ended with deficient
annual rainfall.

The Floridan aquifer is capable of providing large quantities
of ground water for municipal, industrial, and agricultural use.
Also, natural ground-water discharge from the Floridan aquifer
maintains the perennial or base flows of the Santa Fe, Ichatucknee,
and Suwannee rivers. ’

The analysis of a pumping test at Lake City indicates that the
upper 200 feet of the Floridan aquifer in the northern part of the
county has a transmissibility coefficient of approximately 270,000
gpd per foot and a storage coefficient of about 0.0008. The
analysis of the specific capacities of selected wells probably
indicates that transmissibility values decrease with depth and
increase toward the discharge areas in the southern part of the
county.

The chemical analyses show that hardness and dissolved solids
are important characteristics of the ground water in the Floridan
aquifer. Hardness of ground water from the upper 200 feet of the
aquifer ranges from approximately 100 to 350 ppm as CaCO..
Analyses of the ground water from the Lake City Limestone show
that the sulfate content is greater than 250 ppm and that concen-
tration increases with depth. The amount of dissolved solids in the
ground water increase with depth in both the Floridan aquifer
and the low pressure artesian aquifer in the Hawthorn Formation.
An evaluation of irrigation water from wells penetrating the base
of the Floridan aquifer indicates that a salinity hazard exists
during droughts or when proper irrigation and leaching practices
are not observed. 2
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The interpretation of resist{vity curves of electric logs show
that highly mineralized water occurs in the Cedar Keys Formation
at an average depth of about 1,500 feet below msl.

Pollution of potable ground water by contaminated surface
. water is a potential problem in the sinkhole area which extends
from Lake City southward to the Santa Fe River. Open sinkholes
and sinkhole lakes facilitate the inflow of polluted surface waters
to the Floridan aquifer. Also, pollution may occur in the discharge
areas along the spring-fed rivers by the reverse flow of river
water when the piezometric surface of the aquifer is lower ‘han
the level of the river.
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TauLE B. Records of Wells in Columbia County and Vicinity

Well numiher: See text for explanation of well-numbering system. Use: D, domestic, In, industrial; Ir, irrigation; O, observation; OT
Bee figure 12, P o ol tonts B punlic supply s B, wtack; T, Teat; U, dhusec, P

Location: ‘Township-range system or Georgia Military Distrlct system, Remarks: We.—__, Florida aool?lcal Suryey ‘well number; CA-,
Drilling method: Dr, driven; Du, dug; R, rotary. ghemicul analyels In table 8 CA<, chemicdl analyals in table 6/
Aquifer: F, Floridan; H, secondary arteslan; N, nonartesian. 1 electrie log on flle at Flo eological Survey.
Pump type: C, centrifugal; J, jet; PIl, plston; Su, submersible; Tu,

turbine; Pit, pitcher.

Casing Water level Pump
j §
nmll:ler Location Owner Driller § % ? s g E 53 %‘ g
= & e | g H g
8 | < g g | 41 %8
L
1HEARLIEEE R T
# | 8 A |a ] il & 5|5 &
COLUMBIA COUNTY
035-240-3 | NWU4 sec. 573 R. Carter Witt Electric Co. 1954 | Dr 150 72 4 | H 2 15 w84 | Su |12 D |cas
034-234-1 %ecz &4‘: R — U.S. Corps of Engrs. | U.S, Corps, of Engrs. | 1034 | Dr - T [ (] H 1203 e RO [ PO I o W-1037
031-243:1 Tﬂv ﬁ._l;'a ,". l-ﬂe!g:.. 4, | E. Carter Rotary Tool Co. 1958 [ R 175. 6 ¥? 112 50.7| 5/28/57 | 8u |.ce.| D
028-238-1 | NWNW14 sec. 19'{ Rayonier Co, Kenneth Keen 1053 | Dr 105 4 H | 122 1Bl vem| T 1| D
0282301 :g:émv:wgé :n:ecz 22 J. P. Cone No, 1 Humble Oit Corp. 148 | R 4,285 9% | F 1288 ] oo PRV OT | W-1789,
027-231-1 SENN _w&'f sec. 1, Southern Resin Co. | Burnett Co. 1057 | R 105 2 | H 120 28 {4 |7 |ans ] or
023.237-1 NEURE, sec.'20 H. Gardiner Kenneth Keen 1055 | R 204 4 F no+ 55.6 | 6/28/57 | Su 1| or | cas
0222374 | NwW 4.5\!{!{2‘5,:1%.' 28, | D. Hull D, Hull ) 1957 | R 60 2 H | mts| 6 s/7wm| 7 |34 | or
021-228-1 '.l‘Nl!! 'm}r{%l a:%-. 1, | U.S. Corps. of Engrs. |' U.S, Corps, of Engrs.{ 1032 { R 165 8 F 134.8 65.5 10/28/32 | oo | e | T W-183
0212321 | “NEWLNEY, sec. 6, do. do. 1932 | R 100 8 H | 1217 | 13 [10/24/82 | )] T | Wer02
0202371 | T z‘é»ﬁia’%&i 4, do. do. 1932 | R 165 [ F | 1233 | 88 .|10/21/32 | e |mm| T | WALBL
019-233-1 g z'. !l:kg'.: %;c::m, U.S. Forest Service | Acme Drilling Co, 105 | Dr 178 4 | u3 8055/ 8/51 | T D | cAs:
018-237-1 %Ezvks?# ﬁ"."z.a’ R, Thomas Kenneth Keen 1951 | Dr 151 4 P 131 69.3 | 6/28/5% | Su D CA-6
019-241-1 EWJANWIL sec. 14 R. Christy c‘ﬁfﬂﬁ}zﬁ"&. 1955 | R 418 8 P | 12 549 (1/27/88 { Tu { 75 | Ir
os294 | NEY l.v'séalgeﬁ.' ‘24, | New Hope School wiit Electrie Co. 1955 | R 182 ] 4 F | 129 66| e/2687 [ su| 2| p |cas

og-240- | NEY N'Eﬁﬁ sec. 24, M. W. Sapp No. 1 Sun 011 Co. 148 | R | 3311 |1.344 "] F | 133 N or gqgaz,
017-242-1 | NwiSwli sec. 23, | R. Harl e | R 48 || 2 | F | 104 14.8 | 6/13/57 | ||, ©
: T.28, R. 16 E.

t-—
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TABLE 8. (Continued)

017-243-1 g.x-:zv swv. ;gcﬁ_zx. R.Bowles | e SO R I [T 2 ‘ m 13 239 { en13s7| P |12 | D

017-244-1 T2 gE}l{‘. igcﬁfw. Mr. Saunders Aeme Drilling Co. 1954 { R 230 63 8 F 94 32 ?/54| Tu | 20 |'Ir

016-231-1 %E;‘EW;' slesc'E. . | U.S. Forest Service Decg: Well Drilling 1842| R 234 171 (] F 152 815 |12/ /57 | coc| o] © W-702 . '
016-240-1 ¥E2V s_w s sec, 36, | Mr. Hurris Acme Drilling Co. 1956 | R 128 4 F 142 825 | 6/6/57| Su | 1/3 | D | CA6

ole-2402 | NE s"w& gec, 36 do. s st et | s R 10 !l N 142 21 | 6/6/57| Pit |eee| D !

016-241-1 NE) V‘s .é‘%\".l%e%_u L. Dicks Rotary Tool Co. 87| R 147 2 | 4 F 145 021 | 6/ 4/67} Su 1{Pp |CAB X
913-343-1 '¥Bz”‘s5, 1;'. sec. 21 | W. Youngs Witt Electric Co. 1057 | Dr 105 a0 4 F 140 74.8 B/13/27| Su 34 | D

01 ﬂ%l %Vl’a&g .Vgh ﬁet‘z _5' S. Register Kenneth Keen 1052 | Dr 138 || 4 F 147 873 6/26/57.| 3 |34 | p CA6 5

015-238-1 %\.szass' 1‘1". ’{%"ﬁf" 0. Holllday Acme Drilling Co. 1055 { Dr 130 femoen| 4 ‘F 132 78616/6/58) sull2]| p CA-8 S .
9{5-249-1 gzgagwlg. llgc .?8, R. Kelley Kenneth Keen 1083 | Dr 112 0 4 bl 127 78| 6/8/8T| I 11»n CA6 I ‘
015-2414 gs:glézv\gv Foc. 2| Balley's Truck S0 | s 1047 oo | 180 | 115 4 |.F 4 |8l e/s5T| T 1P H

013-242-1 gﬁag'ﬁg.&e. 83, | A.swaine Witt Electric Co. 1057 | Dr 90 4 | F | 100fs| sot) 8/20/87 |—e| ] D g

016-247-1 ) ;ﬁ?‘,’,‘{‘_ sec_2 E. Owens do. 1055 | Dr 161 4 P 113 13 | /48| J 18! p -

014-230-1 sk gﬁév i see. 15, | U.S. Forest Service | oo [conime| DF 17 17 1| N e | 40628587 Bit || o 4

, (‘114-;?88-1 %W ﬁsN'“g’. 1170%.8. M. Wheeler Rotary Tool Co. 1055 | R 185 104 4 F 142 82.8 | 6/28/57 | Su D CA-8 a )
914-:49-1 g‘a-&slw& gec. 12, | A.Dorsey e sttt | st DF | e [ | 4 F 131 746 ) 6/ 4/87 | T 1 | p | cas 4

0142441 %_v.g.wl!‘a_ §£0. 8. | A. Bowles Witt Electric Co. 1658 | Dr 225 | 181 4 F 164 10 | 4/8/88 | T 1ip a

o14261 | N 35' NERIQ Jec.12,| M. Russell Kenneth Keen 1056 | Dr 18 || 4 F 150 o4 | 8/ ?m6| T Ul p ?_5

013-238-1 ¥ 35'&\%&.’ ﬁe& 17,| S.Thomas do, 1852 1 Dr 165 108 4 P 160 95.7 | 6/26/87 | Su 1 |p s

013-238-2 5 :‘;’45‘,‘_}”,‘{‘_ §ec 17, | W.Green Rotary "Tool Co, 1957] R 184 | 100 4 F 160 935 {10/22/57 | Su |1/2 | D W-4522 -4

013-238-3 SELNWI sec, 17, | Mr. Freemian JOVSSSSUT SURON S—, 1 1 | N 160 1.0 | 6/26/57 | Pit |iwn| O =z

013-238-4 u’i"?’.‘"x‘f‘ﬁ%‘h?" S. Thomas Kenneth Keen 1085 | Dr 144 60 4 F 171 104 | 6/26/57 [ moemne| O o .
0132385 | NW 4 _\vax:‘ Jee 11, do. S. Thomas 1983 | Dr 0 40 2 H m 1 | 628577 j1/2 | D [ CAS °

013-246-1 Sivla N'Es. 59¢.13, | G. Richardson Kotary Tool Co, 1087 | R 225 135 4 F 133 8 | 2/ %67 Su | 1 | p | CA® %’ )

012-237-1 %E;’.g ;."4. aﬁci‘:‘zl. C. Wieselthaler Witt Electric Co. 1883 | Dr 145 78 4 F 178 110 6/ 4/53 t Tu 4 D

012-238-1 g\%;gstwku 1s1e%'20‘ A, Douglas Rowe Bros, 1947 | Dr 165 113 4 F 169 104 47| Tw | 2 | P

0122382 | SEJNWIL sec. 20, | A. Herd Rotary Tool Co. 1957 | R 160 |awnn| 4 F m 113 | 6/26/57 | Su | 1 | D ca-8

012-238-1 ¥EsaasN'E# 56c. 28, | P. Glebelg Witt Electric o, [womnns Dr 265 || 4 F 17 1081 [12/13/57 [ F 2 |p ’

0122404 ¥Esx ’f?&’_‘ sec. 26, | O. Ravndal do. 1985 | Dr 139 107 4 F 147 8 | 1/15/58 | T 1 |Dp

0112331 gwgasNE&a sec. 28, | U. S. Forest Sorvice do. 1957 | Dr 255 6 F 119 123 | 4/ /81| Tu [ 10 | Ir CA-6

011.2332 . %Yv::"‘s'?.wﬁ:‘ﬁ“zi.m‘ B. Hawkins Kenneth Keen 1885 | Dr 17 | 4 H 192 | 6 || T (172 | D

011-2838 | SWiANWa sec 1, - (RO Dr 15 | N[ 182 29| 77867 Pt [l O 33
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TaBLE 8. (Contipued)

Casing

Water lovel

Pump

j i
number Location Owner Driller ? = g Egg §
¥ X ; 1 E ,E E '
TIRARILARIE B BRE
= ] 5
011-234-1 %‘%l‘l l‘fl‘i"a lzlu%.”' Southern Wood Co. Rotary Tool Co. 1955 | R 265 110 4 ¥ 200 1351 7/55] Su 1 In
011-238-1 ’}l“.ES%S Ellé ‘l"ecé‘a-t. E. Coast LUMDBEE CO. | crcvemreressrssissessemrasisminios 1955 | Dr 07 4 H 200 80| T/23/57 ] ... ] O
ou-2sa | S :‘-,'rfwl{. Jec. '35, | H.Kager SO NV B o) 110 4 H 200 10 | w257 3 |112] D
011-236-1 g?};‘.s. }l". ﬁch-::l, Kayo Service Sta, Rotary Tool Co, 195 | R 208 4 F 198 133 110/12/5%6 | Bu 1 P
o122 | SWls r_«}va:. Jec, 34, | Florida Power and Rowe Bros. 1052 | Dr 308 4 F 197 |1319| 2357 Su| 2 | m
013-236-3 %vg,gz’-é ls_ycl'.:'s-a, Honfnnworm Pool Stevens Southern Co, | 1945 | Dr 350 4 F 14 [ erienee | Tu | 3 | P [CAS
011-236-4 -?-F’;'{‘ﬁ'_?;’{‘_ tec 33, | Steak House sesrmrsemsssmrenmnnne| 1048 | DF 180 4 F 193 ||| P11 ] 2 | P | AW
011-237-1 | Sis1uNW!4 mec. 33, | Lake City L y |- e DE 20 4 F 188 125 | )] O |oAs
011-238-1 givsy.sﬁw‘},’. eg.'20, do. Rotary Tool Co. 1955 | R 35 4 N 190 o] S PRSI S N
011.238:2 g?v:-.éfwg? :-;'eei E”' ' do, do. 1955 | R 255 4 F 190 120 [8/20/85) Tu| 3 | In
011-238-3' ¥asy.‘§tv# sec. 29, | Lake Clty W. R. McGrew Co, | 1927 | Dr 400 | 105 | 15 F 198 | 133.2|12/16/57 | Tu |40 | © .
_ou-mu NElSWil see. 9, | do. [NUEUUU— Y. 3 [— 420 | 3004-| 8 F 1075 | 1347 412734 | A |.._] O |CAS
011-238-5 g‘wav SW}{{. il; e .29, Coca Cola Co, M. Miller 143 | Dr 256 198 3 F 180 13715| 2/6/88 | e |ee| ©
911—239-1 ¥.W3V ﬁERI'. See, 31, [ Division Hospita) Rotary Tool Co. 1058 | R 225 | 110 4 F 185 123 | 6/10/56 | Su | & P | w4548
o2z | SWis SWIS sec. 51, | 7. Carter Witt Electric Co. 1085 | Dr 139 8 4 F 180 |1040( 1/20/85 | J 1l D |cae
0112393 | 8B 3'.§:.bg.' 8c. 3, | W. Hackney do. —| Dr 130 || 4 N IR S N I T B Y
- ool | S §"§_¢V.’f¢°'n I, 0. Ravndal witt Eleetric Co. 1085 [ Dr 902 (| 8 P |16 (5687 | il In
0112411 ﬁ@w& sec. 2, do. do. 1985 | Dr 80 |—] 6 r 100 463|6/6/87 .o || m
Ll gw& §oc; 34, | R. Justice Acme Drilling Co, 1955 | Dr 158 || 4 F 163 11209 7/18/87| su | 1 | D | cA®
o11.244-1 -ﬂ"'&‘:‘“ﬁ‘_"ﬁ'ﬁ: 22| c. Calkins Gaylord Co, 1955 | Dr 100 — 2 F 98 50 L D
‘01’1-‘2«-2 %Eg’.gﬁ'é" lsee% 2 H. McGuire Rotary Tool Co, 1957 | R 168 100: 4 F 112 685 1/28/88 | T 115 D | W-4549
. 0112451 g ;'.sﬁw&'. S m0, E. Jones Luke Lang 1958 | Dr 100 05| 2 F 102 o1 | /2588 | || D
o ouasz | NEY w!;é sec. 30, | J. Ferguson Kenneth Keen Dr 182 oo 2 } F | e oo 7 |2 | D
L1 011-246-1 % gﬁg?:g l‘%c .25. J. Bunter Gaylord Co, 1846 | Dr 20 920 2 F e | 45 /57| Bl || D
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. TABLE 8, (Continued)

010-234-1

010-234-2 '

010-235-1
010-235-2
010-235-3
010-235-4
010-235-5
010-236-1
010:236-2
010-237-1
010-237-2
010-237-8
0102374
010-2375
010-237-6
010-237-7
010-238-1

010-238-2
010-238-3

010-238-4
C+ 0102391

'010-239-2
'010-239-3
010-240-1
010-240-2
010-240-3
010-2404
010-240-5
010-240-6
010-241-1

gl-:}ﬁssw;{. zee 1,

" NESW1 sec. 1,

o o o B

NWUSEY sec, 34,
"&E!‘“"ig_“

ekl
Sales
ALY
LRI
=7
j=3-3<1-]
n
"

; Eﬁ:-ﬁ

A nn
il Sta
..]
LTS

22s3tn
PR
=

53
S
2

—
€3N
Y
[
S
R
=13 3
n
o
8

i
)
.
R
<]

553585
® 18 S S o g

r322e3
FwZe

oSl
2.2

e
2: 3
L
B

S

TG
L e
=g
i !q." [t
‘h &

)
3
C

21
=
2
L

S
[
=<1
<

e
¥
S’

.ﬁ.

<31
w®
@

.._
53
1
" o

-3t
.bf.ng
e

)
=

1)
=
Wy
o
s
o1t
=

TR
]
[

23

ec, 36,

{0
iz
% by
=

B
=,

2
H&
=
S
£33
Brr e
‘g?’u!"

[

p
nint
I
a
¢l
o
o

o
oo
AR
B T S
LSS
S
(-]

e Y

(I NN
;=50
1%

o
-]

&
2 1O 8

e
o

IS

e

F
Lod

Ule ket
.3
oy
25aZ
5535
He P

o e,

12 13t
“5.:- £
P m T,
>, —
Qo afa
we
L
w

U. S. Navy
do.
Fla. Forest Service
Columbia Machine Co.
T. Dantels
U. S, Navy
R. Bishop
Newton Corp.
L. Hill
Lake City
do.
do.
do,
J. Alderman
Country Club
do.
Lake City

do.

do,
O. Bradiey
W. Epperson
P. Sandlin
J. Stewart
Connetts Florist
C! York
C. Cornman
L, Davis
E. Hostord
W. Rimes
L. Turner

Gable-Rosa

Stevens Southern Co.

Kenneth Keen
Rotary Tool Co.

Rotary Tool Co.

Stevens Southern Co.

Rotary Taol Co,
Libby anc Freeman
do,
Merrell Gray
Kenneth Keen
Rotary Tool Co,
do.
Rowe Bros,
Layne-Atlantic Co.

Gray-Stevens
do.

Rotary Tool Co.

Wwitt Electric Co,

Witt Electric Co,
to,

Rotary Tool Co,

Witt Electric Co.

Rowe Bros.

Acme Drilling Co.

Luke Lang

1042 Dr
1043 | Dr
1045 | pe
. br
1056 | R
. Pr
1957 | R
1045 | Dr
1957 | R
151 | Dr
1951 | Dr
1957 | R
1950 | Dr
1957 | R
1953 { R
1947 [ Dr
1940 | R
1934 | Dr
1934 | Dr
1956 | R
1956 | Dr
........... Dr
1956 | Dr
1056 | Dr
1955 | R
1955 | Dr
1944 | Dr
Dr
Dr

372
365
400
115
225

19
228
as0
152
300
275
a0

345 |

175

162

104
110

I N A A I S Y R 'S

Mot o hy oy ong oy omp oo oo N mom

I L B I B R R

183
182
202

200
189

143.0

101.1
104.4
11045
176
m
174
167
165

161
150
156

150£5

1238 |12/18/57 | Tu | 40
123.8 |12/18/87 | Tu | 15
™ | 5
105 ( n24/51 ] ¥ 1
134 o6 | su [ 3
41| s 51| Bit ..
10 |yt 3 1
SO R I " T
1014 17957 | su |84
128 | 9/14/51] Tu | 40
125 {10/ 7/51) Tu | 40
124.7 (12720787 | Tu | 50 -
108 | o181 | 2 2
s0%| 83| su | 6
25 41 Su | 8
92.6 |11/ 1/57 | e
388111/ ¢ |2
a2z|/vml ¢ |2
50 [6n1/56| su| 2
125 6] ¥ | 1
.......... b
1206 | 11087 5 | 12
125 |07 | 5 | g
1244 | 71087 | Su | 1
120 Pszms| 7| aw
1206 | 171057 | su | 114
1193 | 81587 | su | 1
uss sty |1
WU RPN B ¥ 1| 100

05 Y nwwo

5y

WU 3Iwyy Yy

o %

SU0UYODUDUUULDUCGQ g

W-4520,
CA-5
7 e
CAS
W-4216,
Wazte,
it
We4527,
A8
CAS
cAS '

W-299
(Dlugged
a‘!, a:ﬁ' 1t)
W-268,
AD

C.
CA-5

CA-8

CA-8

08 'ON NOILVOILSTFANY J0 J.‘HO;I\’-.I}I

<9



TaBLE 8. (Continued)

Casing Water level Pump
L] -

BRI

HilE|} ALIEREIHE
0102412 |, 5-.'5"3."1%.‘:';"'3?" Keran's Witt Electric Co. 1588 | Dr w | 13 | s P | wr 80.0 38| su 1| P
010-242-1 s_t%agh s sec.33, | H.Van Andal Rotary Tool Co, 1997| R 200 | 110 | 5 Fl ez |1 |21 s 2| p
0102422 gnﬁswﬁ'. gee. M, | W, Morren —_— us 2 P | 18 |pry | 7781 |—]| ©
0102423 ,xrc?n'?b!’? sec. %, | 3. Putch Rowe Bros, 1947 | Dr 200 | 1% [ 4 F | 138 |1t 1741 | Pt 1] o
010-2424 g_zgss}v?.ﬁe.!?«. J. Meyers Luke Lang 1540 | Dr 188 2 F |l s | | P |aa]|D
010-U25 %F;‘gf’é_{fk?‘- W. Morrell Rotary Tool Co. 1957 [ R 16y | 12t |4 Pl w1 f1085]|11/ 557 su 1| D | was2
0102431 -’x-m:"k:: é Jec. 30, | R. Dunaway do. 1956 | R 185 | 145 | 4 T | 164 [124]| 171057 su {34 | D
o102632 | NEUSWL sec. s, do, do. 1985 | R 33 “ | 4 | o1ss |19 |emosssf. || __
0102471 '%zggw'f;;eﬁ_w. Mr, Bales Rellog Co. 1985 | Dr 8 | o5 ) 4 Fl g0 | |9/ws5|se 12| D
o7 | " BBl sec s, | W Hunter Rotary Tool Co. 1956 | R 268 6 | F| 14 fus |uosmsimu| a2l
010-2473 .ﬂ‘%‘?‘fé‘;ﬁ‘ﬁ: 2,.| P.Browning 1056 17 4 F | 155 |z 2/56 | su 1]lo
oo0-24-1 |" SEHSENS dec. 3, | Dubois PenceCo. | Rotary Tool Co. 1985 | R 25 4 | Fl 12 |mok| amsfsu| 1|m
000-235-1 mﬁgw 4 Sec. 11, | S, Williams 200 4 Pl s | Pi 1]lo
005-235-1 ,magx_imf. Jgec;10.| R.M.Bishop Rotary Tool Co. 1956 | R 205 8 | 4 F| 18 [} 7 Su 1]s
000-238-2 ﬂ;@ﬂm:. sec. 10, do. —_— 88 2 H | 167 o) 172857 ] .—..| O
o0o-zs3 | A ‘nglg"qll’ec..lo. do. Rotary Tool Co. 1956 | R 25 0 | 4 F| w7 |12 /56 | su 1|D
0002364 | SELNEL sec 0, | R.M.BishopNo.1 | SunOMl Co. 149 | R 2827 | 768 | 1% |—| 168 |11Z} 8z 0| ___|....] OT Fe1sm1,
009-237:1 gyv}%s_ﬁ:& sec 4, | L.mm do. 1857 | R 05 | 180 5 F | 109 B | B8 || ] Im | Weasao
0os-2273 | N ‘;'s.i:;{.. sec. 8. | 7 Fraser do. 186 | R 250 %6 | 8 P | 1s8ts] ss | 6n12/56 | Tu 6f1Ir
0002381 | K] ‘;gf'w;:.né_a. R, Catholic Church : 178 4 F zcs+ 1223 vzeme ). | .| D
005-232-2 .}‘F}g’f‘gﬁ,ﬁ_" G. Summeral Rotary Tool Co. 1956 | R a2 | 15 | 6 | F m;s 87 | 61156 | su 2|p
000-228.3 %Egs' !!!'4 ;_;eé_n. L, Shaw do. lss6 | R 145 4 F lao:s 85 | 6/20/56 | J 1] D
oooz4 | SELNWH sec.a, do, do. 1956 | B 160 3 | F uo:s & | oo |y 1o
mﬁu ,%Ez'.gwgé f?cﬁ.a' C. Bal 145 4 ‘P 13055 | 4 2 o

99.
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TABLE 8. (Continued)

s %‘fﬁ’f gec. 8 | L.Lew Witt Electrie Co. 1953 | Dr 125 6| 4 F | 120t | 86 |10/ 2/53) e frmmn P
%ﬂ:{% 1?%; "I, i Burnette Bota.ry Tool Co. 1955 |. R 203 88 4 b P 75.0 2% | Su 1 D

gnz;s % ﬁ’. ;ec ::, . Dicks Acm'e Drilling Co. 1956 | Dr 158 | | 4 F 167 1208| 9/23/57| Su |34 | D | cAs
M 4“5’%@‘. l"fc!’:?'. W. Miller ' Bradley ? | Dr 148 fe | 2 F | m ~rerne foemem| Pi | 1/2 | D | CAB
4 15 si:l;‘ s, 7. Bullard, Jr. Witt Electric Co. Dr 128 |— | 4 F | 119 055| a/vt/s6| I 1| b

!ﬁ’:ﬁ ;sze:ﬁ : .;. :::” - dc;w! 19% | Dr 114 2| 4 F | us 6.5 3| Pt las | D

o §4§§ ¥ Ez :. - mx-y Co. 157 | R 168 w8 | 4 F | 120 8 |11/151) su [3/4 | D | wasas
'ﬁ'z"; S, 71:;5 .1 ) M,, i Witt Electric Co. 1957 | Dr 150 84 4 F 126 88 | 6/20/57) Su b D | w4530
’&?'gi_v%’,..:s E.io , > o.mnd Dr ? ? 4 P | 167 1307 | 1557} T 11 D {cas
s n‘; ﬁu : .R . m::: Rotary Tool Co. 1957 | R s | u2 | 4 F | us 81,7) 8/13/57 | Su |3/4 | D | w4528,
£ ’.égg‘ésc%o , 1 S.Ro X n Rowe Bros. ? | or| 18 us | 4 F | 120 {aromr| m |as | o | €A%
%Vé;’sé'wl"!lee;nl; I — Dr ? ? 4 F 94 s10) 81557 3 1D
&fasﬁ’j‘é‘ci' , ?. s . B. Clark Dr 108 j——| 4 F | 104 25|/} Su | 11 D |cas
§EISEY sec §, 2 Acme Drilling Co. Dr 4 F | us 804|895 su| 1| s |cas
g__ z’.gw% sec, z Kie Vining No. 1 Gulf Off Corp. 1850 | R 3470 | 1.487 T || 1207 U PU— el e | o] OT | Wez164,
sl sﬁg‘ sec. i, M. Rock Rotary Tool Co. 195 | R 185 o | 4 F | us 121] 25m| su |z | D | E '
) é'gﬁge ,’E’:% 814. : :: Luke Lang 1% | Dr | 10 [} 4 | F |14 1066 | /2851 | su |a;a | D

SEjigEY seo 6, s Dr 75 75 2 r 107 4] 72/57T | o] O

NWUSEX: cec 16, do. Witt Electric Co. 1083 | Dr 100 13| 4 F | 105 675 | 20/t ) I 18] s

s?v;ass'i:g‘_ sec_ i, K. Tyre do. 195 | Dr 188 4 F 14 §5.7 | 1/28/58 In

gyézss_i:g.. sec. is, do. Rotary Tool Co. 195 | R 175 4 F | fo3 67.0 | 7/28/857 D
,%z ’.gf;}'i_lle"ebl"l. W. Wager Henderson 1954 | R 138 4 F | 103 65 |1/ /54 P | cas
%F;’.Ns:v;é sec. 17, W. Douberly Rotary Toal Co. 1957 | R 137 4 F | 108 67.6 [12/18/57 D | wass
%ﬂ‘i{.'ﬁ?’ﬁ"ﬁ. Sundial Motel Acme Drilling Co. 1953 | Dr 1.~ P— 4 F 89 64.3 | 7/30/57 P | cas
%W",’.sﬂ:;. slevcig’r, Howard Johnson Rotary Tool Co. 1057 | R 225 98 6 F 10 €8.8 | 6/13/57 P

ﬁiasu‘mv‘gf. JSec18. | A. Pemner Warren 198 | Dr | 125 oo - F |3 814 | 9/23/57 D | cas
eI s sec. 18, J. Bullard Kellog 1850 | Dr FTT N B— 4 F | 130 100t /50 D

SWIANWIL sec. 15, L. Owens Rotary Taol Co. 6 | R | 24 8 4 F | 1 €6.5 | 8/15/57 D | CAB
§E 3«@&@_3«.!: 15, | A Baugh Witt Electric Co. 195 | Dr | 155 4 F |- ' 2/56 D
%ﬁ;mjﬁé z;; ;Ev :!lc::b Rotary Tool Co. 1856 | R 168 4 F 151 108.2 | 7/29/81 D

gn‘{,’%‘g 5 5es B . Ho n Acme Drilling Co. 1054 Dr b 1 T I—— 4 F 150 107.7 | 1/25/51 D

SEYNEL sec 2, W. Crews Rotary Tool Co. 1957 | R 167 102 4 r |1 59 | e/ 9/51 s | Wasas,
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TaLe 8. (Continued)

Casing Waterlovel | Pump
i ]
Wil < HAEHE 1
HIEAE R LR
i i 1 EREHE
SWINEL sec. 23, | H. Peacock do. 1w6{ R w [l 14 | 1108| 7/29/1| Su | 3/4| D
swwh '.' gec 23, | L.Coleman Witt Electric Co. ws| or| 2 4 ¥ 134 A FUYRY-TY I 1]l b
‘lkﬁma .20, | A. Cargola Rotary Tool Co. %1 R 162 7 4 r 104 n: n/ent| su| 34| D
'r !g .zl. Buckeye Motel ] e 8 | ..] 4 ) 100 [ - = /51§ 3 1|l P
. !.kriw-a Yec'21, | 3. Johnson —] 8 || 4 r ] 6 [u/ws| T 1| D | cas
% lucz ‘a1, | S. Kuschill Rotary Tool Co. 1957 R 185 105 4 4 81 58111/ 71/57| Su 11 P | Wuss
sm.ssWn sec. 21, | C.HI Acme DrillingCo. | 1985| Dr | 106 4 ¥ 98 | 50.7|1/4/51] Su 1{ D
sw"sz;; 'lg’cszl Holiday Motel Rowe Bros. Dr| 150 4 b 4 105 | 67 msmlm| s| P cas
%ziag.w,;‘. gec. 19, | M. Akins Rotary ‘ool Co. 1956| R 165 80 4 r 8t | 25| 9/24/51| 5u | 4| D | CAe
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