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CONVERSION FACTORS

For use of those readers who may prefer to use metric units rather
than U.S. customary units, the conversion factors for the terms used in

this report are listed below:

Multiply By To obtain
Length
inch (in.) 25.40 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 0.4047 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Volume
cubic foot (ft3) 0.02832 cubic meter (m3)
cubic yard (yd3) 0.7636 cubic meter (m3)
million gallons (Mgal) 3,785 cubic meter (m3)
Flow
gallon per minute 0.003785 cubic meter per minute
(gal/min) (m3/min)
million gallons per day 0.0438 cubic meter per second
(Mgal/d) (m3/s)
inch per year (in/yr) 25.40 millimeter per year (mm/yr)
cubic foot per second 0.02832 cubic meter per second
(£t3/s) (m3/s)
Transmissivity
foot squared per day 0.0929 meter squared per day

(£t2/4d) (m2/4d)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic
datum derived from a general adjustment of the first-order level nets
of both the United States and Canada, formerly called "mean sea level."
NGVD of 1929 is referred to as sea level in this report.
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HYDROLOGY OF THE FLORIDAN AQUIFER
IN NORTHWEST VOLUSIA COUNTY, FLORIDA

By A. T. Rutledge

ABSTRACT

Northwest Volusia County, in east-central Florida, is a 262-square-
mile area including the southern part of the Crescent City Ridge and the
northern tip of the Deland Ridge. The hydrogeologic units in the area
include the Floridan aquifer, which is made up of parts of the Lake City
Limestone, the Avon Park Limestone, and the Ocala Limestone, all of
Eocene age; the confining bed, which is composed of clays of Miocene or
Pliocene age; and the surficial aquifer, which is made up of Pleistocene
and Holocene sands.

Ornamental fern growing is a $12 million per year industry in
northwest Volusia County. Fern culture requires a large amount of good-
quality water for irrigation, and more significantly, a large water
withdrawal rate for freeze protection during winter months. The source
of most water used is the Floridan aquifer. The large irrigation
withdrawals, especially in winter months when spray irrigation is used
for freeze protection of ferns, introduce problems such as the potential
for saltwater intrusion, the temporary loss of water in domestic wells
caused by large potentiometric drawdown, and increased sinkhole activity.

The water budget of the surficial layer consists of 55 inches per
year rainfall, 39 inches per year evapotranspiration, 13 inches per year
runoff, and a net downward leakage of 3 inches per year.

Average ground-water irrigational withdrawal is 8.1 million gallons
per day, while the peak withdrawal rate is 300 million gallons per day
during freeze-protection pumpage. The average irrigation well depth
exceeds 300 feet.

Transmissivities of the Floridan aquifer range from 4,500 to
160,000 feet squared per day. Highest transmissivities are in the
DeLeon Springs area and the lowest are in the east Pierson area.
Storage coefficients range from 0.0003 to 0.0013.



The water budget of the Floridan aquifer under present conditions
of withdrawal consists of 108 cubic feet per second recharge, 2 cubic
feet per second horizontal ground-water inflow, 34 cubic feet per second
direct discharge, 40 cubic feet per second upward leakage, 22 cubic feet
per second horizontal outflow, and 14 cubic feet per second pumpage.

The Floridan aquifer contains good-quality water in most of the
study area, but also contains brackish water underneath the stressed
zones and in the upper zones along the western and southern limits of
the area. The altitude of the fresh- saltwater interface varies in the
area from 1,500 to 300 feet below sea level.

Areal drawdowns in the fern-growing areas of Pierson are 5 feet
during growth irrigation periods and 20 to 30 feet during freeze-
protection withdrawals. The drawdown in the Pierson area at the end of
one intense period of pumpage exceeded 30 feet over a 4.4-square-mile
area. A significant amount of the withdrawn water was replaced by
leakage during the pumping period. Drawdowns in some pumping wells in
northeast Pierson exceed 90 feet during freeze-protection withdrawals.

No long-term residual drawdown has occurred. The predominant effect
of pumpage on the water budget of the Floridan aquifer has been an
increase in recharge. Sinkhole activity has been increased by the
temporary increase in load on the aquifer's skeletal structure during
intense lowering of the potentiometric surface. There is no evidence of
saltwater intrusion, but a monitoring network for future early detection
is suggested.

INTRODUCTION

Description of Area and Problems

Northwest Volusia County in east-central Florida is a 262-square-
mile area which is 10 miles west of Daytona Beach and 30 miles north of
Orlando. The area is the northwestern fifth of Volusia County and
includes the towns of Seville, Pierson, Emporia, Barberville, and DeLeon
Springs (fig. 1). The area consists of approximately 35 percent flat to
undulating upland terraces, 40 percent flatwoods, and 25 percent swamps.
Numerous lakes are located throughout the area. The climate is sub-
tropical, with an average temperature of 71°F and an average rainfall of
55 inches per year.

Ornamental fern growing is a $12 million per year industry in
northwest Volusia County. Fern culture requires a large amount of good-
quality water for irrigation, and more significantly, a large water
withdrawal rate for freeze protection during winter months. The source
of most water used is the Floridan aquifer.









boundary is the eastern shore of Lake George. The study encompasses a
262~-square-mile area, but most data were collected in the well-drained
upland terraces where ferns are grown. Special emphasis is given to the
Pierson area because of its large concentration of irrigation wells and
the corresponding large magnitude of drawdown that occurs in that area.
This investigation was performed during the 3-year period of 1978-80.

Some of the methods of analysis used in this investigation may be
transferable to many areas where the effects of scattered pumping centers
are being studied. Findings may be transferable to other areas where
heavy transient withdrawal stresses are imposed on the Floridan aquifer.

It is not the purpose of this study to quantitatively predict salt-
water intrusion. Such prediction would require data from a more
extensive drilling, logging, and water-level observation effort sup-
plemented by digital computer modeling of solute transport.

Previous Studies

The general ground-water hydrology of the study area was investi-
gated and described by Wyrick (1960, 1961). His investigation was the
first to describe the physical characteristics of the Floridan aquifer
throughout Volusia County, and it, in effect, commenced accumulation of
the historical water-level and water-quality data base which is needed
to investigate the long-term effects of fernery irrigation. Knochenmus
and Beard (1971) assessed the quality and quantity of both the surface-
and ground-water resources of Volusia County; the ground-water assessment
part resulted in the accumulation of new water-—quality data for a number
of wells that had been previously sampled by Wyrick. A map report by
Knochenmus (1968) discussed drainage feasibility throughout the county.
Bush (1978) presented a ground-water flow model of Volusia County.

Some water—-quality data from 1950 to 1970 are available, including
major-ion analyses of water from irrigation wells. Water levels have
been measured periodically since the early 1950's in two wells in the
flatwoods outlying the fern-growing areas.

Data Collection

Data collection included water-level measurements in wells, water--
quality sampling from wells, and operation of water-level recorders to
monitor variation of water level with time. The altitude of the measur-
ing points of observation wells were determined so that accurate potentio-
metric maps and hydrographs could be constructed.

A considerable amount of information came from the inventory of
irrigation wells. This detailed data-collection effort contributed to
estimates of water use and to estimates of the spacial and temporal
distribution of water use.



Geophysical logging, measurements of specific capacity of wells,
and simple aquifer tests were used to give a better understanding of the
physical properties of the aquifer system.

The great part of the water-level and water-quality data were
collected just before, during, and immediately after freeze-protection
periods. These types of data were also collected during high-water
(September) and natural low-water (May) periods. Most water-level data
were collected from wells that are not used for irrigation, whereas water-
quality data were collected from irrigation wells. Geophysical logging,
measurements of specific capacity, and aquifer tests were performed
primarily at irrigation wells.

Base water—-quality data from 1950 to 1970 were used to compare with
present water-quality data to determine if chloride concentration has
increased due to fernmery irrigation. Historical water levels from a few
observation wells were used to determine the historical change in water
level and to determine if water levels have declined because of fernery
irrigation.
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ENVIRONMENTAL SETTING

Geographic Setting

Land surface altitude varies from 3 to 115 feet in northwest Volusia
County. The Seville area, the Pierson area, and the DeLeon Springs area
are three topographic highs (fig. 2). From a broader perspective, the
Seville high and the Pierson high together make up the southern end of
the Crescent City Ridge, while the DelLeon Springs high is the northern
segment of the DeLand Ridge. The topographic highs in northwest Volusia
are surrounded by the lowlands around Lake George to the west, around
Lake Woodruff to the south, in Flagler County to the northeast, and in
the central Volusia flatwoods area to the east.
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formation is highest near Lake George, where its altitude is 280 feet
below sea level. It has an eastward dip of approximately 8 feet per
mile. The Lake City Limestone is tapped by at least 150 irrigation
wells in northwest Volusia County.

The Avon Park Limestone, of late middle Eocene age, varies in color
from chalky white to light brown or ashen gray, but most of it is tan.
The limestone is extensively dolomitized. The formation is generally
180 to 250 feet thick in northwest Volusia. Some of the Avon Park
Limestone was removed by erosion before the overlying Ocala Limestone
was deposited. The Avon Park Limestone is thinnest in the extreme
southern part of the study area, where the Ocala Limestone is absent.
The highest altitude of the top of the Avon Park Limestone is approxi-
mately 10 feet near Deleon Springs and the lowest altitude is approxi-
mately -150 feet near Seville. The formation, which has a slight eastward
dip, is the principal source of water for irrigation in northwest Volusia.
At least 400 irrigation wells tap it.

The Ocala Limestone, of late Eocene age, is composed of cream to
white limestone mottled with gray zones. The Ocala Limestone is gener-
ally only slightly dolomitized in northwest Volusia County. Because of
extensive erosion after deposition, the formation is very thin in most
of northwest Volusia and absent at the southern limit of the study area.
The formation is the main source of water for domestic use, but its
importance for irrigation is secondary to the Avon Park Limestone
because of its limited thickness.

The Miocene or Pliocene deposits which overlie the Ocala Limestone
are made up of unconsolidated beds of fine sand, shells, and calcareous
silty clays. Because the permeability of the clay beds in these depos-
its is low, they serve to confine water under pressure in the limestone
formations below. The shell beds in these deposits supply small amounts
of water to some domestic wells. The overall thickness of the Miocene
or Pliocene deposits in northwest Volusia County is generally 20 to 70
feet.

The sediments of Pleistocene and Holocene age consist of fine-
to medium-grained quartz sand, sandy clays, and locally, small amounts
of shell. 1In some areas, the sand has been cemented into "hardpan' by
deposition of iron oxide at the water table. The general thickness of
the Pleistocene and Holocene deposits is 20 to 50 feet, but locally they
can be as much as 100 feet thick. There is an abundance of small
capacity irrigation wells producing water from these sediments in north-
west Volusia, but the total withdrawal capacity is small in relation to
that of the wells tapping the limestone formations.

11



Hydrologic Setting

Geohydrologic Units

The three geohydrologic units considered are the surficial aquifer,
the confining bed, and the Floridan aquifer. The surficial aquifer is
comprised of the sands of the Pleistocene and Holocene deposits; the
confining bed generally consists of the clays of Miocene or Pliocene
deposits; and the Floridan aquifer is made up of the Ocala, Avon Park, and
Lake City Limestones of Eocene age.

The surficial aquifer is the layer of sand from land surface down to
the first areally consistent and relatively impermeable layer of clay. If
no clay is present it may be defined as the entire thickness of sand down
to the Floridan aquifer. The surficial aquifer may contain zones of clay
and hardpan. However, the clay zones are inconsistent enough and the
hardpan is permeable enough that these do not significantly retard the flow
of water in the aquifer. The surficial aquifer is generally 10 to 50 feet
thick. Its thickness is greatest in the Deleon Springs area, where it
reaches 100 feet in a few places. The surficial aquifer is referred to
as unconfined because its ground-water surface (water table) is the top
of the zone of saturation and is free to rise and fall in the aquifer.
Figure 5 shows fluctuations in the water table in eight shallow wells
in the Crescent City Ridge part of the study area. In the Crescent City
Ridge area the depth to water table averages 5 feet and exceeds 12 feet
in very few places. In the DeLand Ridge the depth to the water table
may average more than 20 feet. In swamps, the water table is close to
land surface at all times.

Water enters the surficial aquifer by direct infiltration of
rainfall and by upward leakage from the Floridan aquifer in areas of
discharge from the Floridan aquifer. It leaves as evapotranspiration,
runoff, and downward leakage in areas of recharge to the! Floridan aquifer.
Lateral movement into or out of the study area in the surficial aquifer
is negligible because water-table gradients are small.

The importance of the surficial aquifer from a water-use standpoint
is not so much its direct use for water supply but its function as a
reservoir for recharge to the Floridan aquifer. Some recharge occurs to
the Floridan aquifer in any area where the water table in the surficial
aquifer is higher than the potentiometric surface in the Floridan. The
surficial aquifer is most suitable as a source of recharge if (1) the
depth to the water table is great, (2) the aquifer has a high specific
yield, and (3) the thickness of the aquifer is great. The depth to the
water table is important because a greater depth will reduce the loss of
surficial aquifer water to evapotranspiration. A bhigh specific yield
will mean a greater storage of water for recharge and less loss of
infiltrating water to unsaturated retention. A surficial aquifer with
great thickness will provide a more consistent source of recharge during

12
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periods of drought. Because of the above-mentioned factors the
deposits of the Deland Ridge provide the best areas of recharge to the
Floridan aquifer. The recharge rates vary in a descending order from
ridges to flatwoods to swamps.

The confining bed is the composite of the clay layers that retard the
flow of water between the surficial aquifer and the Floridan aquifer. The
generalized thickness of clay map shown in figure 6 was compiled from
drillers' logs, geologic logs, and geophysical logs. Areas of minimal clay
thickness tend to be well suited to the vertical flow of water between the
aquifers. Most of the Deleon Springs area has very good recharge to the
Floridan aquifer. The clay is also thin in the southern part of the
Seville area and along the southeastern boundary of Lake George. Although
the confining bed appears to be approximately 20 feet thick in the Pierson
area, it may be extensively breached by sinkholes.

Figure 6 also shows the difference in hydraulic head between the
surficial aquifer and the Floridan aquifer at several locations. This head
difference is the driving force behind leakage and determines whether the
leakage will be downward or upward. A positive head difference produces
downward leakage, or Floridan aquifer recharge, while a negative head
difference produces upward leakage, or Floridan aquifer discharge.

The rate of leakage at a given location is determined by the clay
thickness, the head difference, and the hydraulic conductivity of the clay
layer. The rate increases if the head difference or the hydraulic
conductivity increases, while it decreases as the clay thickness is
increased. It is relatively large in the DeLeon Springs area because the
clay layer is thin. Leakage rates are low in the area between the Crescent
City Ridge and the DelLand Ridge because the clay layer is thick and the
head difference is relatively small.

The Floridan aquifer consists mainly of limestone of Eocene age.
Its water-bearing capacity is derived from fissures and cavities within
the limestone, and is constantly increased by the dissolution of the
rock by slightly acidic rainwater recharging the aquifer. The top of the
Floridan aquifer ranges between 30 and 150 feet below sea level (NGVD of
1929) in the study area but generally is 40 feet below sea level in the
ridge areas (fig. 7). The depth to the Floridan at any point in the
study area may be estimated by subtracting the altitude of the top of
the Floridan aquifer (fig. 7) from land surface altitude. Because the
head in the Floridan is higher than the top of the aquifer, and the
aquifer is overlain by a confining bed, the aquifer is referred to as
an artesian aquifer in northwest Volusia County. The bottom of the
freshwater-containing zone in the Floridan may be as much as 1,400 feet
below sea level in northwest Volusia County. Below this altitude are
limestone and dolomite formations that are saturated with saltwater.
The altitude of the top of this saltwater zone, which is the bottom of
the freshwater zone, locally becomes higher than -300 feet along Lake
George and near Deleon Springs. The Floridan aquifer is' discussed in
greater detail in the later sections.

14





















Drainage area Average streamflow

(mi?) (f£3/s)  (Mgal/d)  (in/yr)

Little Haw Creek

near Seville 93.0 88 57 12.8
Middle Haw Creek

near Korona 78.3 107 69 18.4
Price Creek

near Pierson 6 5 3 10
Deep Creek

near Barberville 35.4 36 23 13.8

The last column represents the average runoff rate for the various
basins in inches per year. A basin which includes more swamps than sand
ridges will exhibit more average areal runoff than a basin that includes
more ridges than swamps. For the purpose of estimating the runoff rates
for the entire study area, assume that any part of northwest Volusia
County can be placed into one of the following soil-hydrology types and
that the characteristic runoff for that soil-hydrology type is as follows:

Soil-hydrology Runoff rate Percentage of Percentage of
type (in/yr) Price Creek basin Deep Creek basin

Swamp or flatwood soils
in discharge areas 20 5 44

Swamp or flatwood soils
in areas of no recharge
or discharge 16 35 9

Flatwood soil in areas
of recharge 12 18 5

Ridge soils in areas
of surface drainage 6 30 39

Ridge soils in closed
basins 0 12 3

An estimate of runoff for the Price Creek basin and the Deep Creek
basin can be calculated as the weighted average of the runoff rates
taking into consideration the percentages of each basin that is occupied
by each of the soil-hydrology types. The runoff rate estimates are 11
inches per year for Price Creek near Pierson and 13 inches per year
for Deep Creek near Barberville. Although estimates such as these are
subject to considerable error, they may be useful in evaluating the
water budget of the surficial layer over large areas. An understanding
of the water budget of the surficial layer is a prerequisite to an
understanding of the water budget of the Floridan aquifer.
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Water Budget of the Surficial Layer

The surficial layer consists of the land surface, the lakes,
streams, ditches, the surficial aquifer, and the vegetation. A water
budget is the accounting of inflow and outflow. Because the long-term
water budget is being considered here, changes in storage are considered
negligible. Water enters the northwest Volusia surficiaﬂ layer in the
form of rainfall, stream inflow, and upward leakage from the Floridan
aquifer. It leaves the system by evapotranspiration, stream outflow,
and downward leakage to the Floridan aquifer. For the purpose of this
analysis, it may be assumed that stream inflow can be ignored. This
assumption is made because it is believed that the St. Johns River and
Little Haw Creek, which are both areas of discharge from the surficial
and the Floridan aquifers within the study area, probably exit the
northern boundaries with the same amount of water they had when they
entered the study area in addition to the amount each gains from runoff
and ground-water discharge within the study area. Therefore stream
inflow and stream outflow are not calculated. Instead, local runoff is
calculated and used as part of the budget.

Table 1 gives estimates of the water budget of the surficial layer
for the five different combinations of soil type and hydrology previously
discussed. Rainfall is assumed to be uniform throughout the study area.
Upward leakage from the Floridan aquifer into the surficial layer is
zero with the exception of one soil-hydrology type. Evapotranspiration
is assumed to be 39 inches per year for all but one soil-hydrology type.
Ridge soils in closed basins exhibit lower evapotranspiration because
the depth to the water table in these areas may reach 50 feet. Rumnoff
rates vary from one soil-hydrology type to another as estimated previ-
ously. Runoff and downward leakage supplement each other in such a way
that an area of high runoff will have low downward leakage and an area
of low runoff will exhibit high downward leakage. The estimates of
recharge used by Bush (1978, p. 26) agree with the downward leakage
estimates of table 1. The average upward leakage for all areas of
upward leakage in northwest Volusia County simulated in the Bush
model is 4 to 5 inches per year. This compares well with the average
upward leakage rate of 4 inches per year in discharge areas as shown on
table 1. Downward leakage rates in the Bush model for the DelLand Ridge
area reach 20 inches per year while those of the Crescent| City Ridge
reach 12 inches per year. These figures are in reasonablk agreement
with the downward leakage estimates for ridge soils on table 1.

A water budget of the surficial layer for the entire northwest
Volusia area may be calculated using the percentage of study area
occupied by the five different soil-hydrology types (table 1). The
values given in the last row of table 1 are the weighted-average com-—
ponents of inflow and outflow for the study area. These represent the
values of rainfall, upward leakage, evapotranspiration, runoff, and
downward leakage averaged for the 262-square-mile study area. The
downward leakage of 5 inches per year minus the upward leakage of 2
inches per year is equal to the net leakage, or recharge, to the Floridan
aquifer: 3 inches per year, or approximately 60 ft3/s.
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GROUND-WATER USE

Because irrigation water use makes up more than 90 percent of the
total ground-water use in northwest Volusia County, it is the primary
subject of this section. The total withdrawal rate for purposes other
than irrigation is estimated from water-use data of the U.S. Geological
Survey as 1 Mgal/d. Approximately 70 percent of this is domestic water
use, with livestock, public, and industrial uses making up the remain-
der. The following discussion of irrigation water use in northwest
Volusia is divided into (1) an irrigation well inventory, showing
locations, construction details, and other data abecut wells, and (2) a
section describing the distribution of irrigation well pumpage.

Irrigation Well Inventory

Irrigation wells were inventoried as part of this study so that
locations, depths, and durations of pumping stress could be defined.
Plate 1 (pocket) shows all irrigation wells inventoried for this study.
Most irrigation wells are located on the well-drained soils of the sand
ridges (fig. 8). The density of wells is greater in the Pierson area
than it is in the Seville or DelLeon Springs areas. The greatest con-
centration of irrigation wells is in the northeast Pierson area. For
the purpose of this report, the Pierson area may be defined as the town
of Pierson and the areas within 2 miles of the town limits, in addition
to the towns of Emporia and Barberville.

The irrigation well inventory was accomplished by visiting wells,
identifying locations on maps with latitude-longitude coordinates, and
interviewing owners about well construction and pumpage. The objective
was to inventory all Floridan aquifer irrigation wells in use as of
January 1980. Because the Floridan aquifer is by far the major source
of ground-water use, irrigation wells open only to the surficial aquifer
were not inventoried to any great extent. Included in plate 1 are new
irrigation wells which had been drilled as of January 1980, but which
were not yet in use. Abandoned irrigation wells were not included. Of
the total wells for which this inventory was intended, the author
believes that records were obtained for approximately 90 percent.

The supplementary data table at the end of this report gives
information on all wells in northwest Volusia County for which data had
been collected and stored in the computer files of the U.S. Geological
Survey as of January 1980. Included are irrigation wells from plate 1.

Local well numbers are used to cross-reference between plate 1 and
the data table (see plate 1, explanation). Local well numbers are based
on latitude and longitude coordinates derived from a grid of l-minute
parallels of latitude and longitude. Wells within these quadrangles are
assigned numbers that consist of the last digit of the degree and the two
digits of the minute of the line of latitude on the south side of the
quadrangle, the last digit of the degree and the two digits of the minute
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of the line of longitude on the east side of the quadrangle, and the two-
digit sequence number assigned in the order in which the well within the
quadrangle was inventoried. For example, well 905-116-02 was the second
well inventoried in the l-minute quadrangle north of lat 29°05' and west
of long 81°16'. Local well numbers are shown unhyphenated on the well
inventory table.

The well inventory (supplementary data) shows type of water use, and
for irrigation wells, notes whether or not the well is used for freeze
protection. The altitude of land surface at the well and the depth to
water level in the well are also given. The last chloride concentration
analysis, for each well having that data, is shown along with the date of
sampling. Additional data for any well may be retrieved from the computer
files of the U.S. Geological Survey using the well inventory table as a
guide. This data, which may include additional water levels or chloride
concentrations, for example, is retrieved by the 15-digit station numbers
shown in the second column.

Depths of Floridan aquifer irrigation wells vary from 100 to 790
feet in northwest Volusia County. The altitude of the bottoms of
irrigation wells in the Pierson area (fig. 10) shows no general pattern
but indicates that the average depth exceeds 300 feet. The deepest
irrigation wells are in northeast Pierson.

Irrigation Well Pumpage

To define the overall irrigation water-use rates in northwest
Volusia County, data were collected on the amount of acres irrigated,
the withdrawal rate per acre, and the pumpage per time. Also noted for
this overall water-use calculation was whether or not each well is used
for freeze protection. The term "growth irrigation' is used in this
discussion to apply to all irrigation which is for purposes other than
freeze protection.

Data from the irrigation well inventory indicate that a total of
1,470 acres of ferneries are growth irrigated in northwest Volusia County
with 850 acres growth irrigated in the Pierson area alone. These estimates
are based on acreage figures for early 1980. Data also indicate that acres
freeze protected on March 3-4, 1980, were 1,260 for northwest Volusia
County and 690 for the Pierson area alone. The mornings of March 3-4,
1980, made up the most severe freeze of winter 1979-80.

The average application rate for irrigation of ferneries in north-
west Volusia County is approximately 160 (gal/min)/acre. This is the
average rate for many measurements at individual wells which were made
during freeze protection and growth irrigation.

The average total period of pumpage per time for irrigation wells in
northwest Volusia County is 210 hours per year. The pumpage for the
period November 15 to March 15 is 110 hours, which represents approxi-
mately 50 percent of the pumpage. These rates were derived from readings of
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Figure 10.--Altitude of bottoms of irrigation wells in the
Pierson area.
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clay layers because the natural gamma activity of clay-bearing sediments
is much higher than the activity of quartz sands and carbonate materials.
The gamma activity, which is detectable through the iron casing of this
well, shows that clay beds begin at 40 feet below land surface and end
at 115 feet, and that the clay beds are interbedded with layers of
relatively inactive materials. The caliper (hole-diameter) log shows
that the 10-inch~diameter casing is 120 feet deep and also shows altitudes
of the more porous zones in the limestone formations. These zones of
greater hole diameter are centered around the 130-foot and the 440-foot
depths. The values of borehole flow shown on figure 12 were derived
from brine~trace logs. A plume of brine water was released in the
borehole and its vertical movement under nonpumping conditions was
recorded with an electrical conductance probe. The borehole flow
apparently enters between 120 and 160 feet and exits farther down.

This indicates that the head in the top of the Floridan is higher than
the head farther down at this site.

Caliper logs of several wells in the study area (fig. 13) show that
the altitudes of porous zones in the Floridan aquifer vary from one
location to another. The first three logs are from wells in the DelLeon
Springs area, followed by four from the Pierson area and one from the
Seville area. Generally, the upper 50 feet of the Floridan is rela-
tively permeable in the Pierson area. This zone is followed by 200 or
more feet of less permeable rock, below which is another zone of higher
permeability. Well 915-126-19, which is in the east Pierson area, was
drilled deeper than most wells in the area because the driller did not
penetrate zones of high permeability. The second and third logs in
figure 13 are typical of the DeLeon Springs area. These logs show
vertically extensive zones of high porosity.

Aquifer Tests

An aquifer test is a field experiment used in ground-water studies
to determine physical characteristics of an aquifer such as its ability
to transmit and store water. Depending on the amount of data collected
and the amount of analytical methods used, a test can also yield quanti-
tative information about the ratio of vertical to horizontal hydraulic
conductivity in the aquifer and the water-transmitting capacity of the
confining beds above the aquifer. The eight aquifer tests performed as
part of this study are of simple design and are used only to give values
of transmissivity and storage coefficient. A quantitative knowledge of
transmissivity and storage coefficient aids in the understanding of the
water budget of the aquifer and the effects of drawdown caused by ground-
water withdrawals for freeze protection.

The test design for each of the eight aquifer tests consisted of
one production well pumping at a constant known rate and one observation
well 400 to 1,000 feet away in which water-level drawdown was measured
during the pumping period. Most production and observation wells are
fernery irrigation wells that penetrate at least 100 feet into the
Floridan aquifer.
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The analytical methods used apply to isotropic, homogeneous, non-
leaky artesian aquifers with fully penetrating production wells of
constant discharge. The transmissivity of an aquifer is defined as the
rate of flow of water at the prevailing kinematic viscosity through a
unit width of the aquifer and extending the full saturated thickness of
the aquifer under a unit hydraulic gradient (modified from Lohman and
others, 1972, p. 13). The term "apparent transmissivity'| is used
because the conditions of isotropy and full penetration of wells gen-
erally are not met. Isotropy is defined as the condition in which all
significant properties of the aquifer are independent of direction
(Lohman and others, 1972, p. 9). The storage coefficient of an aquifer
is the volume of water that is released from or taken into storage, per
unit change in head per unit surface area of the aquifer (modified from
Lohman and others, 1972, p. 13). Although the assumption that the
aquifer is nonleaky is actually incorrect, it is a reasonable assumption
for the purposes herein because the tests are short in duration and
observation wells are relatively close to the production well in each
test.

The data for each aquifer test were analyzed by two methods which
are referred to here as the curve-matching method and the straight-line
method. 1In the curve-matching method, the time-drawdown data are plotted
on logarithmic paper and superimposed on a type curve for nonsteady
radial flow without vertical movement (Lohman, 1972). A match point is
selected, and match point values of s, t, W(u), and u are determined.
These values are used to solve for transmissivity and storage coefficient
from the following equations:

T =-—Z%§— W(u)
S = 4Ttu
r
for w = gy
where
T = transmissivity (feet squared per day),
S = storage coefficient (dimensionless),
Q = discharge rate from pumping well (cubic feet per day)
s = drawdown (feet), ‘
W(u) = the well function of u, |
t = time after discharge started (days), and |
r = distance from production well to observatién well (feet).
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In the straight-line method, drawdown is plotted against the log of time
and transmissivity and storage coefficient are calculated from the follow-
ing equations:

T = 2.30 Q
4HAs/Alog10t
S = 2.25T (—%2—)0

where all terms are as previously defined, and As/Alog)gt is the slope
of the straight-line part of the curve and (t/r2)0 is the value of t/r?
attained for the point where the straight-line projection intersects the
line of zero drawdown.

The plots used for analysis of the eight aquifer tests are shown
in figures 14-21. Each figure shows the plot used for the curve-matching
method and the plot used for the straight-line method. For plots in
which the curve-matching method was used, the values of w(u) u, s, and t,
which define the match point, are shown. For plots in which the straight-
line method was used, the value of As/Alog)gt, which is the slope of the
straight-line projection, is shown on the graph. Also shown for these
Plots is the value of t where the straight~line projection intersects
the line of zero drawdown: ty. The apparent values of transmissivity
and storage coefficient are in table 2, Transmissivities range from
6,300 to 89,000 ft2/d while storage coefficients range from 0.0003 to
0.0013.

The equations used for calculating T and S by the straight-line
method should only be used when u is less than or equal to about 0.02.
Considering that u = r2S/4Tt, and solving this equation for t after
substituting values of T and S obtained by the curve-matching method,
a value of critical time is obtained for each aquifer test. Critical
time is the time after which the data may be used for determination of
transmissivity and storage coefficient using the straight-line method
and the values thereof are:

Test No. Critical time in minutes

120
170
250
630
260
115
550
140
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