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USE OF DOUBLE-MASS CURVES TO DETERMINE DRAWDOWN
IN A LONG-TERM AQUIFER TEST IN NORTH-CENTRAL
VOLUSIA COUNTY, FLORIDA

By A. T. Rutledge

ABSTRACT

A wetlands area in central Volusia County has the potential to be an
important recharge area of the Floridan aquifer system if pumping increases
the downward hydraulic gradient. The source of the increased recharge is
capture of water from the surficial aquifer and wetlands environment. This
capture will probably cause a drawdown in the water table in the surficial
aquifer. To evaluate this drawdown, a well open to the Upper Floridan aquifer
was pumped at an average rate of 530 gallons per minute from June 30, 1978, to
July 17, 1979. Ground-water level data were collected at nine wells in the
surficial aquifer and six wells in the Floridan aquifer system before, during,
and after the pumping period.

Double-mass curves were used to separate the drawdown from natural water-
level fluctuations. Drawdown can be detected and quantified using changes in
slope on the double-mass curve.

The drawdowns were calculated for the Upper Floridan aquifer by comparing
data from observation wells to data from a control well open to that zone but
located 7.1 miles northwest of the pumping well as the control well. The
drawdowns calculated when the pumpage was 560 gallons per minute were 4.3 feet
at a site 350 feet northeast of the pumped well, 4.1 feet at a site 1,000 feet
northwest of the pumped well, 1.0 foot at a site 1.0 mile west of the pumped
well, and 0.4 foot at a site 5.8 miles south of the pumped well.

Very little drawdown occurred in the water table of the surficial aquifer.
Because it was small, drawdown in that aquifer was difficult to assess. After
an initial drawdown of 0.2 foot at a surficial aquifer well 1,000 feet from
the pumped well, there was some recovery, and long-term drawdown averaged less
than 0.2 foot. The drawdown 1.0 mile from the pumped well was too small to
measure.

The results of a 5-day aquifer test conducted during a period of no
rainfall in 1976 indicated that the ratio of surficial aquifer drawdown to
Floridan aquifer system drawdown at the test site reached an apparent equilib-
rium at 0.05. The results of the long-term test indicate that this ratio is
the upper limit of the water-table drawdown. The actual long-term drawdown is
less than the drawdown indicated by this ratio because of greater capture of
evapotranspiration and streamflow during the long-term test.



Using the principle of superposition, some of the results of this test
may be extrapolated to determine the drawdown in both the surficial aquifer
and the Upper Floridan aquifer that would occur given a larger pumping rate.

INTRODUCTION

North-central Volusia County is a sparcely populated area of approxi-
mately 70-square miles west of the city of Daytona Beach. Growth in the
cities of Daytona Beach, New Smyrna Beach, Ormond Beach, and adjacent communi-
ties continues to increase the demand for potable water. The 1980 water-use
rate of the east half of Volusia County was approximately 35 million gallons
per day (Mgal/d). Because of saltwater intrusion in the Floridan aquifer
system, many municipal supply wells have been abandoned in past decades and
replaced by new wells farther to the west.

North-central Volusia County, which is adjacent to the coastal munici-
palities, has an abundant supply of freshwater. This water occurs as
(1) surface water in streams and lakes, (2) ground water in the surficial
aquifer which is 15 to 70 feet thick and 80 to 100 percent saturated, and
(3) ground water in the Floridan aquifer system which is completely saturated
with freshwater through a 700- to 1,400-foot thickness. Central Volusia thus
contains a large and presently unused reserve of freshwater which could be a
source for the coastal areas.

Water managers are concerned about the possible long-term drawdown of the
water table in the surficial aquifer that could be caused by pumping from the
underlying Floridan aquifer system. It is apparent that some water table
drawdown must exist so that capture from streamflow or evapotranspiration can
occur, but the amount of water-table drawdown resulting from a given drawdown
in the Floridan aquifer system is unknown.

The purpose Jf this investigation was to determine the long-term drawdown
in both aquifer systems. The study was performed in cooperation with Volusia
County. ;The county installed and maintained a test pump which withdrew water
from the /Floridan aquifer system from June 1978 to July 1979 at an average
rate of 530 gallons per minute (gal/min). The U.S. Geological Survey main-
tained water-level records and rainfall records before, during, and after this
pumping period. Water-level records were collected at test sites near the
pumped well and also at "control'" wells that were so far from the pumped well
that little or no drawdown was expected.

This report documents the methods used and the results obtained in deter-
mining the drawdowns that resulted from this test pumping. Double-mass curves
were used to separate the drawdown caused by pumping from natural water-level
fluctuations. Although double-mass curves may be widely applicable in deter-
mining whether or not drawdown occurs, the method used in this report should
be used only if the drawdown due to stress reaches the state of equilibrium.















North-central Volusia County is thus an area of little natural recharge
to the Floridan aquifer system. However, it is part of the larger central
wetlands area of Volusia County (Bush, 1978, fig. 1) that is an area of poten-
tial recharge. TFor example, if water were pumped from the Floridan aquifer
system, the head in the Floridan aquifer system would be lowered, causing the
head gradient from the surficial aquifer to the Floridan aquifer system to
become greater. This greater gradient would increase downward leakage to the
Floridan aquifer system until a new equilibrium is reached and the increase in
recharge is equal to the pumping rate.

It is possible that the increase in downward leakage from the surficial
aquifer will be equal to a decline in evapotranspiration or streamflow or
both. However, this capture would involve a drawdown in the surficial aquifer.
The amount of long-term drawdown that occurred in both aquifer systems during
a long-term aquifer test is given in this report.

PRELIMINARY TEST

A 5-day aquifer test was conducted in January 1976 at the site of the long-
term aquifer test. The purposes of this preliminary test were to determine the
transmissivity, storage coefficient, and leakance coefficient of the Floridan
aquifer system. The Floridan aquifer system was pumped at well 1A (fig. 1) for
a period of 120 hours at the rate of 1,130 gal/min. Drawdown was monitored in
wells in both the Floridan aquifer system and surficial aquifer.

A family of curves showing the drawdown in the Floridan aquifer system
is shown in figure 4. Neither the storage coefficient nor the leakance
coefficient could be ascertained. The transmissivity was determined from a
curve-matching method wherein the data are superimposed on a type curve for
nonsteady radial flow without leakage (Lohman, 1972). The calculated trans-
missivity is a function of the vertical correspondence between the data curve
and the type curve. Therefore, similar transmissivities could be calculated
from each of the four curves on figure 4. A match point was selected for each

curve, and the values of s and W(u) were used to solve for transmissivity from
the following equation:

-9
T = = W(u) (1)
where
T = transmissivity (ft2/d);
Q = discharge rate from pumping well (ft3/d);

S drawdown (feet);

W(u) = the well function of u; and

r2s

YT AT

Match points for which s = 1.5 feet and W(u) = 1.0 were used to determine

a transmissivity of approximately 12,000 ft2/d (P. W. Bush, U.S. Geological
Survey, oral commun., 1978).
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During the 5-day aquifer test in 1976, the drawdown in the Floridan aquifer
system and the surficial aquifer became nearly constant. Figure 5 illustrates
that when a state of equilibrium is established the ratio of the drawdown in the
surficial aquifer to drawdown in the Floridan aquifer system is approximately
0.05. Of course, this drawdown ratio may vary with location. For example, the
water table drawdown next to a stream or swamp may be very close to 0. This
ratio, which remains constant at a given location for different pumping rates,
can be used to estimate drawdown in the water table of the surficial aquifer
due to an operating well field (J. O. Kimrey, U.S. Geological Survey, written
commun., 1976). As an example, for a Floridan aquifer system drawdown of 30
feet, the drawdown in the surficial aquifer would be 0.05 x 30, or 1.5 feet.
These estimates are limited to cases where the change in saturated thickness
of the surficial aquifer is small compared to the initial saturated thickness
and where water levels are in the range where evapotranspiration is reasonably
approximated by a linear depth-to-water relationship.

Although drawdown appeared to have stabilized during the 5-day aquifer
test, it is possible that long-term drawdown may deviate from that observed in
a short test. Rainfall was 0 during the 5-day test; therefore, the hydrologic
conditions during that test were unrepresentative of long-term conditons. A
long-term aquifer test was needed to determine if the apparent state of equi-
librium in the shorter test was in fact a steady condition.

LONG-TERM AQUIFER TEST DESIGN AND DATA COLLECTION

Pumpage

A turbine pump was installed on well 1A (fig. 1) and was equipped with an
electric motor and a diesel backup motor. The well was pumped from June 30,
1978, until July 17, 1979. Pumpage averaged 560 gal/min, or 0.8 Mgal/d, until
February 1979 after which time it averaged 500 gal/min until April 1979. During
the last 3 months of the test, pumpage averaged 480 gal/min. The average rate
over the 382-day total period was about 530 gal/min. There was a pump breakdown
from January 12, 1979, to January 17, 1979, and another from January 31, 1979,
to February 9, 1979. With the exception of these breakdowns, pumping was only
interrupted for short maintenance periods generally lasting less than one-half
hour. The water was discharged into a swamp approximately 1 mile southeast of
well 1A.

Data Collection

The pumped well (well 1A) and a total of 17 other wells comprising the
ground-water data collection network are shown in figure 1 and their descrip-
tions are in table 1. Reference to individual wells is by the well name.

Water levels in surficial aquifer wells are nearly equal to the actual
water-table level. Measurements in wells in the surficial aquifer of dif-
ferent depths at the same location show very little head change with depth.
The wells range in depth from approximately 20 to 60 feet and are completed
with 2 feet of screen at the bottom.
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With the exception of Mile West Deep, which is cased more than 100 feet
into the limestone, all wells in the Floridan aquifer system, including the
pumped well, are cased only to the top of rock, which is about 100 feet below
land surface, then completed as open holes in the rock formation down to 150
to 220 feet. These wells are open to the upper part of the Floridan aquifer
system, the zone which was subjected to pumping stress during the test. Mile
West Deep is cased to 256 feet and is an open hole to a depth of 523 feet. It
is, therefore, open to a deeper unstressed zone in the Floridan aquifer system.

Water-level data were collected before, during, and after the pumping
period at nine wells in the surficial aquifer and six wells in the Floridan
aquifer system (table 1). Water-level recorders were used to monitor levels
in six wells in the Floridan aquifer system and in five wells in the surficial
aquifer. Periodic tape measurements were made in the four wells in the remain-
ing surficial aquifer. Most water-level recorders were operational from April
1978 to November 1979 whereas some were operational until October 1980. Four
water-level recorders were still operational as of the date of this publication
(1985): U. C. Shallow, U. C. Deep, 350-foot Shallow, and 4A. Three rainfall
recorders were maintained during the test.

DESCRIPTION OF DOUBLE-MASS CURVES

Double-mass curves are used to separate the drawdown caused by pumping
from the '"noise" in the water-level data caused by natural water-level fluc-
tuations. The theory is that a graph of cumulation of one quantity against
the cumulation of another quantity during the same period will plot as a
straight line as long as the two quantities are proportional. A break in the
slope of the double-mass curve means that a change in the constant of propor-
tionality between the two variables has occurred. The difference in the slope
of the lines indicates the degree of change in the relation (Searcy and
Hardison, 1960).

Drawdown is defined as the difference between the water level in a well
and the water level that would have existed in that well if pumping had not
occurred. The difficulty of observing drawdown is demonstrated by an example
in which the natural water level trend is a rapid ascent and in which the water-
level decline because of pumping (drawdown) is not large enough to cause the
water level to decline. In this example, the water level actually increases
during the period of pumping. In order that drawdown may be determined, the
fluctuations caused by factors other than pumping must be removed from the data.

The double-mass curves were constructed with the corresponding cumulative
daily water levels from (1) a test well in which drawdown was expected, and
(2) a control well in which little or no drawdown was expected. The data were
plotted with the test well as the vertical axis and the control, or unaffected,
well as the horizontal axis (fig. 6). Drawdown may be determined graphically
by the method outlined in the figure. This method is valid only if the draw-
down reaches a state of equilibrium before the time period represented by
segment B-B'. Therefore, the segment B-B' in figure 6 must have a uniform
slope. The segment must not exhibit a gradually decreasing slope from point
B to point B', because this would indicate that drawdown had not reached a
state of equilibrium before the B-B' time period.

12
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If changes in slope are very slight, or if greater accuracy is required,
it is necessary to calculate drawdown by mathematical methods. The following
equation is used to determine drawdown:

(Xpi=Xp)  (¥y,-Y,) (Y. ,-Y.)
X X)) - B' "B
s [ ' A (2)
B-B' = S
B-B'
where
SB-B' = drawdown during the time period B-B', in feet; and
tB-B' = time period represented by the segment B-B', in days, and other

variables are the X- and Y- coordinates of the endpoints of
line segments on double-mass curves, in feet-days.

Figure 6 and the accompanying discussion are based on an idealized repre-
sentation. However, a double-mass curve drawn from field data may show changes
in slope that are caused by factors other than pumping. This state of nonpro-
portionality may exist, for example, because the natural water-level decline
or rise for a given period may be larger in one well than in another. Because
of these differences, the change in slope caused by pumping alone may be less
discernible. Other errors could arise if the nonstress time period is not
long enough. This period must be of great enough length such that proportion-
ality can be demonstrated.

The cumulative daily water levels used for double-mass curves are above
datums chosen such that the maximum water levels are approximately 50 percent
greater than the minimum water levels. This choice of datums was made to
increase the sensitivity and to maximize the proportionality of the double-
mass curves. The intent of this is to make it possible to closely approximate
the water level at one site by a constant times the water level at another
site. The datum for each well record is:

stz s
U. C. Shallow 15 350-foot Shallow 30
U. C. Deep 20 1,000-foot Shallow 30
Mile West Deep 21 4A 21
Mile West Middepth 21 I-4 Deep 31
Mile West Shallow 26 I-4 Shallow 35

14



This is only one method of choosing datums. Other methods could be
employed to increase proportionality. Of greatest importance is that a given
procedure is applied uniformly for all water-level records.

RESPONSE IN THE FLORIDAN AQUIFER SYSTEM

The drawdown at well 4A, which is 350 feet from the pumped well, is
obvious in the graphic plot (fig. 7). Drawdown of water levels at the begin-
ning of pumping and recovery at the end are approximately 3.5 to 4.5 feet for
each pumping period.

The water-level fluctuations of three other wells in the Floridan aquifer
system show the same general fluctuations as 4A except for obvious drawdown
(fig. 7). The 4A record parallels that of U. C. Deep before and after pumping
but also parallels it during pumping at a different vertical position. The
U. C. Deep and the I-4 Deep record show little or no effect of pumping, whereas
the Mile West Middepth shows a small effect which is noticeable because of
pump failures. The U. C. Deep and I-4 Deep records may therefore be used as
control wells for assessing drawdown in the other two wells.

Figure 8 is a double-mass curve in which 4A is the test well and U. C.
Deep is the control well. The effects of pumping are shown here in a way that
is similar to the idealized double-mass curve of figure 6. The plot departs
from the idealized double-mass curve because of discontinuous pumpage. The
pump failures of January to February 1979 cause temporary returns to the non-
pumping slope. The slope after the pump failures is greater than it is before
the failures because the pumping rate decreased from 560 gal/min before fail-
ures to as low as 480 gal/min after failures. January 11, 1979, as indicated
in figure 8, preceded the first pump failure by one day.

The drawdown at well 4A may be calculated for a period of time that pre-
ceded the pump failures using segments B-B', C-C', and D-D', and may also be
calculated for a period of time after the pump failures using segment E-E'.
For each of these calculations, the segment A-A' is used as a reference.
Therefore, the calculated drawdowns are 4.5 feet for segment B-B', 4.6 feet
for segment C-C', 4.0 feet for segment D-D', and 3.6 feet for segment E-E'.
The average drawdown for the pumping period uwp to January 11, 1979, is approx-
imately 4.3 feet.

The average drawdown at well 5A during the part of the pumping period to
January 11, 1979, is estimated as 4.1 feet. The basis for this estimate is
that the water level in well 5A was 0.2 foot higher than that of 4A during the
period of June 30, 1978, to January 11, 1979, vet levels in the two wells were
essentially equal before the pumping began.

The double-mass curve of Mile West Middepth versus U. C. Deep has a notice-
able break in the slope at the time the pump was turned on (fig. 9). The calcu-
lated drawdowns are: 1.0 foot for segment B-B', 1.4 feet for segment C-C', 0.7
foot for segment D-D', and 0.6 foot for segment E-E'. The average drawdown for
the pumping period up to January 11, 1979, is approximately 1.0 foot.

15
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CUMULATIVE DAILY MINIMUM WATER LEVEL

IN 4A WELL, IN FEET-DAYS
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Figure 8.--Double-mass curve of water-level data for 4A well
and U. C. Deep well for the period April 25, 1978 to

January 4, 1980.
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CUMULATIVE DAILY MAXIMUM WATER LEVEL
IN MILE WEST MIDDEPTH WELL, IN FEET-DAYS
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Figure 9.--Double-mass curve of water-level data for Mile

West Middepth well and U. C. Deep well for the period
April 25, 1978 to October 31, 1979.
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The change in slope in figure 10 at the time the pump was turned on
indicates that I-4 Deep is also affected. The calculated drawdowns are 0.1
foot for segment B-B', 0.5 foot for segment C-C', 0.3 foot for segment D-D',
and 0.2 foot for segment E-E'. The average drawdown for the period up to
January 11, 1979, is approximately 0.4 foot.

If I-4 Deep had drawdown, then it is possible that U. C. Deep may also
have been affected. U. C. Deep is only 1.3 miles farther from the production
well than I-4 Deep. 1In view of this possible drawdown, the drawdowns calcu-
lated in other wells by double-mass curve analysis using U. C. Deep as the
control should be described as 'the amount of drawdown in excess of the draw-
down at U. C. Deep" instead of using absolute terminology.

RESPONSE IN THE SURFICIAL AQUIFER

Figure 11 shows the water-level record of the 350-foot Shallow well along
with the record of 4A. These wells are the same distance from the pumped well.
A slight drawdown of 0.1 to 0.2 foot in the shallow well is indicated by a break
in slope on the hydrograph when the pump was turned on. However, the drawdown
is so small that, on the long-term basis, it cannot be separated from the '"noise"
in the data caused by natural water-level fluctuations. It is for this reason
that double-mass curve analysis is especially useful for assessing drawdown in
the surficial aquifer.

Fluctuations of the water table at four different sites are shown in
figure 12. Because of its location, U. C. Shallow was used as a control well.
Mile West Shallow was also used as a control well because of the greater
similarity between the natural fluctuations of water level at that well and
the natural fluctuations of water levels at the test well. However, water
levels at Mile West Shallow may be slightly affected. For double-mass curves,
1,000-foot Shallow is shown instead of 350-foot Shallow because, unlike the
350-foot Shallow record, the 1,000-foot Shallow record was uninterrupted
during the pumping period and continued uninterrupted for a relatively long
period after the pump was turned off.

Very little drawdown at 1,000-foot Shallow well is detectable on the

double-mass curve in figure 13. The average slope for the period of pumping
is 0.46.

It is possible that slope changes caused by drawdown can be separated
from those caused by nonproportionalities in records if double-mass curves
from affected wells are compared to double-mass curves from wells less
affected. The slope changes in figure 13 are similar to those in figure 14,
although Mile West Shallow well is less affected than 1,000-foot Shallow well.
The data from these double-mass curves, in addition to two others not shown,
may be compared because U. C. Shallow well is used as the control well for all
and because the lettered points represent the same day for all with the excep-
tion of point G':
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5000

4000

3000

2000

1000

A

T

T 1 {
SEGMENT ENDPOINTS AND SLOPES

X

Y DATE

SLOPE

15.
443.

487.
509.

731.
1260.

1373.
1350.

2349.
2848.

3601.
3626.

42
09

42
18

87
82

54
84

67
48

67
77

12
359

394
4n

575
976

1061
1431

1837
2228

2695
2713

PUMP ON

.22 4/26/78
.19 6/26/78

.59 7/ 2/78
.83 7/ 5/78

.24 8/ 1/78
.57 .10/ 1/78

.59 10/15/78
.30 12/15/78

.00 2/15/79
.26 4/15/79

A7 7/19/79
.66 7/22/79

A-A':0.81
B-B':0.79 -

C-C':0.76

Gaps in record

D-D:0.77 of -4 deep well

E-E':0.78

F-F':0.74

PUMP OFF

Jan. 11,1979

EXPLANATION

LETTERED POINTS  REPRESENT
ENDPOINTS OF SEGMENTS FOR
WHICH SLOPES WERE CALCULATED

X AXIS

1000

2000 3000 4000 5000
CUMULATIVE DAILY MAXIMUM WATER LEVEL
IN U.C. DEEP WELL, IN FEET-DAYS

Figure 10.--Double-mass curve of water-level data for I-4
Deep well and U. C. Deep well for the period April 25,
1978 to October 31, 1979.
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CUMULATIVE DAILLY MAXIMUM WATER LEVEL
IN 1000-FOOT SHALLOW WELL, IN FEET-DAYS
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Figure 13.--Double-mass curve of water-level data for
1,000-foot Shallow well and U. C. Shallow well for
the period April 25, 1978 to November 1, 1979.
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CUMULATIVE DAILY MAXIMUM WATER LEVEL
IN MILE WEST SHALLOW WELL, IN FEET-DAYS
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Figure 14.--Double-mass curve of water-level data for Mile
West Shallow well and U. C. Shallow well for the period
April 25, 1978 to September 10, 1979.
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350-ft 1,000-ft Mile West I-4

Segment Shallow Shallow Shallow Shallow

well well well well
A-A" 0.44 0.45 0.61 0.29
B-B' 41 .43 .61 .29
c-C' s 45 .60 .29
D-D' .52 .53 .70 .33
E-E' -- 44 .60 .27
F-F' .43 .43 .53 .24
G-G' -- 45 .60 .27

The general similarity between the slope changes of each record indicates
that most of the slope changes are caused by slight nonproportionalities
between water-level records and not by pumping. There is an increase in slope
in segment D-D' for all four records. This seems to be related to natural
water-level changes and must not be associated with pumping, because the
change is approximately equal for all. There is a reduction in slope from A-A'
to B-B' for 350-foot Shallow and for 1,000-foot Shallow but not for the other
two. This may be caused by drawdown at these wells much closer to the pumping
well. Apparently, the only slope anomaly in figure 13 that is caused by
pumping is that exhibited by segment B-B'. It is apparent from the change in
slope from B-B' to C-C' in figure 13 that any initial drawdown at 1,000-foot
Shallow was counteracted by a recovery and that the long-term drawdown at that
site was probably less than the 0.2-foot initial drawdown.

The double-mass curve of 1,000-foot Shallow versus Mile West Shallow
(fig. 15) shows the same temporary decline in slope immediately after the
beginning of pumping that is apparent on curves using U. C. Shallow as the
control well. Segment B-B' has an anomalously low slope.

Double-mass curves show that the water-level records for wells in the sur-
ficial aquifer are considerably less proportional to each other than records
of wells in the Floridan aquifer system are to each other. One reason for this
may be that the surficial aquifer levels are more immediately affected by rain-
fall. On a short-term basis, areally unequal rainfall may cause a water-level
increase at one well whereas another well exhibits no change. The Floridan
aquifer system levels, however, are influenced by rainfall trends over a larger
time period, and short-term differences in rainfall tend to even out.

Figure 16, which is a double-mass curve of rainfall data for the East
rain gage and the Mile West rain gage, has slope changes that are similar to
those in figure 15. For example, segment C-C' exhibits greater slopes than
segments A-A' and E-E' in both figure 15 and figure 16. This supports the
idea that most slope changes on these double-mass curves of water-level data
are caused by areal variations in the rainfall rate.
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CUMULATIVE DAILY MAXIMUM WATER LEVEL
IN 1000-FOOT SHALLOW WELL, IN FEET-DAYS
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Figure 15.--Double-mass curve of water-level data for
1,000-foot Shallow well and Mile West Shallow well
for the period April 25, 1978 to September 11, 1979.
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CUMULATIVE MONTHLY RAINFALL AT

EAST RAIN GAGE, IN INCHES
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Figure 16.--Double-mass curve of rainfall data for East Rain
gage and Mile West Rain gage for the period April 1978 to
June 1979.
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CONCLUSIONS

The drawdowns in wells in the Floridan aquifer system during the long-
term test were calculated, using U. C. Deep as the control well, to be 4.3
feet at 4A, 4.1 feet at 5A, 1.0-foot at Mile West Middepth, and 0.4 foot at
I-4 Deep. The pumping during this time was 560 gal/min. Because of the
possibility of small drawdown at U. C. Deep, the drawdowns at other wells are
the drawdowns in excess of the drawdown at U. C. Deep.

Very little drawdown occurred in the water table. Drawdown in the surfi-
cial aquifer was difficult to assess because it was small and because water-
table records lacked the proportionality of the Floridan aquifer system records.
However, after an initial drawdown of 0.2 foot at the 1,000-foot Shallow well,
there was an apparent recovery, and long-term drawdown averaged less than 0.2
foot. Drawdown at Mile West Shallow was too small to measure.

The results of the 5-day aquifer test conducted in 1976 indicate that
an apparent state of equilibrium was established in which the ratio of the
drawdown in the surficial aquifer to drawdown in the Floridan aquifer system
was approximately 0.05 at this test site. This ratio may yield merely an
upper limit on long-term water table drawdown. The conditions during the
5-day aquifer test were not representative of long-term conditions because
there was no rainfall during that test. This means that a larger proportion
of the water captured came from the supply that was already in the surficial
aquifer before pumping started, and a lesser proportion came from the reduced
rates of evapotranspiration and discharge to streams. On the long-term basis,
it is from these latter sources that additional water is captured. The actual
long-term average drawdown is therefore less than the drawdown that occurs
during dry periods. Drawdown probably intermittently returns to its upper
limit during times of drought.

The results of the long-term test may be extrapolated to determine the
drawdown that would occur given a larger pumping rate. Using the principle
of superposition, the drawdowns created by pumping from the same production
well in the Floridan aquifer system may be determined. For example, if the
pumping rate from well 1A doubled, then the drawdown at well 4A would double.
Similarly, the upper limit of drawdown in the surficial aquifer would double,
although the average drawdown could be significantly less than the new limit.
Results of the aquifer test should be applicable for estimating drawdowns
caused by pumping in other areas of north-central Volusia County. However,
because of the variability of characteristics of the Floridan aquifer system,
the confining layer, and the surficial aquifer, the drawdown may be different
from that predicted by extending the results of this test.
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