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PURPOSE AND SCOPE
The City of Ocala and SilQer Springs are situated in an area
vhere the caverhous limestones of the Floridan aquifer are at or
near the surface. AS the Floridan is the principal aquifer from
which mo;t water for private, municipal, and industrial use is

withdrawn, any development which may affect the aquifer is of

public interest. Such & development. is the planned construction

of the Cross-Florida Barge Canal, 1Its planned route will pass
south and east of Ocala and Silvér Springs (fig., 1). South of

Ocala the canal will be cut into, the Floridan aquifer where it

will-cross the natural northward flow of ground water, One of

the first aquestions which arises is what will be the effcct of

the canal on Silver Springs and Qcala's municipal supply. What

the effect will be depends on the direction and rate of the ground-

vater flow. At the present time, 2 ﬁydrologic invegtigation of the

Ocala area is concerned with the movement of ground water. from areas

~of recharge to Silver Springs, the major discharge point, 4 miles

aquifer should be 1nve§tigatcﬁ.

northeast of Ocala,

Tﬁe use of tracers for determining direction and rate of move-
ment of ground water is a direct method of mcasuring theso para-
meters, but before tracer studies can be of value the selectlion of

the epecific tracer and its level of natural oceurrence in the




ride
Cross Flofts

E‘XPL‘ANATION

Piezometric surface of the
Floridan oquifer- Jan, iS67

Contours in feet above
mean seag level

& © Sompling Sites
L Ocalo Caverns
2. Wolf Sink
3. Well no.|
4. Well*no.2
3. Silver Springs
_ 6. Silver Run
o] - 5
| MILES ‘
82960
WED ol e Geaial Fia, aroeo shevine loeng e




The purpcse of thié 1nv§stigation was to (1) evaluate the
effectiveness of various tracers as they are épplicable to the
Ocals area and (2) determiﬁe the background fluorescence of
the.water iﬁ the aquifer.‘ If a fluorescent dye such as
fluorescein or Rhodamine WT were used as é tracer, the background
flﬁorescence level of the water and its variation with.time must

be known,
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GENERAL

Tracers have been usad to'determine the rate and direction
of water movement since the latter part of'fhe'nineteenth'century.
Until about ten years ago the principal interest was in tracing
the movement of ground water, but with improved analytical in-

strumenta and fluorescent dyes, tracers have been used extensively

" in surface water studies, Fluorescent dyes and the fluorometer

have been used to determine dispersion, time- -of-travel, and

sediment transport in streams (C, F, Nordin, written communication,

1/

'1967) Radioisotopes such as tritium have recently been used as

water tracers,
In 1887, fluorescein was used with mﬁch success in France for

tracing ground-water movement through cavernéus limestone (Dole,

1906, P. 79-82). It was superior to other tracers at that time

because 1t could be detectéd at low concentrations by visual means

and resultéd in a qualitative measurement--either the presence or

abgsence of the fluorescein. Since the development of thé fluoroneter,

fluorescein now can be détected-at a.céncentration as low as 0.01

part per biliion‘(ppb). Howévef, in natural environments the back-

ground fluorescence has a greater variation than the minimum

detection level of the instrument.

Y/ C F, Nordin, Fluorescent tracers in sediment tran3port studies,
U.. s, Geological Survey,‘WRD Research Note no, 33.
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Rhodamine dyes are generally used in dispersion and time-of-

travel studies of streams because their presence can be detected
with the fluorometer.

Tritium, a rad;oisotope of hydrogen, is & good tracer. It is
about'IO0,00Q times more detectable than fluorescein and, being'
hydrogen, makes up part bf the water molecuie. Tritium has been

used to trace. ground-water movement either by determining the

amount and fluctuation of natural tritium in the ground water or

_by injecting tritium into the ground water (Haskell and others,

1966, p. 3849; Burdon and others, 1963, p. 309):.
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' DYE CHARACTERISTICS
Fluorescent dyes for use as tracers in hydrologic studies
.should havg the foliowing characte;i;tics (Wilson, 1967):
1. ‘A high detectibility range

2, Little effect on plant and animal 1ife

T PO e T et 4 n L a1 e e

3. A low sorption tendency

gy ooty e,

4. A low photochemical decay rate

5. Be soluble and disperse readily in water
6. Be chemically stable

7. Be inexpensive

8. Be easily separated from common background fluorescence

L ki i e g

9. Be easy to handle
The following table gives the characteristics of the four fluorescent

dyes most comnmonly used in tracer studies;

" e | _ Table 1,--Characteristics of fluorescent dyes

g Photochemicel  Adsorption on "Effect of Effcct of

£ | . Dye . decay "rock material  temperature ph
Fluorescein - high : low slight affected

- Rhodamine B moderately low high _ great unaffected
: - o . between 5-10

Pontacyl Pink low . some - great unaffected
' : : between 5-10

Rhodamine WT moderately low low great unaffected
: between 5-10

LA
'




- fluorometer than if it were warm,

Fluorescein, because of its photOCSEmical decay which {is only
8 problem in 3urface-waters, is not a satisfactorf tracer fof use
in open channel flow, Bright sunlight rapidly decreases its
fluorescence potential, Because rhodamine.dyes are largely un-
affected by sunlight, they are the fluorescent dyes commonly used

in 6pen channel studies,

*  Rhodamine B has been used as a ground-water tracer even

" though the dye is greatly adsorbed by sand, clay, and rock

particles. Chances are greater for a successful tracing experiment

if a new rhodamine dve, Rhodamine WT, were used, Rhodamine WT is
adsoxbed less by sediments and rocks than is rhodamine B, and

appears to be a suitable ground-water tracer,
In most hydraulic experiments a quantitative measurement of

the concentration of tracer is desired. The intensity of fluorescence

is related to the concentration of the dye; and so, factors which
effect fluorescence other than concentration.hdst be controlied,
Temperature, in particular, greatly affects the fluorcscence of
the rhodamine dyes. Fluorescence decreases Qith'incfcasing

temperature and & cold sample will give a much higher reading on the

As much as 2 percent reduction in

fluorescence may occur for every degree (Ccntigradc) rise {n temperature

(Buchanan, 1964, P. 4). Vhen rhodamine dye 13 used a5 a tracer either

. the temperature must be controlled or temperature- corrocciun

e

coefficienus nust be Uaed
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BACKGROUND FLUORESCENCE

Rearly all natural waters contain minerals and organic com-

pounds which are fluorescent Or.give a background reading on.the

3 F i e s g

fluorometer., - The wave lengths emitted by these naturally~occuring
substances are the same as those emitted by the various dyes, There-
fore, fluorescence, per se, does not indicate that the.watcr contains
Injected d&e. Rather, it is the sudden or abnormal increase in the

level of fluorescence that is the indicator. To differentiate be-

e

end causes at all sites at vhich measurements sre to he made during

the contemplated study.

Background fluorescence in streams and lakes is generally nmuch

background fluorescence in equivalent concentrations of fluorescein

varied between 2 and 30 ppb  and appeared to be proportional to the

ra.ur.'m— "

of fluores;e;n

11

‘tween normal and abnormal levels, the naturally- occuring, or background,

should be made over g period of time to determine the natural variations

higher then in ground water because of turbidity, color, and naturally

fluorescent material., In a study of sink lakes in' the QOcala area, the

; ~ color level of the water. Generally in central Florida surface waters
the more highly colored the water the more orgenic material in solut_on

It is emph331zed that the background readingo are not due to fluorescein

N e A i YRS S s g

fluorescence must be megsured before a dye study is begun. Measurements /

in the water, but are only meaSured in unlts of equivalent concentrations

" rrgpeege e
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Chlorophyli, pheophytin, and other nafurally oceuring organic

pigments, when excited with light enexrgy, will emft light (fluoresce)

at wavelengths from 220 to 690 millinmicrons (mp ). Inm the fluoro-

|
meter, primary filters are used to allow only @ narrow band of o }
wavelengths from the light source to excite (be absorbed by) the i
- dye, and secondary filters allow only a narrow band, usually of
"longer wavelengths of emitted light from the dye to reach the photo-
multiplier By narrowing the band of absorbed and emitted wvave-

lengths, much of the undesired fluorescence can be screened oput,

The peak absorption wavelength of fluorescein and rhodamine ig

'496 my and 556 mu reSpectlvely. Apparently natural fluorescent
.materials have peak absorption wavelengths nearer that of fluores-
cein than that of rhodamiva' Rhodamine, because of its longer
wavelength, thus hag less interference from natural fluorescence
than fluorescein,

The basic fundamentals of fluorometry which make possible the
use of fluorescent dyes in tracing the movement of ground water are;
(1) some compounds have the ability of discharging the . energy
obtained from absorbed llght by reemitting light of a longer wave-
length; (2) the intEHSlty of light emitted is pProportional to the

amount of exciting light absorbed; (3) the emount of light of a

certain wavelength emitted 4g pProportional to the concentration of
the compound; and (4) fluorometer read-out is designed to be pro-

portioned to amount of emitted lighe, : :

12
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~ two-month period from January 3 to February 28.

Procedure

A‘study_was made‘to determine the magnitude and variation
with time of background fluorescence in various ground-water
environments in the QOcals area. Samples we;e collected during
a two-month period at six Sités repregenting ground-water
envifonments. The five enviromments include a8 limestone cavern
(Ctala Caverns), a sink (Wolf Sink), a spring (Silver Springs ),"
8 stream (Silver Run), and two wells (well 1, well 2). The
location of sites and’ the piezometric surface are showm on
figure-l. The site selection was based on the following
criterié: (1) environments which could be used as monitoring
sites during‘a tfécer experiment, and (2) iocation.of site alopg
an approximate inferred flow line down the piczomctric gradient |
from Ocala Caverns and wolf Siﬁk to Silver Springs, an arca of

discharge., The direction of flow was inferred from the plezometric’

map (Glen Faulkner oral communication),

The samplés were collected and tested under controlled conditions

to minimize the effects of photochemical decay, temperature, and

instrumental error,

During the sampiing period, samples were collected dally, Monday

through Friday. Forty samples were collected at each afte during the

three samples were collected at Silver Springs and at Sllver Run,

Immediately after collecction, the samples were storod in a covered case

until returned to the laboratory. The samplecs weve kept (n the dark

from the time of collection until they were analyrod with the {Iboromqter

to minimize tﬁe chance‘of photochemical decay.

13

On onc day, February 7,




The samples were stored in the laboratory for 24 hours after
‘collection. to allow them to reach room temperature and to allow all
suspended material to settle out. As the room temperaéure varied by
only & degrces (71°-75°F) over the two-month period, all samples
when'analyzed were‘héarly uniform in temperature, This procedure
was used to minimize temperature effeet on fiuorescence. Other
prd&edureg to minimize temperature effects were warming up the
instrument for o sufficiently long period 6£ fime in order fqr it to
reach its maximum operating temperature, and placing each sample in
the flucrometer for exactly the same length of time (65 seconds).
‘In 65 séconds, the instrﬁment had time to stabilize and each'samplé
had increased in téméerature approximapély the‘same amount,

Ihé samplesrwere tested for background fluorescence relétive
to both fluorescein and Rhodemine BA. Rhodamine BA was included
because it was available as a standard, and because it has the same

fluorescent characteristics as Rhodamine WI, a dye which may prove

to be & éuitable‘gréund-water tracer,
The instrument used was a Turner, Model 111 fluorometer equipped
with a high sensmtivity conversion kit and a far-ultraviolet lamp as

1ts light source. The kit and the far-ultraviolet lamp increased the

sensitivity of the instrument about 20 fold, The primary Iilter used

in conjunction with the fluorescein test passed the maximum anount of
light having a wave length of 436 myp , and the secondary filter pagsed
the maximum amount of light having a wavelength of 510 mp . The primary

filter used in the rhodemine test passed light at a wavelength of

-

546 my and the secondary filter at 590 my o,

14




The zero point of fluoréscence on the fluorometer was established

with distilled water, while the recommended practice is to zero the

fluorometer with a dummy cuvette. By zeroing with the dummy cuvette,

the background caused by the scattering of light by the sample water
is inciuded in the background reading, Standards containing 0.2,
0.5,"1.0, and 5.0 ppb of fluorescein were tested and tﬁe corresponding
dial readings were plotted against the concentrations of fluorescein
in ppb. A curve was drawn through fhe peints relatiﬂg dial reading
Four standards were also used to

to concentration of fluorescein,

develop a dial reading versus Rhodamine BA concentration curve, These
standards had concentrations of 0.8, 1.9, 3.9,~and 7.7 ppb of Rhodamine
BA. The curves indicated that the fluorometer is more sensitive to

fluorescein than to Rhodamine BA, which is probably due to the particular

sets of filters used,

The temperature of the sample was recorded irmediately before

it was poured into the cuvette, a small (3.5 cc) specialized test tube,

and inserted in the fluorometer, To minimize instrumental exrror, the

cuvetts was always p051t10ned with the same orientation in the instrument,

After the sample had been 1n the fluorometer for 65 seconds, the dial

was read and the value recorded. Each day the set of samples was tested

for background fluorescence using fluorescein filters after which the
- filters were changed and the-sdmplés were retested for background
fluorscence using rhodamine B filterc. The zero point of fluorescence

had to be reestablished with each change of filters, - "




AR Ty
R T

R

Data

The background fluorascence values as determined from the
forty samples from each site are listed in Eable 2, Ba;kground
fluorescence is low,'as would be eipectéd in grouﬁd water, The
values for fluorescein are more consistanf than those for rhodamine,
This ié probably due to the lower sensitivity of the fluorometer to

i

" rhodamine where a small dial change corresponds to a relativity
large change in concentration, |
The average background fluorescence in equivalent concentrations
of fluorescein using fluorescein filters, at each site is: well 1 -
0.1 ppb (8 dial di visions on 30 x scale), well 2- 0, 1 ppb (8 dial
divisions on 30 x scale}, Ocala Caverns - 0.2 ppb (18 dial divisions
on 30 xlseale), Silver Springs - 0,2 ppb (18 dial divisions on 30 x
acale), Wolf Sink -~ 0.3 ppb (28 dial divisions on 30 x scale), and
Sllver Run - 0.3 ppb (28 dial divisions on 30 x scale)
The variation of background fluorescence using fluoréscein filters, at
.each siﬁe is small sb that the difference between the sites is significant.
At sites where there is little suspenéion and dissoiufion of material,
such as in the wellé the background Iluorescence is. the lowest At
the Caverns and at Silver Springs, where some material is suspended
and dissolved {n the water, the backgrouﬁq fluorescence has interm;diate.
.values. At Silver Run and at the sink, where at times surface runoff

brings organic material inte the water, the background fluorescence is

the highest,

16




A

S —r

Dzte

1-31-67
2= 1-67
2- 2-67
2- 3-67
2- 6-67

2= 7-67

2-77-67

81

2= 767
2« 8-67
2~ 9-87

Background Fluoresce

nee in equivalent concentrations

of fluorescein (ppb)

Wel i_

1

L= 2o i o JF S I

T
O

* @

-

Well
2

0.1
.2
.1
.1
.1

.1

0
.1

Qcala
Caverns

0.

. v e 8
- NNN

Wolf
Sink

0.3
.3
.2
.3
.2

2

Silver
Springs

0.2
.2

Siiver
Run

Backeround

L LA M DT Y AP Lluoroscenca ac pelecred sltes Iin the Ocala Areas-Continuved

Fluorescence in equivalent

Loncentrations of Rhodamine BA {ppb}

Well

1

OO QO

o

QO

'Y

L
COoCWOoOUV- LI OQOO

[N

Well

(ol Nole e

1 O

© QOcaln
Caverns

OO oo

(o]

cxwooco

ouwooo

Wolf
Sink

O Ccoooo

oo

(=l e

Silver

Silver

Springs Run

0 0

0 0

0 0

0 0

.5 3

0

0 .

0

0

0 .

0 o5

0 .0

0 0

o 5

5 3

«3 -

.5 0

N 1.0

0 o

0 0

0 0

0 0



" Table 2, «-Background fluorescence at selected sites in.the Ocala area
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Samples from Ocala Caverns had anomalous values when tested
with fluorescein filters on January 25, 27, and February 13. The

same Sambles when tested with rhodamine B filters did not have

anomalous values. People periodically swim and boat in the cavern

which could inérease_turbidity and result in higher background
fluorescence. 1In eacﬁ case ﬁhe background fluorescence dropped
to its normal level the fdllowing day. It is important to under-
stand that use of different filters will result in different back;
ground readings,

Rainfall effects
Silver Run was selected as a saupling site In addition.to the
main "boil" at Silvér éprings because numerous small springs &is;
charge to the run. In the event that-these small sérings discharge
“water from the Caverns aﬁd the Sink, sampling only at the main boil
would result in an unsuccessful tracer study. -

The background fluorescence data from Silver Run was analyzed
to.see if.a site which af times contains surface runoff, would have
abnormally high fluorescence, because surface water in the a;ea is
known to be relativéiy high in backgroqnd fluorescence, Surface run-
off into Silver Run oé?urs p%edominantiy during rainfall. To test
fo; a correlation between fluorescence aund rainfall, daily_values of
background fluorescence.using fiﬁorescein filters and rainfall were
plotted on figure 2, No appafent relation between fluorescence and
rainfall was noted with.the exception of Fegruéry 13, when, following

5 days of rain, the highest fiuorescence using fluorescein filters

e
-

(0.5 ppb) was recorded,

19
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It appears reasonable to infer that the fluorescence value for this

date waé affected by runoff, Though background fludresbence is a

little higher in the run s short distance dovnstream from the head
of the spring, it appears that the run can be used as a sampling
site during a tracer study, but following periods of excessive

rainfall abnormally high fluorescence may occur.

21
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TRACER STUDIES IN THE OCALA AREA
The upper part of the Floridan aquifer in the Ocala area
consists of cavernous limestone, Flow paths through cavernous

Florida and elsewhere have been ﬁade.with limited degrees of
success,

In the French experiments of 1887, ground-water. movement
wag traced at rates ranging from 0.34 foot per.minute to 5§‘feet
pe; minute through distances up to 8 miles. Generally the héads

between the injection and detection points were more than 100 feet,

.

(Dole, 1906, p. 74—82).

Similar expe:iﬁents were made iﬁ;Greeée in 1963, where tracers
were used to determine interconnections between sinkholes ané springs.
Fluorescein was introduced in a sink at An elevation of 2,000 feet
to trace the water movement for 18 miles to some coastal Springg.
-‘The fluorescein was not detected at the springs but through the use
of tritium the ground water was found to move from the sink to the
springs in eight days (Burden, 1963, p. 314).

In New Mexico; water was traced from a sinkhple to a spring
with fluorescein, The tracer traveled the three-fourths of a mile
in 5 days under a head of 425 feet (Héllander, 1954, p. 15),

Fluorescein Qas used to trace the movement of water in the
Floridan squifer in the Tampa area from a sink to Sulphur Springs,
& distance of about four miles (Menke and,bthers, 1961, p. 73). No

calculation of the time of travel was made..

22




* 4

In 1965-66, fluorescein was.uééd to trace the movement of
ground Qater in the Ocala ares, The dye was introd;ced at Ocala
Caverns and detected at Wolf Sink, (1.3 miles) to the north
(fig. 1). A plot of fluoresceln concentration versus time at
Wolf Sink is shown on figure 3. Two &ays after injecﬁion in
Ocala.Cavérns the dye hgé not reached Wolf Sink as shown by the
first point on tﬁe curve. Nine days after injection.the fluorescein
concentration in Wolf Sink was 20 ppb. By the 23rd day all the
fluoresceip has passed through the sink -and the fluo%escence had
returned to the_béckgréund level. The solid line represents
actual data which gives the recession curve of the fluorescein
from Wolf Sink. The dashed line represents interpolation of the
_curv; bgtween the measured cohcentratiqn of the 2nd day and that
of the 9th day, If the interpolated curve représents the actual
condition, the peak conééntration of fluorescein would have reached
the sink from the Caverns in 6.days. The estimated veloc1ty calculated
from the intcrpolated curve is 0,8 foot per minute, However, lacking
observatlong, the shorxtest, time in which the dye could have reached
the sink was essentially 3 days, or the day following the observation
of no dye, which would give & maximum velocity of 1.6 feet per minute,

Further, the longest time it could have taken the dye to reach the

sink vas 9 days which would give a minimum velocity of 0.5 foot per

minute,

o~
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Figure 3, C?ncentration-time curre of Wolf Sink with injection of 20 pounds of
fiuorescein in-Q:ala Caverns, December 8, 19es, :
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In another test, fluorescein was introduced into WQlf Sink
and the recession curve of fluorescein concentration is shown
on figure 4, From the recession curve the rate of flow through
the sink can be calculated from either an empirical or theoretical
relation, It has been found from tracer studies that rate of
«flow is related to the area under a concentration-time curve and
- the quantity of dye in the following way:
M Q= rate of flow
Q- — M= quantity of dye imjected
zx A= area-under curve
A determination of O by computing the area under the curve in
figure 4 gives a rgfe of flow through the sink of 19 cubic feet
per minute, The rate of flow is also given theoretically by the
recession of dye from the sink which follows the exponetial function:
= concentration of dye at any
time t 4
initial concentration of dye
base of natural logarithms
a constant equal to the ratio
of the rate of flow to the

volume of the sink
1 = time in minutes

Cy = Coe™ ! C,
| .
c
K

L I TR
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Figure 4, Concentration recession curve of Wolf Sink with injection

of fluorescein in Wolf Sink, January 29, 1966,
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| Determination of k givés a rate of flow through the sink of 5.
cubic feet per minute, Averaging the results froﬁ‘the kwo
calculations gives 12 cpbic feet per minute.as the estimated
raté df flow through Wolf Sink.. The éisch#rge of Silver Springs
is 5,000 times greater than the above rate of flow, therefore,

. the dilution factof at Silver Springs of a dye injected at Wolf

. Sing.would be 5,000 fold. 1Injection of 30 pounds (150,000 ppb)
of fluorescein in Wolf Sink would cause a conéentration at
Silvér Springs.cf 30 ppb from the dilution factor alone, The

actual concentration would be much less as a result of dispersion

of the dyé.

L
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_TRITIUM

Natural or injected tritium can be used in tracer studies.
Natural tritium originates‘in thé-atmosPhere and is introduced
into the ground-water system through the infiltration of rain-
fall, Wiéh éertain events such as hydfogen bomb testing, tﬁe
tritigm content of_the rain 1is iﬁcreased and as it infiltratgs
the ground a high tritium‘front is developed in the ground water,
Theﬁdistance the high tritium front has moved since the time of
infiltration is a measure of the ground-water velocity. When
tracing with injected tritium, the tritium s put into the
aquifer and various sites are sampled for the detection of the

-

tritium. The content of the injected tritium must be well above

the concentration of the natural tritigﬁ 50 as to determine when

the injected tritium has arrived.

The natural tritium content of ground water was used to
eétimate velocities in Caiifornia in a regional étudy covering
700 square miles (Maskell and others, 1966, p. 3849). TFrom the
study, the movement of ground water through clastic sediments was
‘estimated at 22 feet per day. |

In Greece the fnte and path of ground water movement was
determined through the use of injccted.tritium after a test with
fluoresceiq was unsuccessful.. In areas where dilution is a large
factor; tritium caﬁ be used successfully whereas other tracers can

not due to the ability to detect tritium at such low concentrations,

™

for example, 1,000 times lower than fluorescein,
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Iﬁ the QOcala areg, infected tritium would appeér to Se the
best for tracing ground weter movement ﬁo Silver Springs based
on the ;ilution factor. If movement is to be traced through any
distance, the dilution of most other tracers make them difficult
to detect. But there-are disadvantages to using tritium as a

‘tracer.‘ Before injecting tritium into the ground. water, a permit

"allowing such use must be received from the Atomic Energy Commission.

Also, the intention of injecting a tracer into the water supply
must be publicized in the local area. Another disadvantage with a
study using injected tritium is in the increased effort and cost to

conduct it, The samples must be shipped to Washington D, €, for

-
=

enalyses so that before data from the first samples are received 3

the study site, the experiment would have been underway for some time.

This situation allows no adjustments to the sampling procedures such
as frequency of sampling and length of sampling period, in & tracer
study, when the results are unavailable during fhe experiment, the
cost of conducting the experimeﬁt is much higher,

Sampleé of groﬁnd water have been collected in the Ocala area
for natural tritium analyses to determine the natural tritium level
and 85 a tool in interpretingrthe ground-water movement Also, in

Ocala, samples of rain water are periodically analyzed for tritium

content, which hes ranged from 52 to 1,400 T.U. (tritium units) since

1962
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SUMMARY AND CONCLUSIONS
Fiuorescein is a good ground~water tracer in ;avernous

limestone, 1In .the Ocalg area, the background fluorescence in'
equivalent concentrations of fluorescein is small, being 6 1
PPb in wells, 0.2 PPb in Ocala Caverns and Silver Springs, and
0,3 ppb in Silver Springs, and 0,3 PrPb in Silver Rum and Wolf
Sink Fluorescein can bé detected as low as 0.01 ppb but be-
cause the background fluorescence at each site varied by about
0.2 ppb, a concentration higher than the amount of variation.
must be available fo detect the presence of the tracer. Rain-
‘fall in excessive amounts increases the background fluorescence
in Silver Run. For a successful tracer. experlment fluorescein
sheuld have a concentration ahave 2 ppb at the detection site.
to overshadow the background fluofescence.

From previous fluorescein tracer studies in the Ocala area,
the average velocity of ground-vater flow between Ocala Caverns
and Wolf.Sink was estimated at 0.8 foot per minute at a gradient
of about‘one foot per mile. The rate of flow through Wolf Slnk
was estimated at 12 cublc feet per minute,

Trltium would appear to bé & better tracéﬁ fo; tracing ground-
water movement to Silver Springs as it can be detected at very low
concentrations compared to other tracers, but because of fts radio-

active nature a tritium experiment is more costly and requires more

effort to conduct,
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best, only estimates,

Tr;cers are more valuable as a hydrologic toolvwhen used
to obtain time-of-travel data between two specific points. When -
a tracer study is used to determine hydraulic barameters of
direction and rété of flow in the aquifer the results are, at
. The flow line between the injection site
ané &etection site may or may not reﬁresent the averdge conditions
in the aquifer, Frém an #real sense the direction of flow of
groﬁnd water can be shown better by means of a piezometric ﬁap
then a tracer study. In a cavernous limestone the exact path
of the water particles cannot be known from tracers. What is
knowp'from a successful tracer study is that water has moved
from one poin ancther and a value of the averags velocity
between the two pointsAdeterﬁined.

In the Ocala area, fluorescein could be and has been used to
trace the movement of ground wéter. From an injebtion:of 30 pounds

it was sﬁccessfully traced for 1,3 miles. To trace water with

fluorescein over a distance of ten miles and to detect it at Silver

Springs would requifé mény times the‘concentration used in the
previous experiments.,

?ritium would have & greater chance of success than fluorescein
for'tracing water to Silver Springs, butlthe exact path of the water
would not be known and the rate of flow could only be inferred as
representative of the arca.» An injected tritium experiment would
probably not increase the knowledge of the direction of flow as
iﬁferred from the plezometric map or of the rate of flow as estimated

from the previous fluorescein experiment,
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APPENDIX

" Table 3,--Background fluorescence of surface and ground waters at
miscellaneous sites in the QOcala area,.

Fluorescence in ppb'of fluorescein or

&/ contains fluorescein dye,

Date
equivalent concentrations of fluorescein
11-29-65 0.0 Silver Springs
12- 8-65 0 Well, Ocala Municipal
12~ 9-65 . , .2 Silver Springs
12~ 9-65 .2 Well, Ocala Municipal
- 12-10-65 .5 Silver Springs
12-10-65 .1 Well, Ocala Municipal
12-10-65 1 Wolf Sink s
12-11-65 . .1 ‘Silver Springs
12-16-65 .1 Silver Run
12-17-65 S ¥ Ocala Caverns
12-17-65 a20 Wolf Sink
12-20-65 . 810 Wolf Sink
12-.21-65 0 Silver Run
" 12-23-65 8.5 Wolf Sink
12-23-65 . 0 . Silver Springs
12-23-65 .2 Silver Run
12-27-65 .1 Silver Springs
12-31-65 8.8 Wolf Sink
12-31-65 0 Silver Spriugs
12-31-65 0 Silver Run
12.31-65 0 Well, T16S, R22E, Sec
12-31-65 : 0 Well, T15S, R22E, Sec
12-31-65 0 Well, T16S, R22ZE, Sec
" 12-31-65 0 Wwell, T18S, R22E, Sec
1 ~14-66 L2 Wolf Sink
1 ~14-66 .1 Well, T155, R22E, Sec
1 -14-66 .1 Well, T155, R22E, Sec
1 -14-66 W1 " Well, T15S8, R22E, Scc
1 ~14-66 0 Silver Springs
1 -14-66 .1 Silver Run
1466 .1 Well, TL58, R22E, Secc
~14-66 .1 Well, T16S, R23E, Sec
-31-66 8134 Wolf Sink -
- 1-66 S ¢ Well, T165, RZZE, Sec
- 1.66 0 Well, T16S, R22E, Secc
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Location

Alrport

Airport

Airport

2 (Paul Shively)
35 (A. C. Lisk)
2 (John Swoap)
14 (Lorene King)

35 (A, C, Lisk)
35 (Gillet's Store)
36 (Piney Woods Trailer Park)

34 (Scroggin)
6 (Jack Pruitt)

14 (Lorene King)
10 (Dean's Bar B Q)
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Table 3.-

-Background fluorescence of surface and ground waters at
miscellaneous sites in the Ocala arca--Continued

Fluorescence in ppt of fluorescein or

Location

equivalent concentrations of fluorescein

o
£
L] -
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DO O0

cooom

ot S o B

Limestone Pit, T17S, R22E, Sec 2
Well, T16S, R22E, Sec 14 (Pine Knoll Motel)
well, T16S, R22E, Sec 10 (Lowder's Trailer Park)

Heil's Springs, TLéS,

R22E, Sec 13

Pond, T16S, R22E, Sec 27

Pond, T16S, R22E, Sec 29
pond, T16S, R22E, Sec 18
Stream, T16S, R22E, Sec 34

. pond, T175, R23E, Sec 1

pond, T16S, R22E, Sec 17

pond, T16S, R22E, Sec 20
Spring, T11S, R22E, Sec 9
pond, TL6S, R22E, Sec 18
Sink, T16S, R22E, Sec 17
Pond, T17S5, RZZE, Sec 6

spring, T16S, R22E, Sec 33 (Maverick Farm)

Wolf Sink

Well, T165,
Well, T16S,
T16S,

Well,

Well, T15S,
7165,
Well, T16S,
T16S,
well, T16S,

Well,

VWell,

R22E,
R22E,
R22E,

R22E,
R22E,
R22E,
R22E,
R22E,

Sec 2 (Paul Shively)
Sec 2 (John Swoop)
Sec 14 (Lorene King)

Sec 34 (Scroggin)

Sec 10 (Dean's Bar B Q)
Sec 10_(Lowdcr's Trailer Park)
Sec 9 (Cyrus) ’ ST
Sec & {C. Longs)

Well, T16S, R22E, Sec 16 (Willis)
Well, T16S, R22E, Sec 9 (Anne Griffen)

Wolf Sink
Holf Sink

Well, T168,
Well, T16S,
Well, T16S,
‘Well, T16S,

Well, T16S,

34

R22E,

R22E,
R22E,
R22E,
R22E,

- Limestone Pit, T16S, R22E, Sec 9

Sec 9 (Cyrus)

Sec 4 {C. Longs)

Sec 4 (Murphy's Spux Station)
Sec 3 (Jimmy's Grocery)

Sec 16 (Willis)
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‘Well,

vell, T165, R22E,
Silver Springs
Well, T1558, R22E,
Wolf Sink

Table 3.--Background fluorescence of surface and ground waters at
.miscellaneous sites in the Ocala area--Continued

Location

Sec 10 (Dean's Bar B Q)

Sec 35 (Gillet's Store)

Well, T165, R22E, Sec 10 (Dean's Bar B Q)

Silver Springs
Silver Run

_ Well, TL6S, R22E, Sec 14 (Pine Knoll Motel)

Well, T165, R22E, Sec & (Murphy's Spur Station)

Well, 290400N0820910 I (CE

Well, 285900N0820720.1 (CE
Well, 290810N0820250.1 (CE
8ilver Springs
Well, 291130N0820150.1 (CE
Silver Springs

Silver Run

Well, 290820N0820320.1 (CE
Well, 291310N0820450.1 (CE
Well, 291600180815500.1 (CE
Well, 291110NH0820600.1 (CE

Silver Springs

- Well, 291810K0815700.1 (CE

Well, 291740NM0815620,1 (CE
Silver Springs
Well, 291920N0814800.1 (CE

Silver Run
Limestone Pit, T14S, R22E,

291030N0820030 1 {CE
291130N0820150.1 (CE
- 290830N0815840,1 (CE

Well,
Well,
Well,

290910N0820450,1 (CE
290700N0820150.1 (CE
290830N0815840.1 (CE
'.290740N0821000 1 (CE
750250N0820910.1 (CE
290623N0821807.1 (CE
290739N0822457.1 (CE
290421N0821908.1 (CE

Well,

Well,
Well
well-
Well,
Well,
Well,

35

33

36)
40)

47)

39)
45)
55)
44)

53)
54)

52)

Sec 31
45)
47)
61)

38)
41)
61)
32)
34)

20)

12)
21)




