GROUND-WATER HYDROLOGY OF VOLUSIA COUNTY, FLORIDA, WITH EMPHASIS

ON OCCURRENCE AND MOVEMENT OF BRACKISH WATER

By A. T. Rutledge

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 84-4206

In cooperation with

VOLUSIA COUNTY, FLORIDA

Tallahassee, Florida

1985



UNITED STATES DEPARTMENT OF THE INTERIOR
DONALD PAUL HODEL, Secretary
GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information Copies of this report can be
write to: purchased from:

District Chief Open-File Services Section
U.S. Geological Survey Western Distribution Branch
Suite 3015 U.S. Geological Survey

227 N. Bronough Street Box 25425, Federal Center
Tallahassee, Florida 32301 Denver, Colorado 80225

(Telephone (303) 236-7476)



CONTENTS
Page

ADSETACE et et ieeesaoeasoerecccsseantssccscsosnessascasnosssasnesnsscass
INtrOdUCELION. s e v eeeeocoscasssvssososssssssssasescsssscsssssasnsecnses
Background and problemsS...ceeeceecvecerecncececsccccsssacnssanns
PUurposes and SCOPEeseseceeseecsonccrsossssccccssssosassasnoscccsones
Previous WOTKe.oeeooeoesseoosooanssssassssssssonsssssssassnssnsns
Data c0llectiOneeseeeeeeeeseseesoonsennanscssssasssonsneccscoscsos
Well-numbering SyStemM.seeeeeeeoseecnoesosssassosecccnnnsnssnases
Environmental Settinge.eeeeceesesesoseassecceccseesseeessocscscscssasnss
Climat e e eeeeeeeosssessseoneosassassesnsasnosasssassssnnonannscss
GEOZT APy e oo eeteeesesscesosncocsacessosonsannssssscssnsssnsscases
GEOlOgYeeeeneeeroeeseeonoscenssosocsscosotosnssssonsassnossssnoonasse
Hydrogeology e ceeeeeeeeoesosnaesscassoctsssorsoscscssossssssssnnnne
Ground—Water USE.sssesscsecssessescesssccsossscscosaeassoscassscsnscans
Surficial aquifer...ccvececseeecnrectorececenscosnsascesaconnnsse
Floridan aquifer SySteM.ceeseeceeoreoceoenoaessosossseesocncanss
Water—-level trendsS..cceccseesessosseesscacossessasonssoassssnnsesnsson
Surficial aqUifer..cceceeceeeneeccneseenceeseacnsosscnsnssnsnsonns
Floridan aquifer SyStem..ceeeeseeeeesceeoresonececenssocnssonans
Water budget.seeeeeeeresesuossesseccessessecnssassscssesssnossnannsnsns
Surficial 1ayer.seeeesececoseceecsaesosscsoccsoscsnsssscccnosaoes
Rainfall and evapotranspiratiONeisccesceccesecsocoeesecsocns
StreamfloW. ceeeeeesoseonencsscesesesssosenencscconsocsasssnns
Vertical 1eaKkage..oeoeeeoscessssosensssnnssocasssasssssnnnnss
Water budget of the surficial layer...cececesseeceencccnans
Floridan aquifer SyStem..ceeeeeceececenacecsessccnssosncosscanes
Specific capacitiesS.cevececeeecnsesosennccconseseonnsonasncnes

Testing estimates of flow in the Floridan aquifer system
against recharge eStimateS...ceosscevssscssscecasssncnses
Water budget of the Floridan aquifer systemi.cceecececeensn
Concepts of brackish water occurrence and movement...cceeeeeescscoeses
Baseline s8alinityeeeeeeeeeneeroeeesocneooscensectonsecnncsonnnns
Chloride concentration change ratiO...cececoceereeecscnoncscnnes
Physical nature of freshwater-saltwater interface€..ceeececeecses
Brackish water in the surficial aquifersecseeecececccecsssconnenconse
Present distribution....c.iceiireecececeecicrvecscesccocacasaccans
Comparison of past and pPresent.cccsecssceccecscssasssonasscsoncs
Brackish water in the Floridan aquifer system.....cceeeeccccascoscass
Present distributioN..eeeeeceecrascesssosssssccnssescsccnsansens
Comparison of past and present..cceccesscscesecocssnssssasssceocss
Nonpublic—supply wellsS.eeeeeeeeeseennececeosrsscncannansnss
Public—supply WellSiceeereoronsascececanssssnsnccconcsnanss
Effects of management alternatives on movement of brackish water.....
Surficial aqUifericieeceeececseceeceesceeensscsossesssoncsscoscnnns
Floridan aquifer SysStemM..ceeeececesscecsnceeconsnessnscscccncsnns

[
OV OINANANP VOOV UNWULELENN -

WWLWLWLWWWLWN
QOO

S
(=]

(2N W~ W NV NNV NN RN, BN Nk
\I\J\IOO\O\HI—‘D—‘F—'D—‘\DO\gO\mN

iii



CONTENTS~-Continued

Page
Sumary'.....'......OO..'.'..'O.I.'..'Il.....0.0.........0......’.0.' 74
Selected referencCesS. ceveeecscessssossccsossssosossssosnssssssssssssssss 76
Supplemental data--chloride concentrations in

publiC"Supply wells..............-..............................-.. 78
ILLUSTRATIONS
Page
Figure 1, Map showing location of Volusia County and ridge areas
and major physiographic features in Volusia County..... 3
2. Hydrograph showing average yearly rainfall during 5-year
intervals at three rain gages, 1951-80........000000000 8
3. Map showing topography in Volusia Countye......eseeoeeesse 10
4, Geologic SeCtiONS..vveeesseosscossssssassssssassssssnnnns 11
5. Map showing areas of artesian flow from the Floridan
aquifer system in Volusia County, September 1982....... 13

6. Map showing altitude of top of Floridan aquifer system... 15
7. Map showing distribution of surficial-aquifer wells

that are used for irrigation PUIPOSES..ceesocrososcsoes 17
8. Map showing distribution of surficial-aquifer wells
that are used for domestiC PUTPOSESB.:eessssosennvacsoss 18
9. Map showing locations of public-supply wells
and available water—use rates, 1955..cccveievsesccnnons 20
10. Map showing locations of public-supply wells
and water-use rates, 1980...c0vcevveevnsvensrnsevansons 21

11. Map showing distribution of Floridan aquifer system

wells that are used for irrigation and which are

greater than 4 inches in diameter.....cececvvevvevocoses 22
12. Map showing distribution of Floridan aquifer system

wells that are used for irrigation and which are

4 inches or less in diameter.c.eeeeeeceesecccsoccossons 23
13. Map showing distribution of Floridan aquifer system

wells that are used for domestiC PUTPOSESe.ecsesccncoces 24
14, Map showing locations of the major artificial

drainage systems in Volusia Countyeeeesooescecovesseeas 25

15. Hydrograph showing daily maximum water levels
in surficial-aquifer wells 910-110-13 and
913-116-01, January 1978-December 1983......c000veuennen 26

iv



Figure 16.

17.

18.

19.
20.
21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

ILLUSTRATIONS--Continued
Page

Hydrograph showing monthly rainfall for the 18-month

periods up to and including months of three mass

water-level measurements on Floridan aquifer

system WellS.ceeseeeeeseseoeecosotoonocceceossssosesaossaes 28
Map showing potentiometric surface of the upper part

of the Floridan aquifer sytem, November 1955...¢¢c¢e0... 29
Map showing potentiometric surface of the upper part of

the Floridan aquifer system, September 1982, and area

in which the potentiometric surface declined more

than 10 feet from November 1955 to September 1982...... 30
Map showing potentiometric surface of the upper part

of the Floridan aquifer system, May 198l.......cc000... 31
Hydrographs showing water-level records of five

Floridan aquifer system wells, 1955-83..cccceecccccccss 32
Hydrographs showing daily water levels in four Floridan

aquifer system wells, January 1981-December 1983....... 33
Map showing surface-drainage features, stream-gaging

stations, and rain gaBeS.cecessosrsststsscscsccccsoccnns 35
Map showing ratios of specific capacity to length of

open hole for Floridan aquifer system wells of 6-inch

and larger diameterS.escecesecesssscsscsesscsssossscccnss 41
Map showing potentiometric surface of the upper part of

the Floridan aquifer system, September 1982, and four

drainage areas for which flow analyses are given....... 43
Hydrographs showing periodic records of chloride

concentration in water from Floridan aquifer system

wells that have not been used for public supply,

January 1978-June 1979..cccececrccecccescenccnrscnsnces 47
Hydrographs showing periodic records of chloride concen-

tration in water from Floridan aquifer system wells

that have not been used for public supply, 1953-83..... 48
Conceptual cross sections showing the occurrence of

brackish ground water and the movement of brackish

water caused DYy pUMPINg.ceeeeeeccessscccecsccnrccnoones 50
Map showing the chloride concentration in the surficial

aquifer and chloride concentration change ratios

for water from wells that tap the surficial aquifer..... 52
Diagram showing average ionic composition of water

from eight surficial-aquifer wells in central

Volusia COUNtY.seessoessesasossensssssassscsassssoosaas D3
Map showing chloride concentration in water from

wells that tap the upper part of the Floridan

aquifer SystemM..eceeceeeesoeeoscrsessosescoscscnsnsness Ok
Map showing estimated maximum thickness of zone in the

Floridan aquifer system in which the water is fresh

or slightly brackish.ceseeeeessesseescesscescessceaneaas 95



Figure 32.

Table

33.

34.

35.

36.

37.

38.
39.

40.

41,

42.

ILLUSTRATIONS~-Continued
Page

Diagram showing average ionic compositions of water in

three parts of the Floridan aquifer system....eiceeeese 57
Map showing locations of 21 Floridan aquifer system

wells for which analyses of ion concentrations in

Water 8re ZiVeNeessossesossosaesaaseansossssssscnsansss 58
Map showing chloride-concentration change ratios for

wells open to the Floridan aquifer system that have

not been used for public supply.cceeecceccececcsannnaans 59
Map showing chloride-concentration change ratios based

on old data versus data from March-April 1982 for

Public—8supply WellS.veeeieereeceoosseracsesassosansesss Ok
Map showing chloride-concentration change ratios based

on old data versus data from August 1982 for

public—supply WellS.ceeeeeeseoessossersooncssscasoassses 65
Map showing chloride-concentration change ratios

based on old data versus data from December 1982

for public—supply WellS..eeeeeveeoreacsscsncsosnsaneses 06
Hydrographs showing chloride concentration of water from

three Daytona Beach public~supply wells, 1974-83....... 68
Hydrographs showing chloride concentration of water

from four Holly Hill public-supply wells, 1979-83...... 69
Map showing public-supply wells in use during 1954-57

and chloride concentrations of water from public-

supply wells in northeast Volusia County..eceeeeeseeses 70
Map showing public-supply wells in use during 1982

and chloride concentrations of water from

public-supply wells in northeast Volusia County........ 71
Conceptual cross section showing movement of freshwater-

saltwater interface under pumping wellsS...ccecovcoeases 73

TABLES
Page

Data on wells referenced in this report which have

been inventoried.cccscesscescccceocssncasoseccsssssnsssess 7
Estimated ground-water use in Volusia County..cececeeeess. 14
Measured and estimated average streamflow for six

gaging StatiONSeseeceeeccscesssessocrssosesssvssscanseas 37
Estimated water budget of the surficial layer for

each topography—hydrology type:eceeecsssescscsnsccscnsanss 39
Estimated water budget of the Floridan aquifer system in

Volusia CoOUNtY.eecesesscesssessasescnssasscasnscnssansss &5
Chloride concentrations in water from wells in the

monitoring network suggested in the northwest

Volusia COUNLY FePOTteceeeseesscacssncosnssssssssensncns 61

vi



CONVERSION FACTORS

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

are listed below:
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mile (mi)
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square foot (ft
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gallon per minute
(gal/min)

million gallons per day
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(£t</d)

By
Length

25.4
0.3048
1.609

Area

0.0929
2.590

Flow

0.003785
0.0438
25.4

0.02832

Transmissivity
0.0929

vii

To obtain

millimeter (mm)
meter (m)
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cubig meter per minute
(m” /min)

cubiﬁ meter per second
(m”/s)

millimeter per year
(mm/yr)

cubig meter per second

(m”/s)

meter squared per day

(m“/d)



GROUND-WATER HYDROLOGY OF VOLUSIA COUNTY, FLORIDA, WITH EMPHASIS
ON OCCURRENCE AND MOVEMENT OF BRACKISH WATER

By A. T. Rutledge

ABSTRACT

Volusia County is a 1,200-square-mile area in east-central Florida which
includes the communities of Daytona Beach, Ormond Beach, New Smyrna Beach,
De Land, and Deltona. The area is oriented toward tourism, especially along
the coast.

The two aquifers underlying the area are the unconfined surficial aquifer
and the confined Floridan aquifer system. The surficial aquifer consists of
sand, clay, and shell beds of Pleistocene and Holocene age, and the Floridan
aquifer system consists of limestone and dolomite of Eocene age. The two
aquifers are separated by confining clay beds of Miocene or Pliocene age. Both
aquifers contain good quality water in most of Volusia County, but brackish
water 1s present in the eastern and western fringes of the county in the
surficial aquifer and in the upper zones of the Floridan aquifer system
presently tapped by wells. Saltwater is present throughout the county in the
relatively untapped lower zones of the Floridan aquifer system. Development in
the fringes has caused movement of the brackish water. There is a need for an
understanding of this movement so that future problems can be avoided.

Average ground-water withdrawal in 1980 in Volusia County was 66 million
gallons per day, of which 30 was for public supply, 24 was for agricultural
irrigation, and 12 was for other uses. Ground-water use quadrupled between
1955 and 1980. More than 95 percent of the ground water pumped is from the
Floridan aquifer system.

Water levels in Floridan aquifer system wells declined more than 10 feet
over an area of 70 square miles from 1955 to 1982. This drawdown, which
occurred in the area of Ormond Beach, Daytona Beach, and Port Orange, was
caused by pumping.

The annual water budget of the surficial layer consists of 53 inches
rainfall, 1 inch upward leakage from the Floridan aquifer system, 0.5 inch
recharge from Floridan aquifer system withdrawals, and 0.5 inch stream inflow,
counterbalanced with 39 inches evapotranspiration, 11 inches stream outflow,
and 5 inches downward leakage to the Floridan aquifer system.



The annual water budget of the Floridan aquifer system consists of 5
inches downward leakage inflow, 1 inch upward leakage outflow, 1 inch horizon-
tal inflow, 1.5 inches horizontal outflow, 2.5 inches discharge from springs
and flowing wells, and 1 inch pumpage.

Brackish water movement, or intrusion, apparently is occurring in the
surficial aquifer on the barrier island in the northeast part of the study
area. Intrusion is probably occurring in other sections of the barrier island,
but there is no evidence that it is occurring in inland areas. Future
intrusion is likely in the surficial aquifer on the barrier island as ground-
water withdrawals increase.

There is little evidence that intrusion is occurring uniformly over large
areas in the Floridan aquifer system. ‘Most nonpublic supply wells have not
exhibited long-term changes in salinity, although significant increases in
chloride concentration in water from five nonpublic supply wells in the coastal
area of Ormond Beach and Daytona Beach may be associated with ground-water
withdrawals in northeast Volusia County. Vertical intrusion is occurring at
sites of public supply pumping because these wells are usually deeper, are
pumped a greater amount of the time, and are pumped at higher rates. Many of
these wells in the eastern and western fringes of Volusia County have been
abandoned and replaced by new wells closer to the central part of the county.

Water-management practices that may minimize future movement of brackish
water in the Floridan aquifer system include minimizing well depths, minimizing
drawdown, installing wells where the freshwater zone is thickest, increasing
head in the freshwater zone by using injection wells, and reducing head in the
saltwater zone. Drawdown can be reduced by increasing the number of supply
wells per desired water-use rate. Minimizing well depth may be the single most
effective step against intrusion.

INTRODUCTION

Background and Problems

Volusia County, in east-central Florida, is oriented toward tourism,
especially along the coast. The 1,200-square-mile county is 15 miles north of
Orlando and includes the coastal communities of Daytona Beach, Ormond Beach,
and New Smyrna Beach in addition to the inland communities of De Land and
Deltona (fig. 1). Rapid population growth has greatly increased demand on
public-water supplies. The two aquifers that supply most of the water are the
Floridan aquifer system, a limestone aquifer under artesian conditions in
Volusia County, and the surficial aquifer, an unconfined sand aquifer.
Although both contain good quality water in most of Volusia County, brackish
water is present in the eastern and western fringes of the county in the
surficial aquifer and in upper zones of the Floridan aquifer system presently
tapped by wells. Saltwater is present throughout the county in lower zones of
the Floridan aquifer system not presently tapped. Many of the fringe areas,
especially to the east, are populated and are characterized by heavy pumping
of ground water and the accompanying drawdown of water levels.









Floridan are not possible because of the scarcity of data. For the purposes of
areal calculations, the study area does not include the areas of Lake George,
Lake Monroe, and Lake Harney.

Previous Work

The general ground-water hydrology of Volusia County was described by
Wyrick (1960, 1961). His investigation is most valuable to this report because
it provides the historical water-level and water-quality data base which is
needed to determine long-term changes caused by development. Knochenmus and
Beard (1971) assessed the quality and quantity of the surface-water and ground-
water resources of Volusia County; the section on ground water in that report
provides additional water-quality data for many wells that had been previously
sampled by Wyrick. A map report by Knochenmus (1968) discussed drainage feas-
1bility throughout the county. Bush (1978) presented a ground-water flow model
of Volusia County. Simonds and others (1980) demonstrated relations between
water-level trends in the surficial aquifer and vegetative classifications in
central Volusia County. Rutledge (1982) evaluated the effects of irrigation
withdrawals on the Floridan aquifer system in northwest Volusia County.

Water-resources data collected in the county include several daily or
periodic records of stream discharge, stream stage, and water levels in wells.
Many of these records span more than 20 years. Long-term records of water-
quality and discharge have been maintained for two springs in Volusia County
and long-term records of stage have been maintained for two lakes. All of
these records exceed 15 years in length.

Data Collection

Data collection for this study included water-level measurements in wells,
water sampling from wells, and operation of water-level recorders to monitor
variation of water level with time. Specific-capacity tests were made to
provide a better understanding of the hydrologic properties of the Floridan
aquifer system,

Much of the data collection effort involved the inventory update of many
wells that were inventoried by Wyrick (1960, 1961). Additional wells were
inventoried where needed. All major public-supply (municipal) wells were
inventoried.

Well-Numbering System

Wells inventoried by the U.S. Geological Survey are referenced by local
well numbers based on latitude and lomngitude coordinates derived from a grid of
l-minute parallels of latitude and longitude. Numbers 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 of the line of longitude on the east side of the quad-
rangle, and the two-digit sequence number assigned in the order im which the
well within rhe 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 &1°16°%.

Table 1 gives information about the wells referenced by local well number
in this report. Additional data for a well may be retrieved from the computer
files of the U.S. Geological Survey. This data is retrieved by the 15-digit
station numbers shown in the table. As of the date of this publication, more

than 1,000 wells have been inventoried by the U.S. Geological Survey in Volusia
County.

ENVIRONMENTAL SETTING
Climate

The climate in Volusia County is subtropical; the average temperature is
71°F and the average rainfall is 53 inches per year. The coldest months are
December, January, and February, when temperatures average around 60°F; the
warmest are June, July, and August which average around 80°F. More than half
of the yearly rainfall occurs during the humid summer months of June-September.

Long—term yearly rainfall records are shown in figure 2. Rainfall has
been slightly higher than average at the De Land site in recent years, and
slightly below average at the Crescent City site. Long-term rainfall is
noticeably lower near the coast than it is inland.

Geography

From a broad perspective, the topography in Volusia County is of two
types: Karst topography and leveled terraces. Karst topography is the name
applied to the undulating, pitted land surface that occurs where sinkholes are
numerous and drainage is primarily downward. This type of topography is common
in the areas in Volusia County where land surface is highest~~the Crescent
City Ridge and the De Land Ridge (fig. 1). The remaining areas are
characterized as leveled terraces. Surface drainage is more typical of these
leveled terraces.

Terrace formation during the Pleistocene played an important part in
shaping the land surface in Volusia County (Cooke, 1945; Wyrick, 1960).
Terraces are expanses of land of relatively uniform altitude which were the sea
floor when the sea level stood higher than present sea level. Terrace forma-
tion accounts for the flatness of much of Volusia County. The Crescent City
Ridge and the De Land Ridge are remnants of the Penholoway Terrace, which has
been eroded largely by sinkhole activity. The other three terraces in Volusia
County (fig. 1) are relatively unchanged and are therefore relatively level.



Table l.--Data on wells referenced in this report

which have been inventoried

ALTITUDE
QFf LAND
SURFACE CEPTH
DaTuw oF
STATION AQUIFER (FTY ABOVE wWELL
NO. LCCAL NO. ANC WELL NAME PENETRATEC 1/ NGVOD) (FT)
284736080515101 847051C¢ CCUNTY LINE WELL NR MAYTOWN,FL FLRD 6.00 20C
2846821081C75501 84810701 LEMON BLF FSH CMP WELL,S.CF CSTEEN,FL FLRD 10.0C 138
284857081081201 86428108C1 LEMON BLUFF WATER ASSCC., S. OF OSTEEN FLRD - 202
285105080515801 851051C1 PLTNAM GRCVES WELL, Sw OF OAK KILL FLRO 6.00 C
285341080522401 853053C2 BROWM & CCPSLAND WELL, NR ARIEL FLRO 8.0C 225
2854C3C30514390 256405103 INDIAN HARB, ESTATES,S OF EDGEWATER FLRO 10.0C 15C
2855120812C€2801 855120C1 USGS WELL 1.9MI S.OF BLUE SPG NR CR.CTY FLRD 9.52 200
285636081175501 856117C2 ORANLCITY P.S. WELL #3, ORANGE CITY FLRC 23.00 257
285745081054001 8571C0SC1 USGS OBSER WELL AT ALAMANA, FL. FLRC 35.9C 121
285716081052901 85710502 USGS TESY WELL 12, N.CF LK, ASHBY FLRD 35.0C 241
285953080574701 85605709 N33 PS WELL NUMBEREO & IN 1980,N.SMYRNA FLRD 22.12 190
29C107G81062001 901106C2 USGS TEST WELL £ 1, W.SAYSULA FLRD 41.0C 11
29C129081072901 901107C1 USGS TEST WELL 8, W.SAMSULA FLRC 40.0C 241
29C1380812C¢3202 90112002 USGS J=2 TEST WELL,W.CF DSLAND FLRD 42,00 500
2902510810C1401 90Z1G0C1 USGS TEST WELL I,NE OF SAMSULA FLRD 26.00 700
29C324080580501 903058C1 HENCRICKS WELL TURNBULL BAY ROAC, NS3 FLRO 7.0b 104
2904470811C2301 9C4110C4 I-4 DEEP wELL, E OF DELANC FLRD 19.90 241
290541081132902 905113C4 USGS C4& DP TEST W. NR. DELANC,FL.E"CSG FLRD 38.35 639
29C6C6C8I3581901 906058C3 S. SIDE DF RCSE 84Y, ALLANDALE FLRD 5.0C 125
290651080582802 9C605814 HARSOUR OAKS SUP.WZLL,ALLANDALE FLROD 3.72 159
290646581212701 90612101 16S29E W.WAROS WELL.W DELEON SPRINGS FLRD 57.0C 32¢
29£612081214101 90612107 HAGSTROM OSL wELL, N. GLENWOOL FLRC 46.00 -
290704081155301 907115C2 16S30E11 HAGSTROMS 10”MARSH RD WELL FLRD 54,00 600
290804081215601 90712101 12" FLOW W OF DELEON 3PRINGS FLRO 5.00 210
290752081220901 9071212 8"FLOW WELL w.OF DELEON SPRINGS FLRO 5.0C 96
290816080574101 90805701 DCN MEMBRY WELL IN WILBUR~BY-THE-SEA FLROD 12.0C 130
290920081063001 909106C1 USGS OBSER NR DAYTONA B3EACH, FL. FLRC 27.04 23S
29C959C81231601 906123C1 ODAIRY FLOW WELL #1,SW CF BARBERVILLE €LRC 12.0C 241
291025081050201 91C1C5C1 USGS DBSER NR I-95 AT CAYTICNA 3CH., FL FLRD 26.05 498
2$1032081065201 91C1C6C1 DAYTONA P.S. WELL #49, SW OF DAYTCNA FLRD 28.00C 210
291004G811G1401 91C110C1 TIGER BAY TESTY WELL 14, W OF DAYTONA FLRD 41.00 220
291C07081101613 91C11013 TIGER BAY TEST WELL 350 SN N2 DAYTONA SURF 41.17 20
291026C811758C1 91C117C1 HENDRIX WELL CN SR11, E OF BARBERVILLE FLRO 43.93 180
2911C7080591601 911059C2 BLUE WATERS MCTEL WELL, DAYTCNA BCH SKR FLRD 25.00C 132
21133031035801 911103C2 DAYTONA P,S. WELL #37, DAYTONA FLRD 28.0C 208
291133C81040601 9111C4C4 G.E. PLANY 6-INCH w. AT DAYYON BEACH, F FLRO 27.55 235
291124081043401 9111C410 DAYTONA P.Se. WELL ¥41, DAYTONA FLRD 28,0C 290
291105081052301 91110504 DAYTONA P.S. WELL ¥46, DAYTONA FLRC 33.0C 210
291155081022901 9121C237 DAYTONA P.S. WELL #32, TUSC., CAYTONA FLRD -- 160
29135308116C401 $13116C1 UNION CAMP SHALLOW WELL NR SARSERVILLE SURF 346,13 20
2914290810Q024702 91410213 HCLLY HILL P.S. WELL #74, HOLLY HILL FLRD 9.20 200
291425081024501 91410214 HCLLY HILL P.S. WELL #8, HCLLY HILL FLRO 9.00 215
291436081C24701 91410296 HCLLY HILL P,S. WELL #$, HOLLY HILL FLRO 8.02 216
2916435081025501 9141C218 MCLLY WILL P.S. WELL #1711, HOLLY HILL FLRD 8.0C --
291646081034501 9161C306 ORMOND P.S. WELL #6, CRMONC BEACH FLRD 8.00 200
291715081281801 917128C1 J.C. MEW WELL AT SEVILLE, FL. FLRD 14.90 180
291835081324201 91813201 USED 426 PINT ISLAND, W.OF SEVILLE FLRD 436 155
251904081055501 91610504 TCMOKA ESTATES 2" WELL NW OF ORMOND FLRD 8.59 140

A/ FLRD: Floridan aquifer system,

SURF: Surficial aquifer
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Figure 2.--Average yearly rainfall during 5-year intervals at three rain gages, 1951-80 (sites

in fig. 22, data from records of National Oceanic and Atmospheric Administration).
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saltwater zones and sealed tightly from freshwater zones. These deeper wells
would be pumped continuously to reduce saltwater head and the water would be
discharged into natural saltwater bodies at the surface.

SUMMARY

Volusia County is a 1,200-square-mile area in east-central Florida which
includes the communities of Daytona Beach, Ormond Beach, New Smyrna Beach,
De Land, and Deltona. The area is oriented toward tourism, especially along
the coast. The two aquifers underlying the area are the unconfined surficial
aquifer and the confined Floridan aquifer system. The surficial aquifer con-
sists of sand, clay, and shell beds of Pleistocene and Holocene age, and the
Floridan aquifer system consists of limestone and dolomite of Eocene age. The
two aquifers are separated by confining clay beds of Miocene or Pliocene age.

Both aquifers contain good quality water in most of Volusia County, but
brackish water is present throughout the eastern and western fringes of the
county in the surficial aquifer and in the upper zones of the Floridan aquifer
system presently tapped by wells. Saltwater is present throughout the county
in the relatively untapped lower zones of the Floridan aquifer system.
Increased use of water because of development in the fringes has caused
intrusion.

In 1980, the average ground-water withdrawal in Volusia County was 66
million gallons per day. Ground-water use quadrupled between 1955 and 1980.
More than 95 percent of the ground water pumped is from the Floridan aquifer
system. All public-supply wells and most agricultural-irrigation wells are
open to this aquifer. The total withdrawals for public supply and agricultural
irrigation were 30 and 24 million gallons per day, respectively. Most of the 3
million gallons per day pumpage from the surficial aquifer is used for lawn
irrigation.

Water levels in Floridan aquifer system wells declined more than 10 feet
over an area of 70 square miles from November 1955 to September 1982. This
drawdown, which occurred in the areas of Ormond Beach, Daytona Beach, and Port
Orange, was caused by pumping. Considerably greater declines were observed for
May 1981 because of drought conditions.

The annual water budget of the surficial layer consists of 53 inches
rainfall, 1 inch upward leakage from the Floridan aquifer system, 0.5 inch
recharge from Floridan aquifer system withdrawals, and 0.5 inch stream inflow,
counterbalanced with 39 inches evapotranspiration, 11 inches stream outflow,
and 5 inches downward leakage to the Floridan aquifer system.

The annual water budget of the Floridan aquifer system consists of
5 inches downward leakage inflow, 1 inch upward leakage outflow, 1 inch hori-
zontal inflow, 1.5 inches horizontal outflow, 2.5 inches discharge from springs
and flowing wells, and 1 inch pumpage.

74



Chloride concentration, which is used as an index of salinity, may vary
at individual sites not exhibiting trends because of seasonal fluctuations.
Chloride concentrations in brackish-water wells may fluctuate in such a way
that the maximum is more than twice the minimum.

Brackish water movement, or intrusion, is apparently occurring in the
surficial aquifer on the barrier island in the northeast part of Volusia
County. It is likely that intrusion has also occurred in other sections of the
barrier island, although this is difficult to ascertain because of the scarcity
of long-term chloride concentration data from these areas. The barrier island
is generally the only part of the study area where chloride concentrations in
the surficial aquifer exceed 250 milligrams per liter. Intrusion is likely to
continue in the surficial aquifer on the barrier island. Little or no
intrusion is occurring in the surficial aquifer in inland areas.

There is little evidence that intrusion is occurring uniformly over large
areas in the Floridan aquifer system. Most nonpublic-supply wells have not
exhibited long-term changes in salinity. Of 154 nonpublic-supply wells
sampled, 10 showed a significant increase and 11 showed a significant decline
in chloride concentration over time. Significant increases in chloride concen-
tration in water from five such wells in the coastal area of Ormond Beach and
Daytona Beach may be associated with ground-water withdrawals in northeast
Volusia County.

There is upconing or vertical intrusion at sites of public-supply pumping.
Public-supply wells are usually deeper, are pumped a greater amount of the
time, and are pumped at higher rates than other wells. Intrusion manifests
itself as surges that are greatest during times of low rainfall and heavy water
use. Many public-supply wells located close to brackish water zones in the
fringes of Volusia County have been abandoned and replaced by new wells in the
central part of the county, where the freshwater zone is thickest.

Possible water-management alternatives to intrusion in the Floridan
aquifer system include minimizing well depths, minimizing drawdown, installing
wells where the freshwater zone is thickest, increasing head in the freshwater
zone using injection wells, and reducing head in the saltwater zone. Drawdown
can be reduced by increasing the number of supply wells per desired water-use
rate. Minimizing well depth is probably the single most effective step in
controlling intrusion.
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TABLE OF SUPPLEMENTAL DATA--CHLORIDE CONCENTRATIONS IN PUBLIC-SUPPLY WELLS.

DATE CF TIME CHLORIDZ
STATICN SAMPLING OF CONCENTRATICAN
NO, LCCAL NO. AND WELL NAME (YR=MO-LCAY) SAMPLING (MG/L)
291423081C11901 9141C1C1 OLD P.S. WELL, SEABREEZZ #1, CAYTONA 54-03-02 .- 146
291423081C119C2 9141C1C2 CLO P.Se WELL, SEABREELS 42, JDAYTCNA 564-03-02 .- 139
291422081012101 9141%1C2 OLC P.S. WELL, SEABREEZE #3, CAYTCNA 54-0%-02 -- 96
291423081C12201 9141C01C4 CLLC PoS. WELL, SESASREEZE #b4, DAYTICNA $4=-11-02 - 116
291421081C123C1 9141C1C5 CLC PeS. WELL, SEABREEIZ #5, OAYTCNA 54-0%-02 -- 188
291421081C12201 9141C1C6 CLD P.S. WELL, SSASREElE #6, DAYTCNA 54-03-02 - 630
291421081G12202 9164101C7 CLC P.S. WELL, SEA3REEZS #7, DAYTCNA 54=-23-02 -- 682
9141G1C7 OLD P.S. WELL, SEASREEIE #7, DAYTONA 81-05-04 1250 122
9141C1G7 OLD P.S. wWELL, SEABREEIZE ®7, JAYTONA R1=07-14 1115 129
2912040810205C1 912102C1 DAYTONA P.S. WELL ®1, ORANGE AV,DAYTONA 37-97-11 -- 1645
912102C1 OAYTONA P.S. WELL #1, CRANGS AV,DAYTONA 37-C7-1¢ - 1535
9121C2C1 DAYTCNA P.S. WELL #1, CRANGE AV,0AYTONA 37-07-24 -~ 355
9121C2C1 DAYTONA P.S. wELL ¥1, CRANGE AV,DAYTOMA 37-07-27 - 1160
91¢132C1 DAYTONA P.S. wELL #1, CRANGE AV,DAYTONA 37-07-29 - 1C85
91210201 DAYTONA P.5. wELL ®1, CRANGE AV,DAYTONA 37-08-02 -- 890
291158081C15801 91210202 DAYTONA P.S, WELL %2, MALZY, DAYTCNA 39-0C0-00 -- 100
91¢1C2G2 DAYTONA P.S. WELL %2, MALEY, DAYTONA 5C-00-00 -- 96
9121C2C2 DAYTONA P.S. WELL #2, MALEY, JAYTCNA $4=02-25 -- 146
91210202 DAYTCONA P.S. WELL ¥2, MALEY, DAYTCNA 81-04-28 1225 160
91¢1C2C2 DAYTONA P,S. WELL %2, FALSY, QAYTCNA 81-04-23 1245 160
912102C2 DAYTONA P.S. WELL #2, MALEY, DAYTCNA 82-12-08 1415 150
291159081029201 9121C2C3 CAYTONA P.S. WELL ¥3, MALEY, DAYTCNA 39-00-00 -- 113
9121C2CY DAYTONA P.S. wELL #3, MALZY, DAYTCNA 50-00-00 -- 134
9121C2C2 DAYTCONA P.S. WELL #3, MALEY, DAYTCNA 54-02-28 - 186
$121C2C3 DAYTONA P.S. WELL #3, MALEY, DAYTCNA 79-06-10 - 1010
91210203 DAYTONA P.S. WELL #3, “MALEY, DAYTCNA 81-04-28 1022 75¢C
9121C2C3 CAYTONA P.S. wELL ™3, MALEY, DAYTCNA 21-04-238 1022 1C0C
91¢10203 OAYTONA P.S. WSLL #3, ™ALEY, OAYTCNA 81-04-28 11C2 10C0
9121C2C3 DAVYTONA P,S. WELL #3, PALEY, DAYTCNA 82-12-08 145C 300
291202081C20101 91210204 CAYTONA P.S. WELL ®é&, PALEY, DAYTCNA 39-G0~00 - 117
9121C2C4 DAYTCNA P.S. WELL #4, MALEY, CAYTONA $0=-00-00 -- 134
9121C2C4 DAYTONA P.S. wELL #4, MALEY, CAYTCNA 54-02-28 =-- 182
291205081C20301 9121C205 OAYTONA P.S. WELL %5, ADAMS, JAYTCNA 39-0G-00 -- 119
91é1C205 OAYTONA P.S. WELL #5, ACAMS, DAYTONA 50-00-00 -- 134
912102C5 OAYTONA P.S. wELL #5, ADAMS, DAYTCNA 54-02-28 - 16C
2912C7081620301 $121C2C6 CAYTONA P.S. wWELL ®6, ADAMS, DAYTCNA 39-0C-00 .- 102
912¢102C6 DAYTONA P.S. WELL ¥4, ADAMS, CAYTONA 50-00-C0 - 122
912102C6 DAYTCNA P.S. WELL #6, ADAMS, DAYTCNA 54-02-28 -- 166
26121€081020501 912102C7 DAYTONA P.S. WELL #7, ADAMS, DAYTONA 39-5G-00 - 99
912102C7 DAYTONA P.S. WELL #7, ADAMS, OAYTCNA 50-00-00 -- 127
91210257 DAYTONA P,S, wELL #7, ADAMS, CAYTCNA $4-02-28 -- 132
291213081020791 9121C2C8 DAYTONA P.S. WELL #8, ADAMS, DAYTGONA 39-0C-00 -- 90
91¢102C8 DAYTONA P.S. WELL #8, 4DAMS, DAYTCNA $0-02-0C - 86
9121G2C8 CAYTONA P.S. WELL ¥8, ADAMS, DAYTCNA $4-C2-28 -- 98
291215081020801 91¢1C239% DAYTONA P.S. wWELL #9, ADAMS, DAYTONA 39-00-00 - 99
9121C2C9 CAYTCNA P.S. WELL #9, ADAMS, DAYTONA 50-00-00 -- 79
912102C% DAYTONA P.S. WELL 9, ADAMS, DAYTCNA 54-02-28 -- 82
291207081020801 9121C211 DAYTONA P.S, WELL ¥11, KEECH, OAYTONA 50-0C-0C -- 192
91210211 DAYTONA P.S, wELL #11, KEECH, DAYTONA S54=02-25 -- 148
291210081€21001 91210212 CAYTONA P.S, WELL ®#12, KEEZCH, DAYTCAA $¢-00-00 -- 72
91210212 DAYTONA P.S. WELL ®12, KZECH, CAYTONA $4-02-25 -- 86
291212081021101 9121021 CAYTONA P.Se. WELL #13, KEECH, CAYTONA $0-00-00 -- 62
91210213 CAVICNA P.S. WELL #13, KEECH, DAYTONA $4-02-25 -- a8
291210081021401 91210214 DAYTCNA P.S.wELL #14, CARCLINE,DAYTONA $C-00-CGC - [Ty
91210214 ODAYTONA P.S.WELL #14, CARCLINE,DAYTONA $4-02-25 - %
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TABLE OF SUPPLEMENTAL DATA-~CHLORIDE CONCENTRATIONS
IN PUBLIC-SUPPLY WELLS--CONTINUED

CAYE CF TIME CHLORIDE
STATION SAMPLING OF CONCENTRATION
NO. LOCAL NO. AND WELL NAME (YR=VO=-CAY) SAMPLING (vG/L)
291208081G213C1 91210215 DAYTONA P.S. WELL 15,CAROLINE,CAYTONA 5C=-00-C0 - 99
§121C215 DAYTONA P.S. wELL 15,CAROLINE,CAYTONA 54=-02-25 - 123
291158081C20501 91210216 DAYTONA P.S. WELL #16,CARCLINE,CAYTONA 5G-00-00 -= 123
91210216 DAYTCNA P.S. wWELL #16,CARCLINE,CAYTONA 54=-02-25 -- 186
291156081C20701 91210217 DAYTONA P.S.wELL #17,CARCLINE,CAYTONA 50-00-00 - 145
91210217 DAYTCNA P.S.WELL ®17,CAROLINE,CAYTONA 54=32-090 -- 188
291156081C20301 9121C218 DAYTONA P.S.WwELL #18, KEECH,DAYTONA $0-00-00 -- 150
71210212 DAYTCONA P.S.WELL ®13, KEECH,CAYTCAA $64-02-00 -- 186
291159081C20401 91213215 DAYTONA P.S. WELL #15, KEECH, CAYTCNA 50-C1-00 - 145
91210215 DAYTONA P.S. WELL #19, KEECH, DAYTONA 54-02-C0 -- 202
291202081C20501 9121C22C DAYTCNA P.S. wilL #20, KEECH, DAYTONA 564-02-CO -- 198
291207081C22101 91213221 OAYTCNA P.S. WELL #21, NOVA, DAYTCNA S4=-02-23 - 82
9121C221 OAYTCONA P.S. wELL %21, NOVA, DAYTCNA 54=-03-31 -- 126
291210081C22301 9121C222 OAYTONA PaS. WELL #22, NOVA, CAYTONA 54-02-28 -- 78
9121C222 DAYTONA P.S. wELL #22, NOVA, DAYTONA S4=03-31 -- 92
291215081C22501 91210223 DAVTONA P.S. WELL %23, NOVA, DAYTCNA 54-02-28 -- (13
9121C223 CAYTONA P.S. WELL 423, NOVA, DAYTONA 54=-03-31 -- 78
291219081C22801 91210224 DAYTONA P.S.wWELL #24, NOVA, DAYTONA 54-02-28 -- ¢8
91210224 OAYTCNA P.S.WELL #24, NOVA&, CAYTONA 54=-03-31 - 80
291224081C23001 91210225 DAYTONA P.3. wELL ¥25, NOVA, DAYTCNA $6-02-00 -- s
91210225 JAYTONA P.S. WELL #25, NCVA, DAYTCNA 54=03-31 - 438
291229081C23201 91210226 DAYTONA P.S. WELL #26, NOVA, DAYTCNA 54=02-00 -- 43
91210226 DAYTONA P.S. wELL #26, NCVA, CAYTCNA 54-03-31 -- 44
291233081C23501 91210227 OAYTONA P.S. WELL #27, NOVA, OAYTONA 56=-02-00 - 56
91210227 OBYTONA P.S. WELL #27, NOVA, CAYTONA 54-03-31 - 56
291237081C23701 91410228 OAYTONA P.S. WELL #28, NOVA, DAYTCNA 54=-C2-00 -- 56
9121C228 DAYTONA P.S. WELL %28, NOVA, DAYTCNA 54-03-31 i 52
291242081G23901 91210229 OAYTONA P.S. WELL #29, NOVA, DAYTCNA 54=02-00 -- 52
9121C229 DAYTONA P.S. WELL #29, NCVA, DAYTCNA 564-03-31 - sS4
291202081G22301 9121C235 DAYTONA P.S. WELL #30, TUSC., CAYTONA 79=09-00 =-- 580
9121C235 DAYTONA P.S. wWELL #303, TUSC., DAYTONA 79-09-06 1328 531
9121C235 DAYTONA P.S. WELL #30, TUSC., CAYTONA 22-08-24 12G6¢C 4T
291155081C22901 91210237 DAYTONA P.S. wELL 232, TUSC., CAYTONA 80-12-%1 -- 150
9121G237 ODAYTONA P.S. WELL #32, TUSC., DAYTONA 80-12-31 1115 150
9121C237 DAYTONA P.S. wELL #32, TUSC., CAYTONA 80-12-31 1127 140
291152081623701 91110202 DAYTONA P.S. wELL #33, DAYTONA 82-G8-24 t12¢C 170
9111C2G3 DAYTONA P.S. WELL %33, DAYTONA 82-12-01 1545 150
251139081C32401 9111C3CS5S DAYTCNA P.S. WELL #34, DAYTONA 57-33-00 - 78
9111C3C5 DAYTONA P.S. WELL #3464, QAYTONA §7-33-13 - 70
911103C5 CAYTONA P.S. WELL #34, DAYTCONA 57-C3-21 -- 73
291140081033601 9111C304 DAYTDNA P.S. WELL #35, DAYTONA 57-03-13 - 30
291137081034801 911103C3 DAYTONA P.S. WELL #3é6, DAYTONA 5§7-03-13 - 30
291133081035801 9111C3C2 DAYTONA P.S. wELL #37, DAYTCNA $7-03-C0 - 33
9111C03C2 DAYTCONA P.S. WELL #37, DAYTONA $7-03-13 - 30
9111C3C2 OAYTONA P.S. WELL #37, DAYTONA 57-03-21 .- 33
911103C2 DAYTONA P.S. WELL #37, DAYTONA 82-08-20 1135 66
9111C302 DAYTONA P.5. WELL #37, CAYTCNA 82-12-01 1328 53
291130081040601 91110437 DAYTONA P.5. WELL M38, DAYTONA 57-C3-13 - 32
9111C4C7 OAYTONA P.S. WELL #38, DAYTONA 82-03-22 15C0 99
911104C7 DAYTONA P.S. WZLL #38, DAYTONA 82-08-20 1130 3s
9111C4C7 DAYTONA P.S. WELL #38, DAYTONA 82-12-01 1312 40
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TABLE OF SUPPLEMENTAL DATA--CHLORIDE CONCENTRATIONS
IN PUBLIC-SUPPLY WELLS--CONTINUED

DATE CF TIME CHRLORICE
STATICN SAMPLING OF CONCENTRATION
NO. LCCAL NC. AND WELL NAME (YR=MCO=CAY) SAMPLING (MG/L)
291126081C41701 9111C4C¢ DAYTONA P.S. WELL #39, DAYTONA 57-03-13 - 32
9111C4C6 DAYTCNA 2.5S. wSELL %39, DAYTONA §2-C03-22 15C5S 71
91110406 CAYTCNA P.S. WELL #39, DAYTONA 82-08-20 1125 71
251120081062701 91112408 DAYTCNA P.S. wELL #40, DAYTOMA 57-03-13 - 32
911104C8 CAYTONA P.S. WELL %40, DAYTONA 82-12-01 13C7 55
9111C4C8 CAYTONA P.S. wELL %40, DAYTONA 23-C1-31 1245 48
291124081C043401 9111C41C DAYTONA P.S. WELL #41, DAYTONA 63-09-12 - 34
9111C41C CAYTONA P,S. WELL #41, DAYTONA 82-08-2C 1115 S5
$111C410 DAYTOMA P.S. WELL W41, DAYTONA 82-12-01 13C3 42
291120081C44501 91110412 DAYIONA P,S. WELL #42, DAYTONA 82-03-22 151¢ 42
9111C412 DAYTCNA P,S. WELL W42, DAYTONA 82-Ca-20 1110 40
291116081C455C1 9111541 CAYTONA P.S. WELL #43, JAYTONA 66-06~-24 -- 53
91110412 CAYTONA P.S. wWELL #43, DaYTONA 82-03-22 1515 61
91110412 DAYTONA P.S. WELL #43, OAYTCONA 82-08-20 11C5 63
$111C413 CAYTONA P.S. wELL #43, DAYTONA 22-12-01 1254 69
291113081C50601 91110503 CITY WELL 44 AT DAYTOMA BEACH, FL 66-06-24 -- 74
9111CSC3 CITY WELL 4& AT DAYTONA BEACH, FL £9-05-15 103¢C 39
9111CSC3 CITY WELL 4& AT DAYTONL REACH, FL 71-C6-09 -—- 41
91110503 CITY WELL 44 AT DAYTONA BEACH, FL 72-35-08 1220 38
9111CSC3 CITY WELL 4& AT DAYTCNA 3EACH, FL 82-08-20 110C 130
91113563 CITY wELL 4& AT OAYTONA BEACH, FL 82-12-01 125¢C 11¢
91110SC3 CITY WELL && AT DAYTONA 3EACH, FL 83-01-31 125¢ 72
291109081C51501 91113501 CAYTCNA 2,S, WELL #45, DAYTONA 66=07-08 -- 55
9111CSCY1 OAYTONA P.Se. WELL #45, DAYTONA 82-08-20 1050 21C
91110SCY1 CAYTONA P.S. wZLL ®45, DAYTONA 82-12-01 1222 160
291105081C523C1 911105C4 CAYTCNA P.S. WELL #4646, CAYTONA 72-36-01 -- 3s
911105C4 DAYTONA P.S. WELL %46, CAYTCNA 79-09-00 -~ 47
9111CS5C4 ODAYTONA P.Se. WELL #46, DAYTONA 82-08-20 1040 230
911135C4 CAYTONA Po.S. wELL R4S, DAYTCONA 82-12-01 124C 42
2$11C1031C53601 9111C05CS5 CAYTONA P.S. WELL #47, DAYTOMNA 72-06-D2 -- C
91110505 CAYTONA Po.Se WELL #47, CAYTONA 82-08-20 103C 33
291047081C61301 91C10602 DAYTONA P,S. WELL m48, SW CF DAYTONA 82-03-22 1520 33
91C1C6C2 DAYTONA P.S. WELL #48, SW OF DAYTCNA 22-08-20 0945 34
291032081C65201 91C1C6C1 DAYTONA P.S. WELL #49, SW OF DAYTCNA 72-07-14 -~ 34
91C1G45C1 CAYTONA P,S. wELL 849, Sw CF DAYTCNA 80-03-00 - 30
91C106C1 DAYTONA P.S. WELL #49%9, SW4 CF CAYTCNA 80-03-11 0945 27
91C1C6C1 CAYTONA P.S. WELL #49, Sw CF DAYTCNA 82-03-22 1525 31
91C106G1 DAYTONA P.S. WELL %49, SW OF DAYTCNA €2-08-20 10CC 36
291031081065601 91C1C6C3 CAYTONA P.Se WELL wW=1, W, OF DAYTCNA 82-12-28 1045 25
291043081C71201 91C107G1 DAYTONA P.S. WELL W-2, W.0F CAYTONA 82-12-238 11CS 27
290830041C7440C1 90E1C7CS DAYTONA P.S. WELL wW=3,Sw. CF DAYTCNA 32-12-16 1250 19
29C5A223081C80401 9081C8C7 DAYTONA P.S. WELL W-5S, Sd4 OF DAYTCNA 82-12-16 1245 23
29C8200281C21401 902108G8 DAYTONA P.S. WELL W=4,Sk OF DAYTONA 82-12-16 124C 33
290812081683201 P081C870 DAYTONA P.S. WELL W=3, SW OF DAYTCNA 82-12-16 1220 32
250139C81182401 90111701 OELAND P.S. WELL »2, DELANC 57=04-22 -- 26
9C1117C1 DELANC P.S. WELL ®2, DELAND $2-08-20 1400 14
9C1117C1 CELAND P.S. WZlLlL #2, CELAND 82-11-30 Q8s¢C 20
290156081183501 9C1118C1 CELANC P.S. WELL #3, DELAND $7-C4=22 -~ 19
901118C1 DELANC P.S. WELL %3, OELAND 66=-02-15 - 19
90111801 DELANC P.S. WELL #3, CELAND 82-03-23 14CC 3s
901118C1 CELANC P.S. WELL #3, OELAND 82-08-20 14CS 33
901118C1 DELAND P.3. WclL #3, DELAND 82=11-30 084C 4C
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2901560811834C1 Q01118C2 DzLANC P.S. WELL #4, CELAND §7-04-22 - 21
9C1118C2 DELAND P.S. WELL W4, DELAND 58-07-15 -- 17
901118G2 CELANC P.S. WELL #4, CELANC 66-02-00 -- 19
901118C2 DELANC Po.5. WELL ¥4, CELANC 66-02-15 -- 19
90111802 DELANC P.S. WELL ¥4, CELAND 71-06-08 - 26
§G1118C2 OELANC P.S. WELL K4, DELAND 76-08-17 082¢C 13
901118C2 CELANC P.S. WELL W4, DELAND 77~09-01 1515 18
601118C2 CELANC P,S. WELL k4, DELANC 8§0-C3-11 J8aC 46
9C1118C2 CELANC P.S. WELL %4, CELANC 82-0%-20 141C 20
$01115C2 OELAND P.3. WELL K&, DELANC 82-11-3C 083s 28
90111802 CELANC P.S. WELL #4, DELANC 83-02-01 124C 28
$01118C2 DELANC P.S. WELL W4, DELAND 83-03-31 125C 28
931118C2 CELANC P.S. WELL #4, DELAND 83-04-29 1015 25
$01118C2 DSLANC P.S. WELL #4, DELAND §31-05-27 123C 27
901118C2 CELANS P.S. WELL #4, CELAND 83-06-30 1135 26
0111802 CELANC P.S. WELL ¥4, JELANC 83-09-30 12c¢C 28
90111802 CELANC P.3. WELL k4, CSLANC 83-11-29 093¢ 32
9C1118C2 DELAND P.S. WELL ¥4, CELAND 84=-01-1 0920 29
901118C2 CELANC P.S. WELL #4, CELANC 84-04-0S 1245 28
$01118C2 CELANG P.S. WELL #4, CELAND 84-05-064 094C 33
901118C2 CELAND P.5. WELL k4, DELAND 86-06-07 0930 27
90111802 DELANC P.S. WELL k4, DELANC 84-07-06 12¢6¢ 33
29G219081130601 902119C1 CELANC P,.S. WELL &S, CELAND 82-08-20 1415 12
290227081171301 §02117C1 CELANC P.S. WELL #&, DELAND 65-09-00 - 15
902117C1 CELAND P.S. WELL ¥6, CELAND 65-09-02 - 15
90211761 DELAND P.S. WELL #®6, ZELAND £5-10-28 162G 12
902117C1 DELANC P.S. WELL #6, CELANC 65=11-00 - 12
902117C1 CELANC P.S. WELL #5, CELAND 65-11-01 -- 12
902117C1 DELAND P.S. WELL ¥#6, DELAND 65-12-0C 1440 1c

902117C1 DELANC P.S. WELL #6, CELAND €5-12-00 1540 2.0
90211701 DELANO P.S. WELL #6, CELAND 65-12-02 -- 1C
9C211701 DELAND P.S. WELL %6, DELAND 65=12-02 144C 10

$02117C1 CELANC P.S. WELL #6, DELAND 65-12-02 154C 8.0
290208081172401 §Ce117C2 CELAND P.S. WELL #6a, CELAND 82-08-20 1462C 1
290113081173201 0111703 DELAND P.S. WELL ¥#7, DELAND S?7-04-22 - 24
$31117C3 DELANTC P.S. WELL #7, DELAND 58-07-1S -- 18
901117C3 CELAND P.S. WELL #7, CELAND 61-05-12 -- 18
29C3030811823C1 $G2118C1 CELAND P.S. WELL ¥#74, DELAND 82-03-23 14CS 14
903118C1 OELAND P.S. WELL #7A4, CELAND 82-08-20 1425 13
290156081192701 931119C2 DELANC P.S. WELL W&, DELANC 82-03-23 141C 1%
$01119C2 DELAND P.S. WELL 8, CELAND 82-08-20 143G 12
285419081153901 854115CS CELT. PeS. WELL #1, MELLINGTON, DELTONA €2-12-13 -- 10
85411505 DELT. P.S. WELL #1, WELLINGTON, DELTONA 82-03-29% 10cC 23
854115CS ODELY, P.S. WELL #1, WELLINGTON, DELTONA 82-08-24 osce 16
854115CS DSLT. P.S. WELL ¥1, WELLINGTON, DELTONA 82-12-01 0955 12

285416081154401 85411504 DELT. P.S. WELL #2, WELLINGTON, DELTONA 67-10-25 -- 9.0
85411504 DELT. P.S. WELL #2, WELLINGTON, DELTONA 82-03-29 1085 79
85411504 DELT., P.S. WELL #2, WELLINGTON, DELTONA 82-08-24 0805 24
285355081161701 852116C1 DELT., P.S. WELL ¥3, CIAMOND ST, DELTONA 65-07-13 - 28
353116C1 DZLT. P.S. WELL #3, CIAMOND ST, DELTONA 82-03-29 101C 19
853195601 DELT. P.S. WELL ¥3, CIAMOND ST, DELTONA 82-08-24 0815 10

853116C1 DELT., P.S. WELL #3, DIAMONC ST, DELTONA 82-12-01 0%0C 9.4
285525081143301 855114C1 DELT. P.S. WELL #4, ELKCAM BLVC,DELTONA 67-10-25 -- $3
855114C1 DELT. P.S. WELL #4, ELKCAV SLVC,DELTONA 79-09-10 123C 80
855114C1 DELT. P.S. WELL ¥4, ELKCAM BLVC,DELTONA 82-03-23% 1015 105
855114C1 DELT. P.S. WELL ¥4, ELKCAM BLVC,DELTONZ 82-08-24 0820 110
855114C1 DELT. P.Se. WELL #4, ELKCAM BLVD,DELTONA 82-12-01 081S 100
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2852590811321C1 852113C1 DELT. P.S. WELL ¥5, SAXON, DELTDANA ©5-11-15 -- 38
852113C1 OELT. P.S. WELL #5, SaxON, DELTONA 82-04=-13 11C0 99
285406081152301 854115C1 DELT. P.Se. WELL ¥6, FIRE STA., DELTONA 66=03-1¢ - 29
85411501 CELT. P.S. WELL ¥6, FIRE STA., CELTONA 82-064-13 1135 22
85411501 DELY, P.S. WELL M6, FIRE STA., DELTONA 82-08-24 2825 18
856115C1 OELT. P.S. WELL ¥6, FIRE STA., DELTONA 82-12-01 0845 15
285201081150201 852115C4 OELT. P.S. WELL #7, WHISKEY L., DELTONA 67-10-25 -- 9.0
285410081152301 85611502 OELT., P.S. WELL #8, FIRE STA., CELTONA 67-01-03 -- 9.0
85411502 DELY. P.S. WELL #8, FIRE STA., DELTONA 82-04-13 1110 49
85411502 DELT. P,S. WELL #8, FIRE STA,, OELTONa 82-08-24 LR 12
85411502 DELT. P.S. WELL ¥8, FIRE STA., UELTONA 22-12-01 0947 14
285348081140801 353114C2 DELT. P.S. WELL #9, SAXON BLVD, DELTONA 66-12-13 -- 15
853114C2 OELT. P.S. WELL %9, SAXON BLVD, CELTONA 77-11-02 133¢C 149
353114C2 OELT. PeS. WELL ¥9, SAXON BLVC, CELTONA 82-03-29 1025 240
85211402 OZLT. P.S. WELL %9, SAXON B8LVD, DELTONA 82-08-24 0835 120
8523114C2 CSLT. P.S. WELL #9, SAXON BLVD, DELTONA 82-12-01 0313 78
85311402 OELT, P.S. WELL #9, SAXON BLVO, OELTONA 83-02-01 132C 60
853114C2 DELT. P.S. WELL #9, SAXON BLVO, CELTONA 83-03-31 14CC 89
85311402 DELT. P.S. WELL ¥9, SAXON BLVD, ODELTONA 83-064~29 093¢ 97
853114C2 DELT. P.S. WELL ¥9, SAXCN 3LVD, DELTONA 83-05-27 1145 84
853114C2 DELT., P.S. WELL ¥9, SAXDN BLVD, DELTCANA 83-06-30 121$ 58
853114C2 DELT, P.S. WELL ¥9, SAXON BLVD, CELTONA 83-09-33 1300 56
853114C2 DELT. P.S. WELL #9, SAXON 3LVO, DELTONA 83-12-C2 084C 6%
852114CZ DELT. P.S. WELL ¥9, SAXON BLVD, DELTONA 84-01-31 1032 73
35311402 DELT, P.S. WELL #9, SAXDN ®LVD, DELTONA 84-04-C5 141C 51
85311402 DELT. P.S. WELL #9, SAXON BLVD, CELTONA 84-05~0¢4 1045 64
85311402 DELT. P.S. WELL ¥#9, SAXON BSLVD, OELTONA 84-06-07 105¢C 66
285503081124701 855112C1 DELY. P.S. WELL ¥11, NEMO ST, DELTONA 68-12-16 -- 360
285340081140801 853114C1 OELT. P.S. WELL ¥12, MCLLYHOCK, CELTONA 82-04-13 1115 67
853114C1 DELT. P.S. WELL #12, WCLLYROCK, DELTONA 82-08-24 C840 70
85311401 DELY. P.S. WELL #12, WCLLYHOCK, OELTOMA 82-12-01 0830 70
285253081141301 852114CY DELTY. P,.S5S. WELL #14, SAXON BLVO,DELTONA 70-12-07 -- 60
85211401 DELT. P,S. WELL ¥14, SAXDN 3LVO,DELTONA 79-G9-10 114C 114
85211401 DELT. P.S. WELL #14, SAXDN BLVC,OELTONA 82-03-29 1030 170
85211401 DELT, P.S. WELL #14, SAXON BLVC,CELTONA 82-08-2¢4 084C 42
852114C1 DELT. P.S. WELL #14, SAXON BLVC,CELTCNA 82-12-01 €836 24
2856310811052019 85611001 DELT. P.S. WELL #15, CCURTLAND, DELTONA 82-03-29 1035 30
285352081141001 853114C3 OELY. P.S. WELL #16, DELTCNA 82-03-29 1040 24C
853114C3 O:LT. P.S. WwELL #1546, CELTONA 82-08-24 0845 130
85311403 CELT. P.S. WELL #16, CELTONA 82-12-01 0815 99
285634081105301 856110C2 DELY. P.S. WELL #17, COURTLANO, DELTONA 82-03-29 1045 9.0
285904080554601 85905504 ELGEWATER P.S. WELL #1, W. OF EDGEWATER 57-12-90 - &4
B59055G4 ECGEWATER P.S. WELL #1, W. OF EDGEWATER 58-06-10 -- 45
855055C4 ECGEWATER P.S., WELL #1, w. OF ECGEWATER 72-05-10 150C 738
855055C4 ECGEWATER P.S. WELL #1, W, OF EDGEWATER T6-08-27 0945 58
85505504 ECGEWATER P,S, WELL ¥1, W. DF SOGEWATER 79-09-0C -- 119
85605504 ECGEWATER P.S. WELL #1, w. OF EDGEWATER 82-03-22 1145 210
855055C4 ECGEWATER P.S. WELL #1, W. OF EDGEWATER 82-12-08 1240 210
2858580805557C1 85305501 ECGEWATER P.S. WELL W2, W, OF ECGEWATER 82-03-22 115C 160
858955C1 ECGEWATER P.S. WELL %2, W. OF EDGEWATER 82-12-08 125C 140
28585208C561401 858056C1 SCGEWATER P.S. WELL #3, W, OF SOGEWATER 82-03-22 1155 58
85805601 ELGEWATER P.S. WSLL #3, wW. OF EDGEWATER 82-12-08 1245 55
€91444081022201 9141C2C1 HMCLLY WILL P,S. WELL #1, WCLLY WILL 50-04-05 -- 7C
914102C1 HCLLY HILL P.S. WELL #1, HCLLY HILL 50-08-00 -- 73
91410201 MCLLY HILL P.S. WELL #1, HOLLY HILL $0-09-C0 -- 75
91410201 HCLLY HMILL P.S. WELL #1, HOLLY HWILL $4-11-16 -- 4]
91410201 HMCLLY WILL P.S. WELL #1, MDLLY MWILL 77-11-02 1515 160
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261434081C25002 91410211 HOLLY HILL P.S. WELL #6864, HOLLY HILL 32-12-0 1013 70
2914290810247C2 91410213 HCLLY MILL P.S. WELL #7a4, MOLLY MILL 82-03-22 1630 190
91410213 HCLLY HILL P.S. WELL #7A4, HCLLY HILL 82-12-01 0958 150
91410213 ACLLY HILL P.S. WELL #7A, HOLLY HILL 83-01-21 1338 240
291425081024501 91410214 HCLLY HILL P.S. WELL #8, HOLLY HILL 80-09-23 1530 440
291425081C24502 9141C215 HCLLY WILL P.S. WELL #8A, WOLLY HILL 82-12-01 1C3C 140
291436081024701 91410216 ACLLY HILL P.S. WELL #9, HOLLY MILL 79-09-00 - 74
914610216 HCLLY HILL P,S. WELL #9, HOLLY HILL 82-03-22 1635 210
91610216 HCLLY HILL P.S. WELL #9, MOLLY HILL 82-12-01 Q9ss 320
91410216 HCLLY HILL P.S. WELL #9, HOLLY HWILL 83-01-31 1315 340
291435081GC25501 91416218 HCLLY HILL P.S. WELL #11, HOLLY HILL 32-12-01 1C00 70
296029081204701 90C12022 L.BERESFORD P.S. WELL #1, SW OF CELANC 65-08-18 -- 68
90012022 L.BERESFORD P,S. WELL #1, SW OF DELANC B2-08-24 13CS 17C
90C12022 L.SERESFORD P.S. WELL #1, SW OF DELAND 82-12-08 1545 230
290039081204 601 90C12021 L.BERESFORL P.S. WELL ¥#2, SW OF DELANC 65-08-18 -- 25
90C12021 L.BERESFORD P.S. WELL #2, SW OF DELANC 82-08-24 131C 24
9CC12021 L.BERESFORD P.S. WELL #2, SW OF DELANC 82-12-08 1550 51
285840081135601 858113C1 L. nELEM P.S. WELL, LAKE HELEN 50-11-21 -- 1C
858113061 L. HELEN P,S. WELL, LAKE MELEN 66-04-23 - 10
858113C1 L. HELEN P,S. WELL, LAKE HELEN 82-12-08 1015 AR |
285951080574701 85905705 NS3 PS wELL NUMBERED 3 IN 1947,N.SMYRNA 76-05-C7 b 73
859057C5 NSB PS WELL NUMBERED 3 IN 1947,N.SMYRNA 71-C5-14 -- 56
856057C5 NSB PS WELL NUMBERED 3 IN 1947,N.SMYRNA 71-06~08 - 53
856057C5 NS8 PS WELL NUMBERED 3 IN 1947,N.SMYRNA 72-05-10 1400 80
85505705 NS8 PS WELL NUMBEREC 3 IN 1947,N.SMYRNA 82-12-08 1225 88
285952038C574801 85905701 NSB PS WELL NUMBERED 1 IN 1980,N.SMYRNA 82-12-01 1150 100
85905701 NSB PS WELL NUMBEREC 1 IN 1980,N.SMYRNA 83-01-31 1045 98
285951080575101 85505702 NSB PS WELL NUMBERSD 2 IN 1980,N.SMYRNA 79-09-00 - 82
356057C2 NSB PS WELL NUMBERED 2 IN 1980,N.SMYRNA 82-03-22 1105 94
28594908C575001 85605703 NS8 PS WELL NUMBERED 3 IN 1780,N.SMYRNA 55-06-02 - 54
85505703 NSB PS WELL NUMBERED 3 IN 1980,N.SMYRNA 82-12-01 1200 61
85605703 NS8 PS WELL NUMBERED 3 IN 1930, N.SMYRNA 23-01-31 1040 58
285951080575501 85905712 NSB PS WELL NUMBERED & IN 1980,N.SMYRNA 79-09-00 -~ 71
285953080575902 85905710 NSB PS WELL NUMBERED 7 IN 1980,N.SMYARNA 77-12-0$ 113C 76
85605710 NSB8 PS WELL NUMBERED 7 IN 1930,N.SMYRNA 78-05-00 - 7"
285945080580001 8359058C1 NSB PS wmELL NUMBERED 8 IN 1980,N.SMYRNA 82-03-22 1100 51
29CQ40081C50101 90C1C5G1 NSB P.S. WELL #S3, SAMSULA 82-03-22 1050 13

290047081C52301 90C105C3 NSB P.S. WELL #55, SAMSULA 82-03-22 1040 9.0
285641081175501 85611703 DRANLCITY P,S. WELLW1, ORANGE CITY 64-08+-24 - 20
856117C3 CRAN.CITY P.,S. WELL#1, ORANGE CITY 65-08-19 .- 14
2856641081175502 85611704 ORANLCITY P.S.wELL #2,0RANGE CITY 81-12-18 0915S 18
285636081175501 85611702 ORANLCITY P.S. WELL #3, ORANGE CITY 65-08-1% .- 1"
' 856117C2 ORAN.CITY P.S, WELL #3, ORANGE CITY 68-08-24 .- 16
285638081175501 BS€11705 ORANLCITY P.S.WELL #4,0RANGE CITY 82-03-23 1420 19
291645081034801 916103C1 ORMOND P.S. WELL #1, ORMOND 3EACH Se=11-16 - 200
916103C1 DORMOND P.S. WELL ¥#1, CRMOND BEACH 82-08-20 1215 230
9161C301 ORMONC P.S. WELL ¥1, ORMOND BEACH 82-12-01 110 230
291644081034701 91610302 ORMOND P.S, WELL #2, ORMOND BEACH S4=11-16 - 220
916103C2 ORMOND P.S. WELL #2, ORMOND BEACH 82-08-20 122¢ 180
91610302 ORMOND P.S. WELL ¥2, ORMOND BEACH 82-12-01 1101 120
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291643081C34601 §141C3C3 CRMOND P.S. WELL #3, CRMOND BEACH 564=-11-16 -- 190
91610303 ORMOND P.S. WELL #3, ORMONC BEACH 82-08-20 1225 240
91¢1GC3C3 CRMONO P.S. WELL #3, ORMOND BEACH 82-12-01 11C3 130
291643081034401 9161C3C4 CRMONO Po.Se WELL #4&, ORMOND BEACH S6-11-16 -- 200
291641081C34501 916103C7 ORMOND P.S. WELL #5, ORMOND BEACH 82-12-01 11GS 130
2916466081034601 916103C6 ORMOND P.S. WELL #6, ORMOND BEACH 23-07-00 - 146
916103C& ORMONG P.S. WELL #6, ORMOND BEACH 23-C7-08 - 146
9161C3C€ CRMONC P.S. WELL #6, ORMOND 3EACH $4-11-16 - 196
9161C3C6° ORMONC P,S. WELL ¥6, DRMOND BEACM 71-06-08 - 192
291616081C40301 9161C4C4 CRMOND P.S. WELL ¥8, ORMONC BEACH 82-03-23 120C 150
916104C46 ORMOND P.S. WELL #8, CRMONC BEACH 82-12-01 1129 110
9161C4C4 DRMOND P.S. WELL ®B, CRMONC BEACH 83-01-31 1410 170
291634831C40901 916104C6 ORMOND P.S. WELL ¥10, ORMOND BEACH 82-03-23 123S 140
2916C70810423C1 91610408 ORMOND P.S. WELL #12, CRMOND B8aClH 72-05-05 1102 136
91410408 ORMONC P.S. WELL #12, CRMOND 8EACH 79-C9-00 - 130
91610408 ORMOND P,S. WELL #12, CRMOND BEACH 82-12-01 1121 120
291608081C42101 91610409 ORMGND P.S. WELL #13, ORMOND BEACH 79-C9-00 - 110
$1¢1C4C9 CRMOND P,S. WELL #13, CRMOND BESACH 82-03-23 1210 120
291558081044301 91510401 ORMOND P.S. WELL #17, CRMOND B8EACHK 82-03-23 1215 13¢C
291628081C40101 91610413 OKMOND P.S. WELL #18, CRMOND BEACH 82-03-23 1220 190
91610413 ORMONDG P.S, WELL #18, ORMOND BEACH 82-12-01 1113 190
914104613 ORMOND P.S, WELL #18, CRMOND BEACH 83-01-31 1400 200
291623081C41101 916104614 ORMONC P.S. WELL #19, CRMOND BSEACH 82-03-23 1225 1790
291611081043201 91¢10616 ORMOND P.S. WELL #21, ORMOND BEACH 82-03-23 123C 130
291601081060801 9161C6C3 ORMOND P.S. WELL %22, CRMOND BEACH 82-C3-23 1235 120
291527081C64601 9151C6CS ORMOND P.S. WELL #24, ORMONO SEACH 82-03-23 1240 72
290742081C13901 9081C1C3 PCRT ORANGE P.S. WELL #4, PDRT CRANGE 72-05-10 130C 89
90810103 PCRY ORANGE P,S, WELL #4, PORYT ORANGE 76-08-27 0320 68
9081C103 PCRT ORANGE P.S. WELL ¥4, PORT ORANGE 78=-04-10 -- 93
90210103 PCRT ORANGE P,S. WELL ¥4, PORT ORANGE 79-08-16 - 68
90810103 PCRT ORANGE P.S. WELL #4, PORT ORANGE 79-09-07 1145 7¢
908101C3 PCRY CRANGE P.S. WELL ¥4, PORY ORANGE 30-C3-25 -- 78
9081C1C3 PCRT ORANGE P.S. WELL ¥4, PORT ORANGE 80-10-08 - 8s
9021C1C3 PCRT ORANGE P.S, WELL #4, PORT ORANGE 82-03-22 130C 83
290813081313801 90210104 PCRT ORANGE P.S. WELL %S5, PORT CRANGE 82-03-22 13CS 35
290818081C13801 90810105 PCRY ORANGE P,.S. WELL ¥#6, PORT ORANGE 82-03-22 131C 53
290313081C14101 9081C106 PCRT ORANGE P.S. WELL #7, PORT ORANGE 82-12-01 11CC 160
908101C6 PCRT ORANGE P.S. WELL #7, PORT CRANGE 83-01-31 1130 150
290835081013801 9081G1G8 PCRY ORANGE P.S. wéll #9, PORT GRANGE 82-03-22 1315 59
290840081013801 9081C1CS PCRT ORANGE P.S. WELL #10, PORT CRANGE 82-03-22 132C 66
290846081014401 90810111 PCRY CRANGE P,.S. WELL #1712, PORT ORANGE 82-03-22 1325 72
290846081014901 90816112 PORY ORANGE P,.S. WELL ¥#13, PORT ORANGE 82-03-22 1330 84
290846081015501 90810113 PCRY CRANGE P.S. WELL ¥14, PORT ORANGE 82-03-22 1335 63
290846081C20101 908102C2 PCRT ORANGE P.S. wELL ¥15, PORT CRANGE 82-03-22 134C 63
290846081C20701 9081C2C3 PCRYT ORANGE P.S. WELL #16, PORT ORANGE 82-03-22 13453 61
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