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AREAS OF NATURAL RECHARGE TO THE DEFARTHENT OF NATURAL RESOURCES el oo MR
FLORIDAN AQUIFER IN FLORIDA BUREAU OF GEOLOGY 1974 (Healy, 1975). Isolated depressions in potentiometric sur-
e = 7 ’ = ——_— . face due to concentrated pumpage locally reverses gradient and
By \ \ This public document was promulgated at a o limited fopl Fecharge. 431°
B total cost of $617.00 or a per copy cost of AREAS OF KNOWN VERY LOW RECHARGE
J- W Stewart JACKSON $.25 for the purpose of disseminating hydro- Areas where the Floridan is known to be overlain by relatively
k logic dat impermeable confining beds generally more than 25 feet thick
Prepared by the ENGSaLE: and unbreached.
U.S. GEOLOGICAL SURVEY . 1 AREAS OF VERY LOW TO MODERATE RECHARGE
in cooperation with the GADSDEN Includes some areas where Rgu; thickness axlld e;ttlant ofhthe
confining bed is not known. Recharge is very low to low where
FLORIDA DEPARTMENT OF ENVIRONMENTAL REGULATION pASHINGTON conﬁning beds are of sufficient thickness and extent to mate-
BUREAU OF WATER RESOURCES MANAGEMENT 4 rially restrict movement of water into the Floridan, or where the
confining bed is absent but both the water tablle a:d poten-
' tiometric surface of the Floridan are close to land surface.
Tallahassee, Florida Recharge is moderate where confining bed is locally thin or
s breached and where the water table is considerably higher than
the potentiometric surface.
30°|— INTRODUCTION DESCRIPTION OF RECHARGE AREAS D e b g SR T W
The Floridan aquifer is the most extensive and widely used The potentials for natural recharge to the Floridan aquifer are st:eam E'Qina‘;‘; :;sq,ea::i; x:rany closed d}e'pl::(s)si:ns, some of
aquifer in Florida. In 1975, about 2.072 Bgal/d (billion gallons per day) classified into four types. They are: (1) areas of generally no recharge; which contain water perennially.
were withdrawn from the aquifer; 423 Mgal/d (million gallons per (2) areas of known very low recharge; (3) areas of very low to moderate
day) for public-supplies use; 880 Mgal/d for agricultural use; 706 recharge; and (4) areas of high recharge. The areas are generalized o
Mgal/d for industrial use; and 63 Mgal/d for thermoelectric power and local discharge areas, such as some stream channels and some 30
generation. coastal areas, are not delineated.
Water use has increased greatly during the past decade and is The areas of generally no recharge, under natural conditions, are
expected to continue to increase. Information is needed to plan for the mostly where the potentiometric surface of the Floridan aquifer. is
future develop t and g t of the Floridan aquifer. This above land surface much of the time and coincide with areas of
report identifies areas of natural recharge to the Floridan aquifer and artesian flow shown by Healy (1975). About 45 percent of the State
evaluates their effectiveness. The report also includes a discussion of falls within this classification. The areas of known very low recharge
artificial-recharge methods that have been used or that could be used are where the Floridan is known to be overlaid by relatively imperme-
to supplement natural recharge to the Floridan. The report was able confining beds generally more than 25 feet thick. In these areas
prepared in cooperation with the Bureau of Water Resources Man- recharge rates are estimated to be less than 2 inches per year. The
agement, Florida Department of Environmental Regulation. areas of very low to moderate recharge are where the confining beds
i are generally less than 25 feet thick or breached, but include unknown
DISTRIBUTION OF RAINFALL arebas wl}xlere the confining bed may be more than 25 feet thick and o}
L. . epim e unbreached. Areas of very low to moderate recharge also include areas
£ all‘g;‘:;“:ﬁ:i:‘;?ﬂ&ﬂﬁ?ﬁﬁ;: sigolz?gﬁmmﬁ):fig:eﬁge where .the copﬁning bed is absen?, but where the water table and o v
and ranges from about 52 inches along the east coast to more than 64 potentiometric surfage of the Floridan aquifer are both close to the
g B : f land surface so that little recharge occurs. Recharge rates of very low [P R}
29° inches in northwest Florida (Hughes and others, 1971). Evapotranspi- to mbderate fecharge are setimatedto range from less than 2 inek P ) )
ration losses range from about 33 inches to about 49 inches annually, a5 mhich as/io inchi 5 Th ge;. h"mlll essh an 2 inches to ‘OO o po)
or about 60 to 88 percent of the average annual rainfall. VO per year. The areas of high recharge represent o D “
about 15 percent of the State, and in these areas recharge rates are ° R
GEOHYDROLOGY estimated to range from 10 to 20 inches per year.
The Floridan aquifer is composed chiefly of limestone and dolo- ARMCIAL RECHARGE 29°
mite and includes the following geologic formations: Lake City Lime- Throughout much of the State, recharge to the Floridan aquifer is \ 00
stone, Avon Park Limestone, and Ocala Group,! all of Eocene age; increased by pumping from the Floridan aquifer. Pumping lowers the / ﬂ’
Suwannee Limestone of Oligocene age; and Tampa Limestone and potentiometric surface and increases the head difference between the
lower part of the Hawthorn Formation of Miocene age where it water-table aquifer and the potentiometric surface of the Floridan EXPLANATION
contains limestone beds that are hydro'll‘(})‘gically connected to tl::e older aquifer where the potentiometric surface is naturally below the water
limestones (Parker and others, 1955). The aquifer ranges in thickness table. This increases the leakage through the confining beds from the : 4
from about 500 feet in west-central Florida to about 2,000 feet in overlying water-table aquifer. In areug{l where the gpotentiometric D Floridan aquifer at or near land surface. -400
central and northeast Florida (Lichtler, 1972; and Healy, 1975). surface is shown to be below the water-table aquifer and the water -600 . . A -600
In some areas the Floridan aquifer is at or near land surface. In table is at or near land surface, lowering of the potentiometric surface 00 — Line of equal depth b° Floridan aquifer. Interval -800
other areas it is as much as 1,000 feet below land surface. The altitude of the Floridan aquifer by pumping may result in salvaging part of the 200 feet. Datum is mean sea level. \
of the top of the aquifer is shown in figure 1. Where the aquifer is water that would otherwise be lost to runoff or evapotranspiration.
buried, it is overlain by a varying sequence of sand, clay, marl, and In areas where the potentiometric surface of the Floridan aquifer
limestone that ranges in thickness from a few feet in parts of west- is above the water-table aquifer, lowering of the potentiometric sur- 60
central and north Florida to several hundred feet in south-central face below the water table by pumping from the Floridan aquifer ‘ d
Florida. The thickness, lithology, and permeability of these materials generally reverses the head difference between the two aquifers. This
" affect the quantity and the quality of water that recharges the aquifer. induces recharge to the Floridan aquifer. In areas where the poten-
28 Deposits of sand blanket much of Florida. The sand forms a water- tiometric surface is above land surface, such as at seeps and springs,
table aquifer that absorbs that part of the rainfall that is not lost by lowering the potentiometric surface by pumping from wells in the
evapotranspiration or surface runoff. Not all the water reaching the Floridan aquifer may reverse the gradient towards the pumped area, " s . -
water table in those arecs is available to recharge the Floridan, how- resulting in capture of water that would otherwise be lost to spring Figure 1.—Altitude of top of the Floridan aquifer
ever, because as the water moves laterally some seeps into nearby and seep discharge. The areas of large ground-water withdrawals (Healy, 1975; Vernon, 1973). °
streams and some is lost to evapotranspiration in topographically low from the Floridan aquifer shown in figure 4 are areas of increased or 28
areas. Part of the water that reaches the water-table aquifer perco- induced recharge, or decreased discharge, from the Floridan aquifer.
lates on downward to recharge the Floridan aquifer wherever the po- Several other methods of artificially recharging the Floridan —
tentiometric surface of the Floridan is below the water table. . aquifer are as follows:
Where thick deposits of clay and marl lie between the water-table 1. Artificial recharge to the Floridan aquifer by gravity flow from
aquifer and the Floridan, the clay and marl impede movement of the surficial aquifer through a network of connector wells is a fairly P
water between the aquifers and cause the water in the Floridan to be recent concept in Florida. This method consists of constructing one or /3,9 @o
confined. Water in the Floridan aquifer is confined to some degree over more wells that are open to both the water-table aquifer and the >, o ~ \00 o~ PO
much of the State. Floridan aquifer, allowing water to flow downward by gravity into the 0 A
Where the Floridan is at or near land surface (fig. 1), the water Floridan aquifer. This method is applicable in areas where the water- 40
table is in the Floridan and there the aquifer is recharged directly by table aquifer has adequate storage and the water table is at least 25 to
infiltrating rainfall. Recharge also occurs directly from streams that 30 feet above the potentiometric surface of the Floridan aquifer. The
intersect the aquifer and through sinkholes that are open to the use of horizontal subsurface drains in conjunction with ¢ ct =~
aquifer. ' wells has been tested to increase recharge to the Floridan aquifer in
Maps of the potentiometric surface of the Floridan aquifer, when wet, poorly drained areas. Field experiments completed in 1974 in
used in conjunction with other hydrologic data, are useful in delineat- northwest Hillsborough County indicated that this method was fairly
270 ing areas of natural recharge, discharge, and.areas of large ground- successful (Sinclair, 1977). Areas known to have potential for artifi-
water withdrawals by wells. In May 1974 (Healy, 1975) the altitude of cially recharging the Floridan aquifer using connector wells include
the potentiometric surface of the Floridan aquifer ranged from about parts of southern Santa Rosa, Okaloosa, and Walton counties; parts of
80 feet below sea level in the heavily pumped area of coastal Okaloosa central Orange County; southwest Polk County; northwest Manatee
County to as much as 190 feet aboye sea level in northwestern Walton County; small parts of southeast Hillsborough County; southeast
County (fig. 2). The head was sufficient to cause the water to rise above goard:e County, eastern DeSoto County, and west central Highlands EXP ATION 270
land surface in wells throughout the southern of the State, alo REOEY. - o 1 X . LAN
most of the coastal areas, gand in most low stx?::tm valleys. In are:gs 2. l?ir?i‘o‘:;ge wells are “Beg;mn::;’fgk to ldrmln P’lf;enmﬁuy wet EXPLANATION
where the potentiometric surface of the Floridan aquifer is above the areas an -prone areas and to con e levels. The wells were pWCh : :
wa:er-tablz?water leaks upward from the Florid,anqto the water-table constructed throughout the south-central part of the State as late as 100 ¥ D Ar eas where Floridan aquifer known to be over-
aquifers. Those areas generally constitute areas of natural discharge the 1960s. However, with tne exception of a few areas, their use has POTENTIOMETRIC CONTOUR. Shows altitude at lain by unbreached beds of clay and (or) marl.
rather than areas of recharge to the aquifer. decreased during the past decade because of concern regarding the which water level would have stood in tightly cased Generally indicates thickness of confining bed of
poor qu.ahty of water uuected: The well.s were const!:uc’aad by install- wells that penetrate the Floridan aquifer. Contour more than 25 feet. B
EVALUATING AND DELINEATING RECHARGE AREAS ing casing through the surficial materials and leaving the borehole intervals 10, 30, and 40 feet Datum is mean sea level ‘Q
. y ) open to the Floridan aquifer. Excess surface water was diverted to the i )
Certain geologic and hydrologic factors affect recharge of the wells and water flowed by gravity down the casing to recharge the
_Fl_ondan aquifer and aid in deﬁmng areas ofvarymg "‘j“h?rge capabil- Floridan aquifer. The Orlando-Winter Park area is one of extensive /
ities. Of these, land-surface cqndntmns -are a major indicator of the use of drainage wells and large quantities of water are recharged to g
amount of recharge to the Floridan aquifer. The recharge rate gener- the Floridan through them. - J
ally is nil or low in areas dominated by poorly drained soils, moderate AR ¢ fresh _ : " : s .oLes
in areas dominated by moderately drained soils, and high in areas of ter ig.toptl}‘lees ml?aza;;:i?’;‘m&h weﬁ’: ﬁ;ﬁmﬁdzﬁx&c_ Figure 2.—Potentiometric surface of Floridan aqui- - /
well-drained soils. Some of the highest infiltration rates are in the N : ; ; i i fer, May 1974 (from Healy, 1975). " " 8 . A
i 3 tice. This method is feasible even where the potentiometric surface of F 3.—Thickn f th nfin bed O
areas of well-drained porous sand ridges of central and west-central the Floridan aquifer is near or above land surface. The method is 1gure o.—1hic ess o e co ing overlying _ -
26° Florida, which include parts of Orange, Lake, Polk, Pasco, and Her- normally restn%ted to injecting the fresh or treated waters into the the Floridan aqulfer.
nando counties. Because the moderately to fairly well drained areas saline zones of the aquifer to create additional storage of usable water
comprise such a large part of the State, these areas contribute a large or storage of the treated wastewaters. Pressure injection of freshwater
walumme of recharge ey the Bletidan sqiife. : into potable water zones results in little increased storage since the
The thickness and porosity of the near-surface material beneath : ifar i t i iniected
. : : artesian aquifer is already full. Treated v is now inj b
the soil zone affect the quantity of water that can be stored in the into saltwater zones in Dade County and at Margate, and similar
water-table aquifer. In areas of downward gradient, water stored in wastewater di 1 syst are under construction in West Palm
e e e rator il he et sabiooqur,  Beach, Stuart, St. Petersburg, Clearwater, and south of Miami. Oyclic  1jchtler, W R
fer an?i the potentiométric surface of the Floridan are at or near l?md stfspogte i"fresh.watgr e o 1.:he Floridan aquifer is being 1972 Appraisal of water resources in the east-central Florida
5 A rlta et e evaluated in Miami by the U.S. Geological Survey. region: Florida Dept. Nat. Reso Bur. Geology Rept. In
surface perennially, recharge is limited by the “full” condition of the Lastly, any means of increasing the water available for recharge 6181502 : Ilorida Dept. INat. urces, Bur. ogy Rept. Inv. |
aguifgrs. In those areas most of the precipitation is lost to evapotrans- in the hi gh’ recharge areas, such as by interbasin importation of water, , 94 p. L ‘
piration and to surface run-off. . : diversion of runoff to sinkholes, or spreading of treated wastewater, Musgrove, R. H., Barraclough, J. T, and Grantham, R. G. 4
. Where the Koridan aquifer is. overisin by pmfning hect; the would artificially increase the amount of recharge to the Floridan. 1965 Water resources of Escambia and Santa Rosa counties,
thickness and permeability of the confining beds are principal factors However, the amount that recharge can be increased cannot be ascer- Florida: Florida Geol. Survey Rept. Inv. 40, 102 p.
in controlling the amount of recharge to the Floridan from the water- tained without detailed study of an area
table aquifer. The thicker and less permeable confining beds impede ’ Parker, G. G., and others
movement of water between the two aquifers more than the thinner 1955 Water resources of southeastern Florida; with special refer-
and more permeable beds (fig. 3). REFERENCES ence to the geology and ground water of the Miami area: U.S.
Topography and landforms have a distinct influence on recharge Geol. Survey Water-Supply Paper 1255, 965 p. EXPLANATION
of the Floridan aquifer. In general, the highlands, which have the Buono, Anthony ) . i | :
more permeable soils and contain many lakes, depressions, and sink- 1979 Gengralmed t}uckness of the coni:imng bed overlying the Sinclair, W. C. ; o ) : g <l
28° holes, most of which do not have surface outlets, are the principal Floridan aquifer, Southwest Florida Water Management 1977 Experimental study of artificial recharge alternatives in Net decline in feet. <
areas of natural recharge. The lowlands along the coast and through- District: U.S. Geol. Survey Open-File Rept. 79-1171. northwest Hillsborough County, Florida: U.S. Geol. Survey
out the southern part of the peninsula are areas of artesian flow and Healy, H. G. Water-Resources Inv. 77-13, 52 p. 1- 5
therefore are discharge areas where they are not affected by pumpage. 1975 Potentiometric surface and areas of artesian flow of the Stewart, H. G., Jr. 4
. The most rapid means of recharging the Floridan aquifer is by Floridan aquifer in Florida: Florida Dept. Nat. Resources, 1966 Ground-water resources of Polk County: Florida Geol. Sur- D 5-10 ] o
direct rainfall or surface runoff into sinkholes that are directly con- Bur. Geology Map Series 73. vey Rept. Inv. 44, 177 p. 25
nected with the aquifer. Many sinkhole areas have closed-basin topog- § ’ D 10 - 20
raphy characterized by internal drainage and some have numerous Hughes, G. H., Hampton, E. R, and Tucker, D. F. Tibbals, C. H. R\
sinkholes that are open from land surface to the Floridan aquifer. 1971 Annual and seasonal rainfall in Florida: Florida Dept. Nat. 1975 Recharge areas of the Floridan aquifer in Seminole County ©
Recharge through directly connected sinkholes is not as common as Resources, Bur. Geology Map Series 40. x(a}net(i) vicinity, Florida: Florida Dept. Nat. Resources, Bur. - 20 - 40
other types of natural recharge, but in some areas, sinkholes are the X . logy Map Series 68.
principal paths of recharge to the Floridan aquifer. Major areas of Klein, H,, Schroeder, M. C., and Lichtler, W. R. e 2 Average annual rate of ‘
recharge through directly connected sinkholes are in central Polk, 1964 Geology and ground-water resources of Glades and Hendry Vernon, R. O. . i ] . decline in feet. J
north-central Pasco, south-central Hernando, southwestern Clay, and counties, Florida: Florida Dept. Nat. Resources, Bur. Geol- 1973 Top of the Floridan artesian aquifer: Florida Dept. Nat. (< means “less than”.) /
northwestern Putnam Counties. ogy Rept. Inv. 37, 101 p. Resources, Bur. Geology Map Series 56. h o
1Follows usage of Florida Bureau of Geology. The USGS regards the Ocala as a formation Flgure 4— DeCIme 9f po_tentlomemc surfaqe of Flon' o & w
designated Ocala Limestone. dan aquifer in areas of heavy withdrawal _— e s
l l , , , of ground water, 1961-74 (Healy, 1975). ,
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