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Seventeen shallow wells were installed during the investigation to define Horizontal conductivity of the surficial aquifer in northwest Hillsborough Concentrations of coliform bacteria in samples collected by the U.S. - 40 I T T T T T 4l T i Toal T T | e e T i T T T
o and monitor water levels in the surficial aquifer. Wells ranged from 9.3 feet to and south Pasco Counties was estimated by Sinclair (1974) to be about 13 feet Geological Survey in 1981 were well below the Florida DER limit of 1,000 col-
Lake Carroll, the fourth largest natural lake in Hillsborough County, 24.0 feet in depth and were constructed of 1%4-inch PVC casing with 4 feet of per day. Hydraulic gradients in the surficial aquifer were computed from onies total coliform per 100 milliliters (col/100 mL). The Hillsborough County EXPLANATION
Fjlorlda, 18 the.fourteenth lake to b.e studied in AHELIES of hy drolog}c investiga- slotted well screen. Water-level data collected at 12 area lakes, including Lake water-table contours (figs. 6 and 7). Cross-sectional areas of ground-water Health Department has been monitoring total coliform concentrations in the —— 1947-80 BASED ON ANNUAL MAXIMUM STAGES FOR
tions of lz.ikes in west:central Florld.a. The lake is north o.f Tampa in one of the Carroll, indicate that water levels of nearby ponds and lakes are contiguous flow were determined from water-level data (figs. 6 and 7) and bathymetric lake since at least 1970. Total coliform concentrations have generally been 39 |- ST, =l 40 =
most rapidly developing ar eas of H'Ll.lsbqrough County (fig. 1) T'he firedge and with the water table. Data for the 12 lakes were used with the data for the 17 data (fig. 2). Computations indicate that net ground-water flow from the sur- low, but results of samples for April 1973, July 1975, and August 1979 in- (2] JUNE-MAY CLIMATIC YEARS, 1946-1980
fill 0{’9’?“0“ that accompanied residential development, primarily in the early wells in estimating the configuration of the water table. Two wells open to the ficial aquifer to the lake in May 1981 was about 0.2 ft%/s. This rate of ground- dicated concentrations in excess of 1,000 total col/100 mL (J. Wilhelm, Sri bt g
1960’s, increased the surface area of the lake from 188 to 195 acres. Urban de- Floridan aquifer were measured periodically to determine the altitude of the water inflow would cause a rise in lake stage of about 0.06 foot per month Hillsborough County Health Department, written commun., 1981). Swim- 28°03 30 o) -
velopment in lake basins and resultant demands on area water resources can potentiometric surface of that aquifer. Water levels from these two wells were (ft/mo) over a lake surface of 195 acres. For September 1981, net ground- ming was routinely prohibited for short periods until subsequent samples o 38 EXAMPLE: Stage of 35.0 feet was equaled — I 39 - n
affect lake levels and cause degradation of lake water quality. Existing or im- used in construction of maps showing the altitude of the potentiometric sur- water flow to Lake Carroll was computed to be about 0.8 ft3/s, or about 0.24 showed lowered concentrations of coliform bacteria. - ) - : o
pending prqblem§ with the quality or quantity of.lake water can be dealt with face of the Floridan aquifer in west-central Florida for May and September ft/mo over the average lake surface. The effects of lakeside development on the quality of Lake Carroll waters i or exceeded 62 percent of the time during a
more effeCt{VEIY if management planning and a.ctlons are based on a thorough 1981 (Yobbi and Woodham, 1981; Yobbi and Barr, 1982). Measurements Because historical data on water-table altitudes in the surficial aquifer were could not be evaluated because predevelopment samples were not available. O the period 1947-80. >
understanding of the hydrology of the lake. This report, prepared by the U.S. made from November 1980 to September 1981 indicate that the water levels not available, ground-water flow to the lake was estimated from the com- Water-quality data collected since 1965 do not indicate long-term or continu- o g 38 = —
Geological Survey in cooperation with the Southwest Florida Water Manage- in both aquifers were lowest in May 1981 and highest in September 1981. The puted values of flow for May and September 1981. Analyses of water levels in ing changes in chemical constituents in the lake waters. The effects of increased EXPLANATION i} 37— &
ment District (SWFWMD), describes the hydrology of Lake Carroll and how configuration of the water table and the potentiometric surface of the the surficial aquifer and in Lake Carroll indicate that wet periods which cause surface-water inflow from fertilized residential areas, indicated in the water- LINE OF EQUAL DEPTH TO LAKE BOTTOM = g \‘
the lake responds to natural variations in climate and to development in the Floridan aquifer for May and September 1981 are shown in figures 6 and 7, relatively higher stages in the lake also cause greater ground-water gradients balance analysis, cannot be evaluated, nor can the effects of lengthening the X ) w o EXAMPLE: A peak stage of 37.7
surrounding area. . R respectively. toward the lake, resulting in higher ground-water flow. Conversely, dry lake shoreline during development. Results of analyses of all water samples 1981 —Interval 4 feet. Datum is > a1} 37 - ) )
Lake. Carro'll was one of the first lakes in Hllls.borough County to undgrgo The Floridan aquifer is the primary source of ground water in the Lake periods cause both lower lake stages and lower ground-water gradients collected from the lake in 1980-81, however, are within Florida DER limits for mean lake sta ge for 1947-80. 35.46 8 36 — < feet above sea level will be
extensive residential development. The eastern side of the lake was inhabited Carroll area. Water from the aquifer is a calcium bicarbonate type. Private toward the lake. Estimates of net ground-water flow to the lake were varied Class III waters gl < - agualed oF sxceeded, on the
before 1940. Development on this side can be generally characterized by large residential wells are generally cased less than 100 feet and are usually less with lake stage and ranged from 0.03 to 0.31 ft/mo. The average lake stage feet above NGVD of 1929. = H ’
rgsuientlal lots and low population density. }n 1959, the Carrollwood Subdlv_l- than 200 feet deep. They obtain water from the Tampa or Suwannee during 1952-60 was higher than for 1961-80, so the method of estimating w w 36 — average, about once 5]
sion was started o1 the west and SOUth‘ sides of the lake. As part of this Limestones. The three public-supply wells west of Lake Carroll (fig. 6) are ground-water flow resulted in higher estimates of flow for the first period. Lake Carroll has been the focus of much lakeshore residential development STAGE-MEASUREMENT STATION Lu”_ 35 = > every 5 years.
devel(?pment, lov&.'-lylng SWAIpY ateds adjacent to the lake Wore dgepened by about 500 feet deep and are open to the Suwannee, Ocala, and Avon Park Available water-level data indicate that the four closest gaged lakes—all since 1960. This development caused only a slight increase in the surface area = =
dredging to provide ad'dltl'onal Ia.keShor e property and to provide fill for adja- Limestones. Total pumpage from the wells averaged about 0.77 Mgal/d in upgradient from Lake Carroll—also had lower water levels during the latter of the lake, but increased the length of the lake shoreline from 3.2 to 4.5 miles. QUALITY-OF-WATER SITE AND NUMBER e m
cent lots. Four s%lorelme inlets in the southwestern part of the lake (fig. 2) 1980 and served about 1,150 homes (George Garland, Florida Cities Water period. These data indicate that water levels in the surficial aquifer would also Impervious areas and drainage systems associated with residential develop- L S 35 - =
resulted from thls' developn.ment‘ The stormw.ater drz-u-nage system for‘the Company, oral commun., 1981). be lower during the 1961-80 period, with a subsequent decreased flow from ment may have increased surface runoff to the lake. Variation of stage KNOWN DREDGED AREAS AND MAXIMUM 2 34 | "E
Carrollwood area discharges into the. 1?1_‘9' A private utility company pr(?v1des Water levels shown in figure 6 represent lower than average levels in the the surficial aquifer to the lake. Estimated net flow to the lake from the sur- characteristics that resulted from changes in surface outflow controls is not DETECTED DEPTH = = )
water and wastewater treatment facilities for the Car rollwood area. Residents surficial and Floridan aquifers. Rainfall for the previous 3 months was about ficial aquifer averaged about 0.20 ft/mo for 1952-60 and about 0.17 ft/mo for known. Dredging to increase lakefront property occurred over a small part of o
O.f lake.fr. ont properties on the eastern half of the lal‘(e obtain their water from 6 inches below average. Water levels in the shallow wells ranged from 2.6 to 1961-80. the lake bottom. 34 &
city ut1ht1e§ or private wells and th_e“ wastewater is treated bY septic tanks. 19.7 feet below land surface and averaged about 9.9 feet below land surface. Downward leakage from the lake to the Floridan aquifer was computed as Water-level data indicated that ground-water flow to the lake from the sur-
The 1.66-mi" surface area that drains water to Lake Carroll (fig. 1) has been Water from the surficial aquifer flowed into Lake Carroll along most of the the residual from the water-balance equation for months of negligible surface- ficial aquifer is much greater than flow from the lake into the surficial aquifer. 1000 FEET 3 -
?ltered by urban growth from Tampa, but does not include any heavy lake perimeter. Water-table gradients toward the lake ranged from 0.008 ft/ft water inflow and outflow. Computed rates of downward leakage varied Lake Carroll is contiguous with the surficial aquifer, and water levels in the | | o i ] | | | e EN | | |
industry. . . on the north and west sides of the lake to 0.002 ft/ft on the south side. Water seasonally; they increased during the dry spring months when the differential surficial aquifer and the lake remain higher than the potentiometric surface of 33
Several Geological Survey reports have discussed the Lake Carroll ares; from the lake flowed laterally in the surficial aquifer toward Boat Lake in the in head between the water table and Floridan aquifers was greatest and the underlying Floridan aquifer. Vertical movement of water between the sur- | | 1ol L 13 15 e 3 4 5 678910 20 30 40 50
but detailed studies of the lake basin have not been done. Lake Carroll is in southeast and toward Lake Eckles east of Lake Carroll. Maximum water- decreased during the wet summer months when the differential was the least. ficial and Floridan aquifer systems is downward from the lake and surficial 32 I l | l l = L
the western part of an area where.a general hydrogeologic investigation is be- table gradients were toward Lake Eckles and were about 0.002 ft/ft. The sur- For 1952-60, downward leakage ranged from 0.03 to 0.43 ft/mo and averaged aquifer to the Floridan aquifer. 0 10 20 30 40 S0 60 70 80 20 100 RECURRENCE INTERVAL. IN YEARS
miconducted lgss;)evg:rt antd(i\glllsss) S W Ste:s.'artt. (Iijtsh C;leoé(r)gllca! Sufrfvegr > ficial aquifer supplied water to the lake through more than 90 percent of the about 0.23 ft/mo over the lake surface. Downward leakage to the Floridan Water-balance analyses were conducted to evaluate the relation of the lake g
oral commun., - Dtewar! LSO S P atEC L e IVED ORI e BECSS lake perimeter. The altitude of the potentiometric surface in the Floridan aquifer during 1961-80 ranged from 0.04 to 0.44 ft/mo and averaged about to the hydrologic surroundings. Analyses were done for two periods: 1952-60, RCENT OF TIME INDICATED STAGE EQUALED OR EXCEEDED THAT SHOWN Figure 9.—Peak-stage frequency relation for Lake Carroll.
of pumping from the Floridan aql.nfer in northwest Hl!lsb(?r(.)ugh County, and aquifer beneath Lake Carroll ranged from about 19 feet above sea level at the 0.27 ft/mo. The average values of downward leakage were considered to be considered to be predevelopment; and 1961-80, during major residential PE gur g q y
Stewart and Hughes (197'4) studied 'the effec'ts of mamtammg lake levels_ by south end of the lake to about 25 feet above sea level at the north end. representative of all months during each of the time periods analyzed. development. Results of water-balance analyses indicate that evaporation, Figure 8. —Duration of daily stages for Lake Carroll, 1947-80 and 1971-78.
water pumped from wells in the Floridan aquifer near the Section 21 well field Throughout the study area, the altitude of the potentiometric surface of the Net surface-water flow was estimated as the residual component in the net surface-water inflow, and downward leakage from the lake to the Floridan
(fig. 1). Sinclair (197?) reported on the hydrogeology of 'the S}"flcml aqulfer.of Floridan aquifer was lower than the water level of Lake Carroll or the water water-balance equation using the average values of ground-water flow and aquifer were greater during 1961-80 than during 1952-60. Precipitation,
am, ared about 5 m..xles nortth‘es.t of Lake Carroll. S“}da“ (1?77).3150 il table in the surficial aquifer. downward leakage computed for periods of no surface flow. All months in ground-water inflow, and surface-water outflow were greater during 1952-60
vestigated alternatives for artificial recharge of the Floridan aquifer in north- Figure 7 presents altitudes of the water table in the surficial aquifer and the both time periods were considered. Attempts to separate the net surface- than during 1961-80. The combined effect of these changes resulted in
west Hillsborough County, as well as sinkhole development in the same area potentiometric surface of the Floridan aquifer for September 25, 1981. Water water flow into inflow and outflow components were not successful. Such generally lower lake stages after 1960. Lake stages at four other gaged lakes 42 T I T T T T T T 42 T T T T T T T T T T T T T T
(Sinclair, '1981). Le.gke. Magdalene, 2 miles north of Lake Car.roll, is the subject levels in the surficial aquifer ranged from 1.2 to 15.2 feet below land surface computations would require daily information on rainfall intensity and near Lake Carroll were also lower after 1960. Lakeside development had less
of an earlier description of lake hydrology by Hunn and Reichenbaugh (1972). and averaged about 6.2 feet below land surface. In September, water from downstream water levels. Calculations indicate that surface-water outflow effect on lower lake stages than did regional changes in climate and ground- — - 40 - —
Murphy and others (1984) included Lake Carroll in a report on the 1979 Lake Carroll was still flowing outward in the surficial aquifer in the vicinity of from Lake Carroll during 1952-60 averaged 0.31 ft/mo more than surface- water levels.
flooding in nctrthwestern Hln§b0T ough and southern Pz.isco Counties. Boat Lake, as it was in May 1981. The water-table gradient between Lake water inflow. After 1960, surface-water inflow increased and surface-water Water-quality data for Lake Carroll prior to 1960 are not available, so 38 |- . £ _
The Geological Survey publishes annual reports that include data on water Carroll and Lake Eckles, however, reversed. Summer rains recharged the sur- outflow decreased, which resulted in more water flowing into the lake than effects of development on the quality of water in the lake cannot be assessed. o
levels for lakes, ground-water levels, streamflow, and water-quality data for ficial aquifer and formed higher water levels at well number 12, adjacent to out of the lake. For 1961-80, net surface-water flow to the lake averaged Vertical profiles of dissolved oxygen, temperature, specific conductance, and o
many S“rface‘wat?r and gn.)und-v.vater sites. Semiannual Water'le".el maps Lake Carroll. Because of the higher levels, ground water in the surficial about 0.72 ft/yr. pHindicate that the water in the lake is well mixed vertically. Although concen- 2 = = g 26 = . =
that show the regional configuration of the water table and potentiometric aquifer flows toward Lake Carroll west of well number 12 and toward Lake Results of water-balance computations are present:id below for 1952-60 and trations of nitrogen and phosphorus species provide sufficient nutrients for o 2}
su.rface of Fhe Floridan §qu1fer are also P}'OdUCEd by. the Geological St}rvey . Eckles east of the well. The altitude of the potentiometric surface of the 1961-80. As noted previously, values below are estimates based on climatic nuisance-level populations of aquatic plants, water in Lake Carroll meets all o — 9 B \_ - —
Chl. 1.135010.8“31 data published by the Natlonal Oceanic ar}d‘ ACmOSPheTIC Ad- Floridan aquifer beneath Lake Carroll ranged from about 25 to 30 feet above and hydrologic data available at the time (1981) of the investigation. Values State criteria for surface waters used for recreation and wildlife propagation. bl e e e 8 EXAMPLE: Volume at mean
nnmstrat19n (NOAA) were also used in 'the study. Additional rainfall data sea level and remained lower than the water level of Lake Carroll or the sur- are yearly averages for each component. Volumes are expressed as feet of S : ) 32 |- stage of 35.46 feet is A
were provided by the SWFWMD, the city of St. Petersburg, and the U.S. ficial aquifer. water over the average lake surface of 195 acres: (0] stage of 35.46 feet is [a]
Forest Service. Chemical and biological data were provided by the Because water levels in the lake and surficial aquifer are higher than the 3 ) 2 (>D about 2,080 acre-feet.
SWFWMD, Hillsborough County, the Florida Department of Environmental potentiometric surface of the Floridan aquifer, leakage through the confining : Khange Precipi- Evapora- Florida Department of Environmental Regulation, 1979, Rules of the Depart- w RESUS 358 SXeo0y o Z = —
Regulation (DER), and the Florida Department of Natural Resources (DNR). layer is from the lake and the surficial aquifer downward to the Floridan Period in = tationil — . tin ment of En\.nronmen.ta.l Regplatmn, water quality standards, Chapter > il
Data for nearby lakes, ponds, wells, and climatological stations were used aquifer. Upward leakage from the Floridan aquifer generally does not occur in stage 17-3, in Florida Administration Code: Tallahassee. o & > 28 | 4]
to assess the relation of the lake to ground-water levels, the levels of other the vicinity of Lake Carroll. The rate of downward leakage from the lake and 1952-60 +017 = 4.85 - 4.02 Gaggiani, N.G., and McPherson, B.F., 1978, Limnological characteristics of 9(: ®]
lakes, rainfall, and evaporation. The lake bottom was sounded by fathometer surficial aquifer is dependent on the permeability and continuity of the confin- 1961-80 -.09 = 4.62 - 421 Cypress Lake, upper Kissimmee River basin, Florida: U.S. Geological = <] ﬂ L 2
and by hand sounding weights in January 1981 and contours of the lake bot- ing layer and the relative altitudes of the lake and surficial aquifer and the Survey Water-Resources Investigations Open-File Report 77-45, 1 sheet. w o
tom were drawn (fig. 2). A network of 17 shallow wells was installed in potentiometric surface. Lowering the potentiometric surface by pumping or o Net ground- _  Downward  Net surface- Hunn, J.D., and Reichenbaugh, R.C., 1972, A hydrologic description of Lake w Gi
November 1980 to help define water-level altitudes in the surficial aquifer ad- deficient recharge would increase downward leakage and possibly result in Poriod water flow leakage —  water flow Magdalene near Tampa, Florida: Florida Bureau of Geology Map Series T = w 24 - o
jacent to the lake. Included in this network for monitoring water levels in the lowered levels for the lake and surficial aquifer. Lakes within 5 miles of Lake 49. o . = o = -
surficial aquifer were 12 ponds and lakes in the surrounding areas. Existing Carroll have been significantly affected by large withdrawals of water from Beeit -+ 4l ~ i o L Kohler, M.A., 1954, Lake and pan evaporation in water-loss investigations: ™ = =z [ —
water-level and water-quality data were analyzed and adgitionrﬂal water- the Floridan aquifer. Long-term water levels for the Floridan aquifer adjacent L =2 = .24 + 12 Il;ake H2e6f;ler ;tsudies, technical report: U.S. Geological Survey Professional g oo i a i
quality samples were obtained between September 1980 and April 1981 to to the lake are not available, so changes in relation between the lake and J T ; aper 269, 138 p. 28°03 00 = - I —
help assess the chemical and biological characteristics of the lake. potentiometric surface cannot be evaluated directly. However, changes in staTh: :flzz:,is;g:)te;s:l:zzeaﬁizag::]?nznﬁcz ﬁeasg:;:r:la;ogg;ﬁioif;ati Kohler, M.A., Nordenson, T.J., and Baker, D.R., 1959, Evaporation maps for ’5 2 20
downward leakage can be estimated indirectly by means of water-balance 196% hiikithe feshing wasmeb continnonus defta TR - iod. Precinita: the United States: U.S. Weather Bureau Technical Report 37, 5 sheets. L
; ; : " JSHT peLioe, TeN Menke, C.G., Meredith, E.W., and Wetterhall, W.S., 1961, Wat - & -
analyses as shown in a later section of this report. tion after 1960 averaged 0:23 foot: less o hati i J : enke, C.G., Mere , B.W., an etterhall, W.S., , Water resources
ged 0.23 foot less for each year than in the earlier period, : iy 5 i
5.5 ; : . . ;i of Hillsborough County, Florida: Florida Geological Survey Report of
Lake Carroll is in northwest Hillsborough County adjacent to the northern while evaporation from the lake averaged 0.19 foot more. Ground-water in- Investigations 25, 101 p 9] 6 |
city limits of Tampa (fig. 1). Almost all lakefront property on Lake Carroll has flow to the lake decreased while downward leakage increased. Ground-water Mills. L.R.. and Lau,ghlin C P. 1976. Potentiometric surface of Floridan '
been developed, and future growth in areas adjacent to the lake will probably The bottom configuration of Lake Carroll was mapped January 1981 using flow to the lake after 1960 averaged about 0.39 foot less each year than in the a;;ui fer’May 1975, an ci chan,ge of ’p otentiometric surface 1969 to 1975, | | | 1 | | | |
be slight. Residential areas adjacent to the lake consist entirely of single- data obtained by recording fathometer and physical soundings. The lake 1952-60 period, and downward leakage from the lake averaged 0.48 foot more Southwest Flori da, Water Management District and adjacent areas: U.S, 14 20 &0 100 140 80 b~ _
family residences, but apartment or condominium development has occurred stage during collection of bathymetric data was 34.68 feet above sea level. than during the earlier period. Net surface-wfat.er flow to tfhe lake increased by Geological Survey Water-Resources Investigations 76-80, 1 sheet. 220 269 a0 40 | | | | | |
on several nearby lakes. Depths shown in figure 2 and discussed in the following paragraphs have more than 1 foot per year, but was not sufficient to maintain lake stages at Murphy, W.R., Evans, R.P., and Whalen, J.K., 1984, Flooding in northwestern 12 ! L | 1 ! | I !
Land surrounding Lake Carroll is a karst topography of unconsolidated been adjusted to represent lake depths at a stage of 35.46 feet—the average the 1952-60 altitudes because of the combined effects of climate, decreased Hil]:;borough and south‘ern Pasco Cc;unties Flotida, in 1979: 11,5, Geologi- AREA OF LAKE. IN ACRES (0] 4 8 12 6 20 24 28 32 34
sands and clays underlain by thousands of feet of permeable limestone and stage of the lake since 1947. ground-water inflow, and increased downward leakage. cal Survey Open-File Report 82-96, 13 sh(;ets. " ,
dolomite. Much of the surrounding land is internally drained and is pitted The bottom of Lake Carroll is characterized by a number of irregular, Although lake stages declined after lakeside development began, there is no Sinclair, W.C., 1974, Hydrogeologic characteristics of the surficial aquifer in Figure 10.—Stage-area relation for Lake Carroll.
with sinkholes and sinkhole lakes that were formed by collapse or subsidence natural depressions with a maximum measured depth of about 21.3 feet (bot- indication that this development caused the lower stages. Development of northwesty Hillsborough County, Florida: Florida Bureau of Geology In- VOLUME, IN HUNDREDS OF ACRE-FEET
of surficial sands and clays into solution cavities in the underlying rock tom altitude, 14.2 feet above sea level). Figure 2 shows four depressions that storm-drainage systems and impervious areas probably accounts for part of formation Circular 86, 98 p. 8 .
(Sinclair, 1981). Lake Carroll was probably formed by coalescence of several are greater than 20 feet in depth. Samples of bottom material collected the net increase in surface-water inflow. These impervious areas may also Sinclair, W.C., 1977, Experimental study of artificial recharge alternatives in Figure 11.—Stage-volume relation for Lake Carroll.
eroded depressions caused by this dissolution activity. Typical sinkhole throughout the lake reveal a firm bottom of fine sand where depths are less have caused a decrease in infiltration of rainfall to the surficial aquifer that northwest Hillsborough County, Florida: U.S. Geological Survey Water-
depressions are discernible in the lake bottom. than about 10 feet. A thin, black layer of very fine, loose silt and organic resulted in lowered ground-water levels and less ground-water flow to the Resources Investigations 77-13, 52 p.
Land-surface altitudes in the Lake Carroll drainage basin range from about material is found below depths of 10 feet. The layer increased to unknown lake. The lower rainfall and higher evaporation after 1960 affected lake stages 1982, Sinkhole development resulting from ground-water withdrawals I I I I I I [ I [ [ | | | | 1 |
33 to 60 feet above sea level. The land surface north of the lake slopes generally thickness in deeper areas. directly, but also affected water levels in the surficial aquifer and Floridan in the Tampa area, Florida: U.S. Geological Survey Water-Resources
toward the lake. Surface drainage to the west of Lake Carroll is to Sweetwater Areas of apparent dredging were detected along much of the lake shoreline aquifer. As mentioned previously, the four closest gaged lakes to Lake Carroll Investigations 81-50, 19 p. Calcium Bicarbonate
Creek (fig. 1). Areas to the east of the basin generally drain internally into during collection of bathymetric data. These areas are indicated by cross- were also lower after 1960. Although long-term water levels in the Floridan Stewart, J.W., 1968, Hydrologic effects of pumping from the Floridan aquifer
several sinkholes (J. W. Stewart, oral commun., 1982). ) hatching in figure 2, but some were not contoured because of the highly ir- aquifer near Lake Carroll are not available, data indicate that the increase in in northwest Hillsborough, northeast Pinellas, and southwest Pasco Magnesium Sulfate
Lake Carroll has no streams flowing into it. Surface inflow to the lake is regular bottom elevation. Many small dredged areas were probably downward leakage from the lake is probably a result of regionally lower Counties, Florida: U.S. Geological Survey Open-File Report FL-68005,
limited to intermittent storm-sewer drainage from the north, west, and south undetected during collection of data. The dredged areas were generally at altitudes of the potentiometric surface of the Floridan aquifer, rather than a 241 p. : ; i
and to overland flow during periods of heavy precipitation. Almost all surface least 30 feet, but not more than 100 feet, from the shore. The dredged areas condition specific to the Lake Carroll area alone (Stewart and others, 1971; Stewart, J.W., and Hughes, G.H., 1974, Hydrologic consequences of using Sodium Chloride 0 .80 — .04
drainage is from residential areas. Only a few small citrus groves remain near comprise a small percentage of the lake bottom and range in depth from less Mills and Laughlin, 1976). Ground-water withdrawals from the Floridan ground water to maintain lake levels affected by water wells near Tampa, = g
the lake on the east side. Commercial development in the basin is very limited than 10 feet to about 26 feet. Maximum detected depths in these dredged aquifer throughout the region have increased since 1960, but the relative ef- Florida: Florida Bureau of Geology Report of Investigations 74, 41 p. Potassium Carbonate < <
and there are no industrial areas. Surface drainage to the lake from most of areas are noted by spot depth readings shown in figure 2. The inlets in the fects of a drier climate and increased ground-water withdrawals on water Stewart, J.W., Mills, L.R., Knochenmus, D.D., and Faulkner, G.L., 1971, o o
the northern part of the basin would occur only during extreme wet periods. southwest part of the lake were excavated from marshy ground in about 1959 levels throughout the entire region is beyond the scope of this report. Potentiometric surface and areas of artesian flow, May 1969, and change (O] (O]
Surface outflow from Lake Carroll is southward through culverts, ditches, to a maximum depth of about 10 feet. Lakeside development may have increased surface-water inflow to the lake, ; : ‘. ; bt 4 |
: : : " ' ol ; of potentiometric surface 1964 to 1969, Floridan aquifer, Southwest APRIL 30, 1981 -l
and ponds to White Trout Lake (fig. 1). Surface outflow from White Trout Comparison of 1956 and 1969 Geological Survey topographic maps and but this inflow had less effect on the stage of Lake Carroll than did regional Florida Water Management District, Florida: U.S. Geological Survey —— MAY 27, 1970 = =
Lake enters Channel H and travels southwest about 4 miles to the confluence aerial photographs taken in 1957, 1960, and 1963 indicates that the lake changes in climate and ground-water levels. Hydrologic Investigations Atlas HA-440, 1 sheet. ! = e = o
of Channel H and Sweetwater Creek. Channel G then conducts surface flow shoreline was altered during residential development in 1959-60. The size of U.S. Department of Commerce, 1947-80, Climatological data, Florida, monthly eag Z W = L
west and south for 4.3 miles to Old Tampa Bay. Lake Carroll was increased from 188 acres to about 195 acres. Increase in . and annual summaries, 1947-80: National Oceanic and Atmospheric Ad- = = =3 =
; ; i e . : e < > > =l
a;e:}; a? iresult o ex?ﬁ/atngxx B ;)nl e;iihl;l tlil:ksov.}llthwest and souifhl?ast arefa; Water-quality data for Lake Carroll have been collected intermittently ministration, National Climatic Center, Asheville, N.C. N < =l Z
of the lake, was partially offset by g lakeshore property with materi ; codi U.S. Water Resources Council, 1976, Guidelines for determining flood-flow O o
dredged from the lake bottom. Creation of the inlets did not significantly af- since June 1965. Periodic samples collected from 1965 to 1971 were analyzed : A . : s = 9 w
The study area has a subtropical climate characterized by mild, dry winters oot Tea e Tt ot t.he longtis of the Take; shomelitesron; 8,2 riiles for nutrient and major ion concentrations. Specific conductance and frequencies: Hyd{ology COmml.ttee Bu!letm no. 17, Washington, D.C. |<—( lél_..l = a
and warm, rainy summers. Average monthly temperatures range from 60°F prior to deveiopment to about 4.5 miles by 1963, Increasing the siloreline temperature data have been collected periodically since June 1967. Water- Wgtzel, R.G., 1975, meology:.Phl.ladelphla,'PA. W.B. Saunders, 743 p. = <
in January to 82°F in August. The average annual temperature is 72°F. maldabon - e .the . t}i,al % ;ie e 45 At quality data prior to 1960 are not available to assess possible changes that Winter, T..C,, 1981, Uncertainties in estimating the water balance of lakes: c E
Average relative humidity in the study area is about 74 percent. Rainfall dur- . 'ani};n d McPherssn 1978) 8 4 resulted from lakeside residential development. To assess the present American Water Resources Association, Water Resources Bulletm Paper = =
ing winter months is generally the result of broad cold fronts that move south The stage of Lng{:e ool liurs heein somiboredabinee i THdE. Mowih sad physical, chemical, and biological characteristics of the lake, water-quality no. 80123, v. 17, no. 1, p. 82-114. ] ; o =
or southeast across the study area. Rainfall during summer months is usually el egs Yo 150 sve Biesintad I Houks 8 Tiils Stacs sosdins are samples were collected three times during the 1980-81 period of investigation Yobbi, D.K., and Barr, G.L., 1982, Ground-water levels in selected well fields O )
the result of convective thunderstorms and is of greater magnitude than rain- apeiE P ol Y Sas e g (tables 1 and 2). Results of those analyses were compared with previous and in west-central Florida, September 1981: U.S. Geological Survey = =
;i A : g available from 1965 to the present (1982). The frequency of readings from . : . ; Open-File Report 82-261, 2 sheets (@] o)
fall in the winter. These frequent, rapidly moving thunderstorms often 1946 16 1065 rangse from daily to eilar monthls rendisiy, Moo stase of water-quality data to evaluate possible changes or trends in chemical i% P! , : ] O
generate heavy rainfall that may differ substantially for areas only a few s G o e B P > characteristics since 1965. The samples collected in September 1980 and Yobbi, D.K., and Woodham, W.M., 1981, Ground-water levels in selected O
miles apart. S oo s Berd o eas DR A00VE Bed leve, S il shage January and April 1981 were analyzed for a much broader range of constit- well fields and in west-central Florida, May 1981: U.S. Geological Survey
: : : : - o of Lake Carroll since 1946 is 40.08 feet above sea level, which occurred in 4 & i
In choosing data from rainfall stations for use in this investigation, prox- o i ; uents than previous samples and provided a more romprehensive data base Open-File Report 81-1106, 2 sheets.
ey . 7 : September 1947 (from floodmark). Minimum daily stage of the lake occurred
imity of the stations to Lake Carroll was considered more important than March 20. 1 Fenthe lak P for Lake Carroll water.
1 hof il tiniity offercdb distant, lone-termstati on March 20, 1957, when the lake stage was 32.35 feet above sea level. Thus, In Se b 3 Sl 1 bt
engt of record or the continuity o: .ere y more distant, long-term stations. the range in stage since 1946 has been 7.73 feet. n September 1980, water-quality samples were collected from two sites in
flzamfa]l data for 1947-8Q—the period of stage record for Lake Can'oll—z:u'e Figure 8 represents stage-duration curves for the period of record 1947-80 t'he lake to assess vanablht}:' of water-quality characterlstlcs-(smes C1 an'd C2, Factors for converting inch-pound units to International System . )
om several sources. Rainfall data for 1947-66 are from the NOAA station and for th ; ; : fig. 2). Samples from each site were analyzed for concentrations of nutrients, ; s : | | | | 1] | | | | | ] | | | | | Total nitrogen, as N Total phosphorus, as P
3 X e period 1971-78, a period of low lake levels. For the period 1947-80, . A ; of units (SI) and abbreviations of units
operated at Bay Lake, 1.5 miles northwest of Lake Carroll. Rainfall records i Tl wis Highior than 36,00 Toot 62 bergent of the thile, wherens-daring the phytoplankton, chlorophyll-a and -b, chemical and biochemical oxygen 09 08 06 04 0.2 0 02 04 06 08 09 ; :
from the U.S. Forest Service station 1.0 mile northeast of the lake were used et e 8t 135, p 8 ring demand, major jons, metals, and selected pesticides and herbicides. Vertical Multiply By To obtain - - - - - £ ¢ & o : . Total organic nitrogen, as N . Total orthophosphorus, as P
. : . -78 period, it was higher than 35.00 feet only 19 percent of the time. The : - n
for the period 1970-80. For the intervening years, 1967-69, the closest median stage for 1947-80—the level exceeded 50 percent of the time—was profiles of conductivity, temperature, dissolved oxygen, and pH were also inch (in) 25.4 millimeter (mm)
available rainfall stations were the St. Petersburg Cosme rainfall station, 7.5 shout 355 feek sbove sea level and coinpides. closely with ths megm, or determined. Results of the analyses indicated that differences between water- foot (ft) 0.3048 meter (m) |
miles northwest of Lake Carroll, and the NOAA station at Tampa, 6.0 miles —— s b SR s s Tovel : quality parameters at the two sites were insignificant, and subsequent sl ol 1' £ il CONCENTRATION, IN MILLIEQUIVALENTS PER LITER Figure 13.—Concentrations of nitrogen and phosphorus species for Lake Carroll,
southwest of the lake. Rainfall at Lake Carroll for these 3 years (1967-69) was A ; ey : samples were collected only at site C2. The sampling site did not have a e ; omsetae (el September 1980, J 1981, and April 1981
: ¢ - . Figure 9 presents the frequency distribution of annual maximum stages for ; . . : . . : : : f C 11 eptember , January , and Apr .
estimated by regression of rainfall data at the Cosme and Tampa stations L permanent marker, and measured depths varied from one sampling date to mile, square 2.590 kilometer, Figure 12.—Relative concentrations of major chemical constituents in water from Lake Carroll,
; : : ake Carroll based on peak stages for 1946-80. The curve was computed by i o : : : (mi?) km? :
with data at the Bay Lake and U.S. Forest Service stations. the log P 101 £ alysis (U.S. Water Re Conmeil the next, which indicates the samples were obtained from slightly different Lull square (km?) June 1965, May 1970, and April 1981.
A al rainfall in the Lake Carroll area from 1947 to 1980 was e I Pearsim iy pe fon ety An yais (U5, Water Resoyrces Conncil, ! i foot 0.0929 U "
verage annual rainfall in 1976). As th 1 5 9 indicat flood st £37.7 feet ab ocations. square toot per E square meter per 2 8002 30
55.82 inches. Figure 3 lists the annual precipitation and shows departures i i it DU S R e e Vertical profiles of dissolved d conductivi day (ft%/d :
precip P level will be equaled or exceeded on an average of about once every 5 years ertical profiles of dissolved oxygen, temperatutg, pH, and conductivity ¥ ) day {m/d)
from the average for each year. Precipi'tation was belqw average for '2(.) of ‘the A culvert at the Lake Carroll outlet has stop logs to contral outflow, bul; were collected on each sampling date. Temperature, pH, an.d dissol\{ed oxy- cubic foot per 0.02832 cubic meter per Table 1.—Selected physical, chemical, and biological characteristics of Lake Carroll, 1965-81
34 years. The driest year was 1956, w'1th only 36.0§ 1.nch.es of precl;{lt,atlon. they are currently (1982) effective only during periods of above-average lake gen decrefised with depth. Decreases of pH and concentrations of dl.ssolv.ed second (ft3/s) second (m®/s) Figure 2.—Aerial photo map of Lake Carroll and surrounding areas. e ' ;
The wettest year was 1979, with 87.40 inches of precipitation. Approximately m Outfl il whion Tiake Omicll and the it ds b oxygen with depth are expected because of decreasing photosynthetic activ- allon gl 0.008785 bi £ 3 [All values are total concentrations in milligrams per liter (mg/L) unless otherwise noted]
60 t of the rainfall occurred from June through September each year e s gl TE S R e et e e i ith depth and ab. f air- In S ber 1 B & ; Eifele metee (i ]
PELCELL € raul Bh e = Lake Carroll and White Trout Lake rise above an altitude of about 35.5 feet Ay "WAKE fEDER anel. dbeenid of Wi ool g b Sepiesiben 1999, million gall 0.04381 bi
when rainfall from the typical afternoon thunderstorms averaged about 8 s < 4 : ’ temperature readings decreased from 31 °C to 28°C, pH decreased from 8.8 to 9n B ons per : cubic meter sper Criteria for
inches per month. Rainfall during the rest of the year averaged less than 3 above sea level. Outflow during periods of higher stages is controlled by con- 6.8 units, and trati f dissolved & d froth 8.4 to 4.4 day (Mgal/d) second (m®/s) 40 B || e F L L ey I [ | N e P R G 82°30° 82°29’
: pe ; g e & strictions at culverts and ditches and by the water levels of the two bt et el R S D S e e A e 5 L ¢+ oo ® ~|lo ' m ® 6 o~ a0 ol T oo v o W' s o ol w o' o'w o o'o'o'w Characteristic 6-07-65 5-23-66 5-16-67 2-28-68 5-20-68 11-15-68 527-70 5-04-71 9-10-80 1-22-81 4-30-81  Class III
inches per month. The greatest rainfall recorded in a single month was 19.55 disvnstss Horts aid Whits Tvint Laks. Martailition of the 5ul s non- milligrams per liter (mg/L) with depth. Specific conductance averaged 163 degree Fahrenheit (°F) (°F-32)/1.8 degree Celsius (°C) © = 0 ©ld ¥ N & 5N O © ¥ 98 =N Q © = 0 0 ©@ 4 § @Y 0 0o @ = & & 0 ¥ % o i waters
inches in August 1979. Several months during 1947-80 had no rainfall. trol on Whit ep Trout Lake can also affect t;utﬂowpfrom Lake Carroll micromhos per centimeter (umho/cm) and showed little variation with depth. National Geodetic Vertical Datum of 1929 (NGVD of 1929).— A geodetic datum I 8 3 2 3 2 © 8 :— : g 8 © ® 2 g 8 g % 8 3 : 2 8 g © ':r e 9 5 6 3 g S g—‘ 5 41,
Estimated evaporation from the lake is based on data from class A evapora- Peak stages and stage-duration curves for Lake Carroll are depe;ldent o Temperature, conductivity, and dissolved oxygen profiles for January 1981 derived from a general adjustment of the first-order level nets of both the 2] 45 Lake stage, in feet above sea level 34.36 35.50 34.10 34.94 33.66 36.22 35.74 33.32 35.98 34.54 34.05
tion pans at several NOAA climatological stations. Pan-evaporation data for the amotint of stirface cutflow from Take Carroll toward White Trout: Lake. showed relatively constant values of 12°C, 185 umho/cm, and 10.0 mg/L, United States and Canada, formerly called mean sea level. NGVD of 1929 % 30 N 2 1.1 440 Depth in feet — — — — — - — - 20 14 13
1952-58 are from the NOAA station at Bay Lake. Pan-evaporation data for The outflow culvert from Lake Carroll was enlarged and lowered approx- respectively; pH was 7.2 units at the surface and 7.8 units near the bottom. In is referred to as sea level in the text of this report. %) ANNUAL PRECIPITATION = © Secchi disk depth (m) — — — — — — — - 2.38 3.47 3.84
1959-80 are the average of five NOAA stations throughout Florida, chosen imately 1 foot in 1960, but outflow prior to this time may have been depend- April 1981, concentrations of dissolved oxygen ranged from 9.1 mg/L near Z » o 8 Turbidity (NTU)2 _ _ _ _ = - I, A 2 2 3 50
for their distribution and consistency of data: Gair.xesville, Lisbon, Lake ent on conditions downstream from the culvert. Other changes in the outflow th'e surface to 7.1 mg/L near the 13-foot deep bottom. Temperature decreased > IN INCHES ( 1947-80 ‘i.% Lipsey g8 _\Lake-Ellen Drive J .2 Turbidity fmg/L as Si05) o _ _ 1 . _ I ' . = _
Alfred, Vero Beach, and Belle Glade. Two of .the stations are north of Lake system have probably occurred since 1947 as residential development pro- with dept:h from 26°C to 24°C, and pH ranged from 7.3 units near the surface = 20 AVERAGE, 55.82 INCHES ) © Color (platinum-cobalt units) 3 10 10 10 5 5 0 = = o =
Ca{'wll, two are south of tht_e la_k.e, and one is on approximately th.e same gressed. The effects of these changes on the duration of daily stages or on to 6.7 units near the bottom. Conductivity fluctuated slightly but averaged HILLSBOROUGH w @] o Temperature ( °C) — — 29.4 13.0 31.0 = 30.0 27.0 30.0 12.0 25.0
latitude east of the lake. Variability and magnitude of pan evaporation was annual maximum stages of Lake Carroll are not known. about 200 ymho/cm throughout the profile. Based on these vertical profile COUNTY- % » Specific conductance )
n(.)t fiependent on latitude. Average evaporatlox} .from these stations was Stage-area and stage-volume relations for Lake Carroll are shown in figures data, water in Lake Carroll appears to be well mixed vertically. = 6 (pmho/cm at 25°C) 164 168 188 211 272 164 176 210 167 185 200
w1t.hm 5 percent of the Bay 'Lake data. A coefficient of 0.78 was used to 10 and 11, respectively. Data for these relations are from bathymetric data To assess changes in concentrations of major chemical constituents in o LA~ of 1.2 e 38'6 ot U Lake pH (units) 6.7 6.7 6.8 7.0 6.4 6.2 7.0 = 7.5 7.5 7.
estimate annual lake evaporation at Lake Carroll from pan-evaporation data. and Geological Survey topographic maps of the surrounding land surface. At waters of Lake Carroll since 1965, the results of samples collected in June E 10 - e 2.85"\_ 27.5 Eckles Biochemical oxygen demand (BOD) - — — — — — — — 0.6 — 1.0
Monthly pan-to-lake coefficients rar'lged from 0.67 in February to 0.88 in July the mean stage of 35.46 feet above sea level, Lake Carroll has a surface area of 1965,. May 197'0, and April 1981 were graphically fompa.red .(flg. 12). Very lit- w (-g) ; EXPLANATION Chemical oxygen demand (COD) - T - ! _ - e - 120 s s
and were based on pan-to-lake coefficients for Lake Okeechobee, Fla. (Kohler, about 195 acres and contains approximately 2,080 acre-feet of water. Area tle difference in relaftlve concentrations of 'chexm.cal constlg;uents. for these o 28°03' [C a» s 1 Observation well in surficial aquifer. Total phytoplankton (cells/mL) — — — — — - - — — 2,800 18,000
1954, P 128). . . » and volume relations do not include the pond that is connected to Lake Carroll three san}ples 13 evident. Th&} Water.type is basically calcium blcarbor'nate Zz 5190 aE; ® Shows number of well and altitude Chlorophyll-a (ug/L) - - - — — — —_ — 4.88 1.60 —
ESFlmate(% lake evaporation for 1952-80 ranggd from 44.8 u_lches in 1957 to by a canal in the southeast corner of the lake. sulfate, with sodium and chloride also important components. Concentrations ©] -®j41 15 EH 35.5  of water table in feet above Chlorophyll-b (ug/L) - —_ — - — - — - 0.000 0.000 —
53.4 inches in 1977. The average lake evaporation was 49.81 inches per year. of sulfate in 1981 are slightly higher than in other surface waters in the area, : 0 3 20 < NGVD of 1929. Total organic carbon = = o = e = e == 7.3 = 4.8
This amount is in agreement with the estimated 50 inches per year evapora- but show little increase over the 1965 and 1970 concentrations. Possible - ] : i i i 9 - e i - — 1
4 : : — ® : Dissolved solids (residue at 180 °C) 116 130 110 108 106 30
tion from shallow lakes in Florida by Kohler and others (1959). Monthly sources of sulfate include wet or dry fallout of atmospheric sulfur dioxide— o 35.7 33‘5 Surface-water gage. Shows altitude Dissolved solids (sum of
average evaporation losses from the lake range from about 6.0 inches in May Evaluation of major sources of inflow to and outflow from a lake provides from combustion of sulfur containing fossil fuels—and surface runoff and o 35 lg i Bt kel fost abows BEVE. of T92H. constituents) 87 91 96 — 122 90 92 — 91 i 107
to about 2.3 inches in January and December (fig. 4). an understanding of the relation between the lake and its environment. This ground water from fertilized lakeshore areas. Lake Carroll is in a coastal area ] - d " : i o o -
SR T : 5 : °an! Y- o 10 4 © Public water-supply well Dissolved solids (tons/acre-feet) 0.12 0.12 0.16 0.18 0.15 0.15 0.14 0.18
water-balance analysis indicates the relative importance of various com- and sodium and chloride concentrations in the lake may be due to ocean salts 82°32 82°28 a : Alkalinity (as CaCO3) 16 16 16 18 21 16 21 s 14 — 19 20
ponents of the hydrologic cycle and how natural variations or manmade transported inland by wind and precipitation. =] 70' ef" 3' is ¢ i 35—Water—-table contour. Shows altitude Bicarbonate (HCO3) 20 20 20 22 26 20 25 - —_ = 23
. . . P @ ee S %
Take Commill snd thy suvtouudins s, she ndaia by fhees wringioa] changes can afft.ect t}}e quantity of .wa%ter entering and leaving the lake. The Samp.le.s collected in September 1980 were analyzed for concentrations of SECTION 21 of Yhis. £5int of water table. Contour interval 5 Calcium (Ca), dissolved 13 14 16 — 18 15 14 = 16 = 17
g Y P P 5 s
hydrogeologic units that affect lake hydrology: the uppermost layer of sand chemical and biological characteristics of the lake can be altered by the 25 pesticides and herbicides—aldrin, chlordane, DDD, DDE, DDT, diazinon, WELL FIELD feet. Datum is NGVD of 1929. Carbonate (as CaCO3) A . 0 0 - i 0 = - — 0
dlrp, anidl Greanse vatRrl, velened o Zs ths su;' ficial :pui g disyc ontinuousy relative quantities of each component of the hydrologic cycle. dieldrin, endosulfan I, endrin, ethion, heptachlor epoxide, heptachlor, -20 Chloride (C1) djssol\?e d 18 17 19 _ 27 20 17 _ 19 2 21
e e'r of relatively 4m ek:meable ratariale Thatiae tqas a,confinin i The stage and volume of water in Lake Carroll fluctuates in response to malathion, methyl parathion, methyl trithion, methoxychlor, mirex, PCB, 15— Potentiometric contour. Shows Fluoride (F) ,dissolved 0.1 0.2 0.2 _ 0.3 0.1 0.1 - 0.1 _ 0.2 5.0
be}r’leath the surficiil l:ﬁfer' anil ths extonsive setios:ot pormeakl hn'gl ty precipitation, evaporation, surface-water inflow and outflow, exchange of PCN, perthane, silvex, toxaphene, 2, 4-5; 2, 4-D; and 2, 4, 5-T. Only diazinon 4| l I altitude of potentiometric.surface of Hardrioss (c‘arbonate) 46. 48- 55' 60 6 4' 59 48 _ 51 ) 54
e L :;g} con’finin 1 eer kno‘;mse ;ﬁs 3 pel = tlf Flis'gne water between the lake and surficial aquifer, and downward leakage to the and 2, 4-D, were detected in the samples. Concentrations of total diazinon I l l l r l I I I ' I I ! l ! ‘ ' ' | I I l I = f ! ! Floridan aquifer. Contour interval 5 i il s v el 30 39 a8 42 43 35 28 1, 37 il 35
i, The phiysiost chiras terisfic:}(’) o i uni:s a(:lcd t‘:ei arl:la tiin tor::azz Floridan aquifer. The water balance of Lake Carroll can be expressed by the were 0.01 microgram per liter (ug/L) at both sites. Concentrations of total 2, o a0k AVERAGE STAGE FOR 1947-80, ] feet. Datum is NGVD of 1929. Magnesium (Mg), dissolved 3.3 3.2 3.6 = 45 3.4 3.2 .. 2.7 = 2.8
other and Lake Carroll determine the quantity of ground water that flows into fellowingrequntion: “1)1 i ’etslf til?“ %1 ]‘38’ Ta " b“:’ . ?"“cen"rtfl‘%‘f‘ °ﬁt°.ta1 ﬁsé'}? i g LAKE CARROLL 35.46 FEET ABOVE NGVD OF 1929 . ~— Direction of ground-water flow in Potassium (K), dissolved 3.9 46 40 - 45 2.6 3.8 = 2.7 = 2.5
the lake or the amount lost by the lake to the ground-water system. Change Precipi E Surface- Surface- wfelooe OV/VL tet al(;n 4-51D fepaélmenni) :vuonmir;r th %'u o a5 ) ST L _ 28°02 surficial aquifer. Silica (Si), dissolved 0.3 0 0.3 — 0 0.6 0.4 0.2 0.5 — 0
The materials that extend from land surface and lake bottom to the in = etC.IP" e EVAPOTER . o o sps L ahtee ;). an't:lgfor (; : - ord ass 111 wai irsf_f'wl? n; wi?dh?fre(;i;e 'dor];ecrei: < L Sodium (Na), dissolved 8.7 9.2 9.2 - 15.0 9.5 9.0 — 9.7 — 12.0
underlying confining bed comprise the surficial or water-table aquifer (fig. 5). volume auon. Sl inflow outflow Ir £ of Enp‘ upaga :‘;;1 ;I;gunlla:}agex?;lg OR lls 1a7.3 Th (;‘l (.);I aDE‘;%):r ('B (@) | Sulfate (SO4), dissolved 30 32 34 — 38 29 32 oo 32 — 40
The thickness of the surficial aquifer in the Lake Carroll area ranges from 10 e one D | e Blande A [a) 0 1000 2000 3000 4000 FEET Aluminum (Al, ug/L) - - — == - - = = 40 = == 1,500
to 50 feet and averages about 35 feet adjacent to the lake. The fine to very Ground- Ground- Down- s} S BOAle MAFONIGINRERERRAE (e Dacone 2P l : ; = - Arsenic (As, pg/L) — — — — — — — — 3 — o 50
fin 1L : ) ; : o Samples collected from the lake in September 1980 were also analyzed for 28°05' |- X & = . ]
e, well-sorted sand near the land surface contains some organic materials + water — water —  ward ‘ i < Barium (Ba, pug/L) = = = = = — = — 100 — —
and ranges in color from white to dark brown depending on the degree of infl fl concentrations of selected metals (table 1). Concentrations of all metals were = : Beryllium (Be, ug/L) il B B B & _ _ _ 0 B _ 11
SR 3 p g &r plow outflow leakage below Florida DER limits for Class III waters. Only iron, manganese, and w Figure 6.—Configuration of water table and potentiometric surface of the A » K8
organic staining. Clayey sands and thin lenses of clay are encountered at ; : o S 2 R 1 Cadmium (Cd, ug/L) — - — == = — = = 0 = — 0.8
: sth o . ; PN . strontium had been sampled previously. The results of the 1980 sample zZ h A Floridan aquifer, May 21, 1981. : 1 50
TIeS Siiven, it & geiiens’ aemenrse nohay. genbent willvdpth (Sicin, (974, Precise information on each of these components would require a more in- analyses de not show significant change in concentrations of these metals. o w Q Ad 1 A Chromium (Cr, ug/L) - A — B o B B B - _ B )
Underlying the surficial aquifer is a layer of dense clay, marl, sand, and tensive investigation over a longer period of time and is beyond the scope of The srscilic conductance of Like Carrollwater Dol tuatad betwees 105 1 L o Cobalt (Co, ug/L) - - - — — — = = 0 = —
limestone (Sinclair, 1974). The low permeability of this clay-predominant 4 st e " P R . o 5 I < Copper (Cu, ug/L) s e pest & - e 5 = 0 = = 30
this report. Complete definition of the ground-water flow components, for ex and 311 umho/cm for the 56 periodic determinations made since June 1965 - PP ) g
i i ini ici i i : SRR 7 : = issolved 0 0 20 — 0 - — = — = —
material causes it to act as a confining bed between the surficial aquifer and ample, would require a more extensive network of deep and shallow wells, as 2 h 2 ® Iron (Fe, ug/L), dissolv:
hewaderloine Flosid if d ical : ; 5 g The mean value of all determinations is 205 yumho/cri Analyses of the data do ouw 34 1.000
e underlying Floridan aquifer and retards vertical movement of water be- well as laboratory and aquifer testing to more accurately define the material not indicate any increase in specific conductance siv ce 1965 nor any correla- suw Iron (Fe, ug/L) = b = 20 = 160 A = 30 = = .y
tween the two aquifers. Where the layer is thin or absent, the potential for and hydraulic characteristics of the surficial and Floridan aquifers. By relying tion with stage or time of year. ; i o Lead, (Pb, ug/L) — = = =5 = = = = 0 = e 30
exchange of water between the aquifers is increased. Thickness of the clay on accepted techniques and findings from other hydrologic investigations, ; ; ; h . z = Manganese (Mn, ug/L), dissolved — - 0 - 0 — = - = = —
In e hand0fect b hiclkn tilalce s Nitrogen and phosphorus are essential nutrients ior plant growth. An ex a8
yer may be more than 40 feet, but average thickness near the lake is about 8 however, estimates of the water-balance components can be made. The . loisi h s il d Manganese (Mn, ug/L) - = i oy = o - EF 10 i =y
feet (fiz. 5). G sl ithe thickn £ th fining bed i fr g . . cess of both nutrients can lead to explosive growth of aquatic plants an ake o
ek hg. 6. g e SEsS bl ey LCreases Ion West following results should provide valuable information to both water algae that cause esthetic and ecological problems. Possible sources of Eckles 32 B Mercury (Hg, ug/L) = B g 5 i = = - 0.1 5 - %2
to east. Test borings about 5 miles northwest of Lake Carroll confirmed the managers and users. Prudent readers should realize the limitations of the nitrogen and phosphorus species in Lake Carroll water are lakeside septic 1946) 47 | 48 | 49150 | 51 |52 | 53 | 54 | 55 [ 56 | 57 [ 58 | 59 | 60 | 61 |62 | 63 | 64 [ 65 [ 66 | 67 | 68 [ 69 | 70 | 71|72 [73 |74 | 75 (76 [ 77 [ 78 | 79 [1980 g Molybdenum (Mo, pg/L) - - — - - — — — 1 - —
presence of the confining bed at 47 of 59 test holes (Sinclair, 1974). The con- data used in the analyses and should conduct future data collection, manage- 5 . o it roll < 44.80 Nickel (Ni, pg/L) - - - - - - - - 1 = - 100
& ¥ £ th Giine bod b h lakes : tanks, runoff from fertilized areas, atmospheric precipitation, decomposition i B e & ke El Drive . i
1guration of the confining eneath the lake is not known. The configura- ment actions, or investigations accordingly. of plant debris, and atmospheric nitrogen that is fived by blue-green algae. Figure 3.—Month-end stage of Lake Carroll and annual departures from long-term average precipitation for the Lake Carroll area, 1947-80. L Lake Ellen Dr Strontium (Sr, pug/L), dissolved o - 80 A 0 = ek - 70 = —
tion suggested in fxgur.e 5 cm{ld result from'coll{ipse or subsidence of surficial Surface-water inflow to Lake Carroll is intermittent and dependent on Concentratio;xs of nitrogen and phosphorus species in Lake Carroll water a Vanadium (V, ug/L), dissolved - - - - - — — = 1.0 = o
materials caused by dissolution of underlying limestone. ) antecedent conditions and the magnitude and intensity of precipitation. were determined for samples collected in 1980 and 1981 (table 2). Results of BIP ¥ jes Zinc (Zn, pug/L) = = = = — — — — 10 — - 30
Uncl.erlymg t%xe oemele mi; liedh i mevis of pesmedile lenione aad Surface-water outflow is also intermittent and is dependent on lake stage and nutrient samples from 1965 to 1971 are insufficient to define previous u¥1 (s} 1
dolomite formations that extend for several thousand feet below land surface. physical controls in the outflow channel. Ground-water inflow and outflow : : . e . ~ W % Rules of the Florida Department of Environmental Regulation, Water Quality Standards, Chapter 17-3.
The tptiekmbat fomnationisthe Tampalimestons followed by the & AL : nutrient concentrations. Nutrient concentrations in samples collected in 1980 © ~ e 2 . ey .
Feome Pi Tocte Fales (& tar O P: i 5 : wed by the Suwannee, refer to water exchanged between .the lake and the surficial aqu1f.er. and 1981 are generally within the range of concentrations determined in TAMPA 7 0 % 0 Nephelometric Turbidity Unit.
: a, . von 19&21 s = e lsy, ldsmar, anc edair Seys hrfr:estorl:def (Menke Downward leakage refers to water leaking downward through the underlying samples collected from 1965 to 1971. Figure 13 indicates that organic " ° = 5 |
;r;le:cterf:sa;n i are).kno:vs: co(;lz(::ilitrselra:sgihl:l?glz:iggnwaai? ferom locene to confining bed to the Floridan aquifer. Upward leakage from the Floridan nitrogen dominated the total nitrogen concentrations in samples collected in STy LI Annualiaverage =49.81 inches g 8 k- EXPLANATION
s cop e e y e e qf_ ‘al. " aquifer to the surflﬂ?.l agmfer and the lake dqes not occur bec-ause the water 1980 and 1981. The ratio of orthophosphorus te total phosphorus was N T [0) e 15 Observation well in surficial aquifer.
o topolHE AT ate0 Jonent the surfici aquiier, ranges level in Lake Carroll is higher than the potentiometric surface in the Floridan variable. £ % 0 A’ 28°03 ® Shows number of well and altitude
from 1 tfo 20 feet. bel;)lw lan% S};rlface ufl thg w;lmty of t}l:e lake. Regional move- aquifer. ) Taxonomic identification if algal populations was determined for samples A 2 1] % 87.9  of water table in feet above Table 2.—Concentrations of nitrogen and phosphorus species in Lake Carroll, 1965-81
ment of water in the surticial aquifer is from north to south (Yobbi and The monthly water balance of Lake Carroll was evaluated for the period Hected f Lake Carroll . % d April 1981. C hyta (blue- o ® 0 NGVD of 1929. :
Woodham, 1981; Yobbi and Barr, 1982). The configuration of the water tabl : : i Golloctel. fam A s L I8 Ay aud (o « L NE T [In milligrams per liter]
am, ; 1Oobbl and barr, - e CONIZUTAtIoON OF the water tabe 1952-80. Incomplete stage record and lack of appropriate evaporation data green algae) constituted 89 percent of the total algal population in January Channel G FEET ; = H
genexcily Sllaws Whanopegeaphy. Bechage of webee o Hasa el ol i prior to 1952 made water-balance analysis prior to this date impractical. Two and 99 percent in April. Cyanophyta algae can fix atmospheric nitrogen, in- » FEET 12 3 4 5 6 1 3?9 Surface-water gage. Shaws altituds
primarily by rainfall, but water is also supplied by lateral movement from periods were selected to evaluate possible changes in the water balance of the crease nitrogen concentrations in the lake, and compound nutrient problems. Egypt w 50 50 -9 of lake in feet above NGVD of 1929. Constituent 6-07-65 52366 5-16-67 520-68 11-15-68 52770 5-04-71 9-10-80 1-22-81 4-30-81
lakes, by infiltration of irrigation water, and by septic-tank drain fields. lake caused by lakeside and area development. The first period, 1952-60, was . . ’ s : e Lake 3] . -
Wat fr 1 Sl soitor is b o o1 ; . Anacystis (also earlier known as Microcystis) was the dominant organism in > © Public water-supply well. Nitrogen, total (as N) - _ — _ _ o — 0.61 0.74 0.43
ater movement from the surficial aquifer is by evapotranspiration, later considered to be a predevelopment period. The second period, 1961-80, was both samples. Wetzel (1975, p. 299) indicates that dorninance of Anacystis is a 28°00' 1 = Nk i sl h
movement to lakes and streams, withdrawals from wells, and downward during a period of residential development. ot s stic indicati X o Tk Total = — s : itrogen, organic
loskaime thtouiakth Ering bod to the Flosdan ifor. W in th N . biological characteristic indicative of nutrient excess in lake waters. Tot: - 40 — Water-table contour. Shows altitude (as N) o, X " . = 0.38 0.71 58 67 40
f? : a?ge - oug_f the con 'mmgb' to tb‘la oridan aquifer. Water mdt' SfShr: Stage and climatic criteria were established to insure that unmeasured com- phytoplankton concentrations are presented in table 1. EXPLANATION 5 NGVD NGVD of water table. Gontour interval 5 Nitrouen. dissolved. oraanic ;
fck 1 oottt by dsitegs Rten sitot ch septis ik Bocunro pt ELL00 O 1 Pt ek womlk be apafife. Dioec o Lol Aquatic weeds in Lake Carroll have been considered to be a problern by area e 2 o Y s fet, Eistuatfa NAUR of f5d. fasN) s Pl T e a e e 2 a9 a9
i ki ot y e g e hp . . outflow controls, for example, surface-water outflow was negligible if lake residents and have been treated by applications of herbicide since at least Area shown in flgur e 2. o . x Ammonia total (as NH,) o s - o s o = 03 04 04
hese factors, water from shallow sand-point wells that are open t(? the sur- stages were less than 36.5 feet above sea level through 1960 and less than 35.5 1970. In 1970, area residents funded an extensive herbicide application on ) 2 20 — Potentiometric contour. Sﬁows ia, oo 4 i " -~ i 4 o
ficial aquifer is generally used for lawn irrigation and not for domestic supply. feet after 1960. Initially, surface-water inflow from storm-drainage systems Lisks Catroll. The Hillshoreugh Contity Bnvitost sl Protection Coapiis: Surface dralnage boundary. < altitude of pf)tentlometrlc.surface of A{nmoma, 1sso v;o(as NHy) — = = L E .04 .20 =
v hose 2 nhion, Thim oretiotalbte e st el S5 SR e Inniey e e 1 f i ion sh in fi 5 . me0 e oot Datum o NGVD of 1926 - ° Nitrate, diseolved (2 NO ) 000 040 000 150 020 00 .00 00 20 00
& . .. . . . . - ] - 10T 2 SSOLV as . . B8 . . . .
less than 2.0 inches. This precipitation criteria was increased gradually to 6.0 impact of herbicide treatment. Low concentrations of dissolved oxygen and L_A. ine o ge.Ologlc section shown in figure o. ee u £ gyt 3 o 0 ks N b _ E 3 & &
iiches g moyth vellhnk iy Sigpitinan change in water-balance cox'nputa- high concentrations of chlorophyll, orthophosphate, nitrate, and conductivity Small solid circles are wells. <—Direction of ground-water flow in Nitrite' dissolved (as NO,) . P T _ s 01 01 00 00 00
Black and white copies Yona. Aunreximetily 40 pesoat of 2l pouths fesoiof Gis tw partods o were found at one of four sampling sites, probably resulting from decomposi- N ; 28°02’ surficial aquifer. phosp};orus total (as P) ’ — - = .02 = 03 02 02 01 03
£ thi b analyses met these stage and precipitation criteria set to assure negligible tion of aquatic plants (Roger Stewart, Hillsborough County EPC, oral com- ® Prempltatlon station. -100 -100 Phos horus, dissolved (as P) s - _ o . -l o 02 01 02
0 s report may be surface-water flow. i diti d to be localized'and bably short P 8
. . mun., 1981). This condition appeared to be localize -and was probably shor Orthophosphate, total (as P) . . [ . o e, - 01 00 01
purchased from: T}.le amoutx)xt of £ ound-water ﬂo]‘; to o from .the lakg from the surficial term. The Florida DER has permit records for herbicide applications since 0 1 2 3 4 MILES 00 e (l) 10?0 2090 30[00 40100 FEET or thophosphate’ e _
Open-File Services Section i SRR D RS L 1974 when permits were first required. e . = : : e e 1° 0 1 2 MILES (as P) ’ — 04 0 - - 01 01 00 00 01
Western Distribution Branch ’ i MR d oLt L L )
5 Q = KIA Fi ¥ s ki
.S. 1 gure 1.—Location of Lake Carroll and adjacent area and line of . . . : . : . . :
goi Sf)iozlggj;:deizf‘ggnter where : . . geologic section A-A’, Figure 4.—Estimated average monthly lake evaporation Vertical scale greatly exaggerated Figure 7.—Configuration of water table and potentiometric surface of the
) Q = Discharge, in cubic feet per day, for the Lake Carroll area for the period 1952-80. : o - Floridan aquifer, September 25, 1981.
Denver, Colorado 80225 K = Horizontal conductivity, in feet per day, Location of section is shown in figure 1

(Telephone: (303) 236-7476)

= Hydraulic gradient, in feet per foot,

I
A = Cross-sectional area through which the water passes,
in square feet.

Figure 5.—Generalized geologic section.
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