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Estimating the Magnitude and Frequency of Low Flow at
Gaged and Ungaged Sites e 0001 % 1.0
At a gaged stream site, continuous measurements of low flow over a g k '
INTRODUCTION minimum period of about 10 or more years should be used to determine the annual e 1.0 to 5.0
Surface waters are a significant resource for water use and contribute to grequeqcy and d};l]rapon Ofl low—ﬂolw cond;taqns. Estgnates Off loz—eﬂowdqli)antlées N,
the esthetic quality of many areas in Florida. Streams provide substantial or ga;gmg Sll’?sh aving only parttl_a or periodic recort gc?n o .ter.ll ma % :i)se lon : ® 50to 10
quantities of water for dilution of waste discharges, agricultural irrigation, cRorre aton it CO?C;HTCIHI C(f)]n muous—gagml% records (()ir . ‘“;; nlgar y basins. )
artificial recharge to aquifers, and commercial- and public-water supply. H?currencilmle;va 5 20 LOW low ar_erﬁenera y(f:sstm:the “S;g%l‘ ‘}’2 car S‘.’l'(‘ ty ge B = ® 10 to 20
Knowledge of low-flow conditions is essential for many of these applications. G ogbgralpgg“éa gequgncy ﬁm} Y365, (h omfashan te ll?gerh - "n?g"l‘l an ) =0
Low-flow data also provide information regarding Florida ground-water ( H‘ S, ) a) ?lse ?]n the Og?ll)rlt ms o dt ehannuah'o“{ 0‘;’5-, or "ba y liad G U = & ® 20 to 48
resources, including water-table elevations, the chemical composition of ground ~ Influenced sites where flows can be reversed, the graphical analysis can be applie L V2 9 = g
A : without transforming to logarithms. Several alternative approaches to the Pearson N < 1\ & '\L
water, and areas of ground-water discharge and recharge. : 5 9 0@ 1 Do PY
: . el type III frequency analysis are described by Tasker (1987). The methods used to (0] = LEVY o [ TN \
: . The purpose of this report is to present a general description of low flow  gtimate low-flow quanitiles at a particular gaging site should include consideration V. S & { MARION © @ N £ o/ \
in Florida streams, to summarize methods currently used to estimate low-flow of the length of record, whether the record occurred during a wet or dry period AU —— 7 K o et
magnitude and frequency, and to describe factors causing geographic variations  rejaive to long-term climatic conditions, the presence of trends or serial * A o T ° 1 \ \ [ -
in low flow. This Florida Map Atlas and a previous report in this series by Stone ¢ relation in the record, and the frequency of measurements made at the site. REFERENCES d{ A L ey 5 \ ’ -
(1974) focus on low streamflow in Florida. Rumenik and Grubbs (1996a,b) and Low-flow quantiles are difficult to estimate unless there are at least a few Fernald, E.A, and Patton, D.J., eds., 1984, Water resources atlas of Florida: Tallahassee, € (P . Y '\ ~ Q | T b=\ =)
Hammett (1985) also present detailed information for determining low flow at measurements of low flow at or near the site. Low flow is strongly influenced by Florida State University, 291 p. Ve ] ~ % 3 v —129°
particular sites in Florida. g local factors, many that cannot be determined from maps. When an ungaged stream Florida Department of State, 1974, Rules of the Southwest Florida Water Management & S -EQ S8 VOLUSIA 2.
This report includes low-flow statistics based on analyses presented in site (a site where no streamflow measurements have been made) is located District: Chapter 16 J-O, in Florida Administrative Code, Tallahassee. O Y Y
Rumenik and Grubbs (1996a) for 415 continuous- and selected partial-record upstream or downstream from a gaged site, estimates of low-flow quantiles can be Foose, D.W., 1983, Selected flow characteristics of Florida streams and canals: U.S. b L.
gaging stations. The statistics were determined from streamflow data collected derived using data for the gaged site, drainage area ratios, and flow routing Geological Survey Water-Resources Investigations Report 83-4107, 265 p. 75 g A ® @ Ay
through September 1987. Other studies of low flow in Florida, which are based (Hammett, 1985; Thomas and Stedinger, 1991; Rumenik and Grubbs, 1996b). Hammett, K.M., 1985, Low-flow frequency analyses for streams in west-central Florida: CITRUS S SE 5 B \ O
on fewer years of streamflow data but may cover sites not included in this report, ~ However, each site must be evaluated for the influence of factors, such as spring U.S. Geological Survey Water-Resources Investigations Report 84-4299, 116 p. ) o, (; R
include Heath and Wimberly (1971), Rabon (1971), Stone (1974), Hughes inflow, that can result in large differences in flow between nearby sites on the same Heath, R.C., and Wimberly, E.T., 1971, Selected flow characteristics of Florida streams and 9\, /. QLS L SN
(1981), Foose (1983), and Hammett (1985). stream. In Florida, regionalization, a method for estimating flow quantiles for canals: Summaries of flow duration and of low and high flows at gaging stations: 2 _ § S | ) S
The data base used for this report consists of gaged sites located in the ungaged sites based on basin characteristics (such as drainage area, soil infiltration Florida Bureau of Geology Information Circular 69, 595 p. 5T Ry 2
area north of Lake Okeechobee. The report does not provide information for rates, lake area, and basin slope), has produced low-flow estimates with errors Hughes, G.H, 1981, Low-flow frequency data for selected stream-gaging stations in Florida: ORANGE. @ .
marshes, swamps, sloughs, or areas where stream channels and drainage areas are ~ ranging from about 40 to more than 100 percent, expressed as a percentage of the U.S. Geological Survey Water-Resources Investigations Open-File Report 81-69, i L} @)
poorly defined. The southernmost part of the Florida Peninsula was not low flow at gaged sites (Rabon, 1971; Hammett, 1985; Rumenik and Grubbs, 110 p. 3 o
considered in this report, because that area predominantly consists of the 1996b). A large percent error is often a small absolute error for low-flow estimates; Kenner, W.E., 1969, Seasonal variation of streamflow in Florida: Florida Bureau of
Everglades marshes and developed regions where canals and levees have however, many applications may be sensitive to even small absolute errors. Geology, Map Series 31, 1 sheet. L¢3
significantly altered streamflows. However, low-flow statistics for several canals FACTORS AFFECTING LOW FLOW IN FLORIDA Meadows, P.E., Martin, J.B., and Mixson, P.R., 1990, Water resources data for Florida:
in southern Florida were published by Stone (1974) and by Hughes (1981). In this . : o : . Water year 1990, Volume 4, Northwest Florida: U.S. Geological Survey, Water-Data '/ PASCO kd
report, gaging sites on nonregulated streams are differentiated from “affected” . Low flow in Florida streams is influenced by several factors including Report FL-90-4, 210 p. \_§ - 2.
gaging sites (detailed map; fig. 1) that include streams subject to regulation or precipitation, evaporation, transpiration, topography, and geology. As a result of Rabon, J.R., 1971, Evaluation of streamflow-data program in Florida, U.S. Geological 9
diversion and sites exhibiting statistically significant trends (increasing or the generally subdued topography in Florida, the occurrence of Karstified areas, Survey Open-File Report 70008, 64 p. / R
decreasing) in the annual low-flow time series (Rumenik and Grubbs, 1996a). and extensive coastal area, low flows are affected by swamps, lakes, springs, and Rosenau, J.C., and Faulkner, G.L., 1975, An index to springs of Florida: Florida Bureau of o X @ o
Some of the gaged sites are on minor tributaries that are not depicted on the maps. ~ oceanic tides. Regulation of lakes, streams, and canals, and diversions for Geology, Map Series 63, 1 sheet. V - —128
municipal supply and irrigation also affect low flows. Rumenik (1988) presented Rossman-LA.. 1990 Desien st flows Basedon'b - A S oetiar 0
DESCRIPTION OF LOW FLOW a detailed discussion of factors affecting mean annual runoff for drainage basins o2 el e Sl S b e e i oL Lt ! BREVARD
y : X ; throughout Florida, many of which pertain to low flow. Also, Stone (1974) Rumen';(wk pngllgesei;sRoumf‘; 10 t o lc}gngg‘?elr?llng"dv.(l]m’] ¥, 7i L E i
Low flow is equivalent to base flow or sustained fair-weather flow of presented examples for evaluating the effects of various factors on low flow by XN 260, Kunotf to.streams In Hlorida: Florida Geologieal Sirvey, Map Serjes
streams. In natural-flow streams, low flow is primarily derived from ground- using low-flow frequency curves for specific Florida streams 122, 1 sheet. = =
water discharge to the stream and, to a lesser extent, from delayed surface-water Ranges of 7L2 and 7L10 are shown on the detailed r'nap and in figure 1 Rumenik, R.P., and Grubbs, J.W., 1996a, Low-flow characteristics of Florida streams: U.S. 1 Ff
flow through lakes and swamps. In regulated streams, reservoir releases, waste The low flows range from 0, or sometimes negative flow, to 48 inches for the 7L2 Geological Survey Water-Resources Investigations Report 93-4165, 220 p. v/ INDIAN
discharges, or other sources can contribute significantly to low flow. and to 43 inches for the 7L10. Throughout most of peninsular Florida and parts of Rume"';(’ R.P., and Grubbs, J.W., 1996b, Methods for estimating low-flow characteristics >
Low flow in this report is presented as a “unit flow,” in inches, that is northern Florida, the 7L2 low flow is 5 inches or less: in northwestern Florida, it is of ungaged streams in selected areas, northern Florida: U.S. Geological Survey CVIAN ATE s [
calculated from a volume of streamflow over a specified period of time per unit generally greater than 5 inches. Although rainfall exceeds evaporation across most ~Water-Resouroes Investigations Report 96-4124, 28 p. . Manat [ ]
of surface drainage area upstream. Surface drainage area refers to the drainage of Florida, the difference between rainfall and potential evaporation is higher in Schmidt, Walter, 1978, Environmental geology series—Tallahassee sheet: Florida Bureau L= ef
area defined by the stream network as opposed to subsurface (ground water) northwestern Florida than elsewhere in the State (fig. 2). The highest annual Jof Geology: Map Series 0, 1 sheet, ) . Rive o~
drainage. Drainage area in this report refers to surface drainage area, unless rainfall (64 inches) and lowest evapotranspiration (33 inches) occur in Schmidt, Walter, 1979, Environmental geology series—Pensacola Sheet: Florida Geology D ples L
otherwise specified. The unit-flow measurements represent the depth to which the  northwestern Florida (Fernald and Patton, 1984) so that more water is available to . Map Series 78, | sheet. ) e e \ TS |
drainage area would be covered if the total low-flow volume during the specified  recharge the ground-water system. In addition, the highly permeable surficial Sinclair, W.C., and Stewart, J.W., 1985, Sinkhole type, development, and distribution in ARASOTA
time was uniformly distributed over the drainage basin. For example, the 7-day, deposits (Schmidt, 1978; 1979), well developed and deeply incised stream Florida: Florida Bureau of Geology Map Series 110, 1 sheet. ! !
2-year low flow (7L2) is presented as the total volume of flow during the 7-day networks, and a shallow water table in coastal areas, all contribute to high base Stone, Roy B., 1974, Low streamflow in Florida - Magnitude and frequency: Florida Bureau
period divided by the drainage area of the basin. Drainage area is the major factor  flows in northwestern Florida. The major rivers flowing south into northern of Geology Map Series 64, 1 sheet. ' HIGHLANDS
causing differences in the magnitude of streamflow among sites. By incorporating  Florida from adjacent states are also influenced by conditions outside of Florida. Tasker, G.D., 1987, A comparison of methods for estimating low-flow characteristics of OTOl ;
drainage area into this unit low-flow value, differences in streamflow due to Negative flows (flow in an upstream direction) sometimes occur due to streams: Water Resources Bulletin, v. 23, no. 6, p. 1077-1083.
factors other than drainage area are more easily discernible. For example, in many  wind or tidal influences. Four gaged sites, three on the St. Johns River and one on Thomas, W.0., Jr., and Stedinger, J.R., 1991, Estimating low-flow characteristics at gaging —127°
karstic areas of Florida, surface-water basins do not coincide with the ground- the Waccasassa River, had negative flows for the flow quantiles presented in this stations and through the use of base-flow measurements, in Kirby, W.H., and Tan, GLAD
water basin being drained by the stream. An anomalously high unit low-flow report. Information on effects of wind and tides at specific gaging sites is published W.Y., eds., Proceedings of the United States - People's Republic of China bilateral -
value for a given stream would indicate potential ground-water inflow to the basin  in annual data reports by the U.S. Geological Survey (for example, Meadows and symposium on droughts and arid-region hydrology, September 16-20, 1991, Tucson,
from nearby areas outside of the surface drainage basin; conversely, an others, 1990). Arizona: U.S. Geological Survey Open-File Report 91-244, p. 197-205.
anomalously low value of low flow might indicate ground-water discharge from The extensive karst terrane in Florida, resulting from dissolution of U.S. Environmental Protection Agency, 1986, Technical guidance manual for performing
the basin to areas outside the surface drainage basin. limestone both at depth and near ground surface, and associated sinkholes and waste load allocation, Book VI, Design Conditions: Chap. I, Stream design flow for
The low-flow season differs between northern Florida and peninsular springs, affect low flow in several ways. In areas where numerous sinkholes occur, _ steady-state modeling: Washington, D.C., U.S. Environmental Protection Agency.
Florida (Kenner, 1969) due to differences in the seasonal distributions of the surface-water drainage network is generally poorly developed because water Visher, F.N., and Hughes, G.H., 1975, The difference between rainfall and potential
precipitation and evaporation. Throughout much of peninsular Florida, there are  flows predominantly in the subsurface, often reducing low flows in streams. evaporation in Florida: Florida Bureau of Geology Map Series 32, second ed.,
two low-flow seasons: April through June, when the lowest annual flows Surface-water drainage basin divides may not coincide with ground-water basin I sheet.
generally occur, and November through January. In northern Florida, streamflow  divides, and regions of ground-water recharge can result in substantial discharge
tends to be more uniform throughout the year but with lowest annual flows as spring flow a far distance from the source. Florida has at least 25 first magnitude A
generally occurring during November through January. The climatic year divide ~ (average flow greater than 100 cubic feet per second) and 75 second magnitude N
on the map (Rumenik and Grubbs, 1996a) marks the transition from the (average flow between 10 and 100 cubic feet per second) springs (Rosenau and
occurrence of lowest annual flows in late fall and winter in the north to spring in ~ Faulkner, 1975). Springs tend to decrease the seasonal variability of streamflow,
the south. Low-flow data were analyzed using the April through March climatic ~ and low flows tend to be higher where springs are numerous than in otherwise
year in the north and the October through September climatic year in the southto ~ comparable areas dominated by surface drainage systems. More than 25 percent of
ensure that low-flow periods did not extend through the start (or end) of the springs in Florida occur in the vicinity of the Suwannee River. Spring flow
individual climatic years. constitute_g hthfi maj_ont)% of low ﬂové :in a Eur’?ber of Florida st_reams.b. : 2
e density of streams and depth of stream incision in combination wit —_1ngo
METHODS FOR ESTIMATING LOW FLOW the thickness and pgrmeability of sufrfic?ial deposits also affect low flows. Where 26
e : e deposits have low permeability, rainfall tends to run off quickly, with less recharge
Low flow can be quantified in several ways, depending on the objective p p Y, LOLIqUICK. Y, : g EXPLANATION
of the low-flow study and specific regulations applyying t%e the water use. Indexes 10 the ground-water system and less water to sustain streamflow during dry EXPLANATION b,
e ? A weather. The thickness and permeability of unconsolidated sediments overlying DIFFERENCE BETWEEN RAINFALL
describing the magnitude and frequency of low flows are required by many : p AND POTENTIAL EVAPORATION
Federal and State water-resources regulations limestone strongly affects topography and the development of karst features in B AREA NOT INCLUDED )
¥ Fi ch i Florida (Sinclair and Stewart, 1985). 'l;ihick, permeable surficial deposits, deeply IN STUDY IN INCHES
ow-Flow aracteristics incised streams, and ground-water gradients draining toward the stream provide et .
: A ey optimum conditions for sustaining base flows. The region of the Peace, I{J/Iyakka, Apl;e%)é"ﬂgs CLIMATIC YEAR - 0.0
L‘(‘)W flow is most c_o{r)monly defined by applying a statistical method and Manatee River basins in southwestern Florida is underlain by a thick sequence LOW FLOW - 0to3
known as “frequency analysis” to the lowest annual flows for consecutive-day of relatively permeable sediments, and the drainage networks are better developed i GAGING STATION I:I 310 6
P.CrlOdS, ranging from | day to 6 month_s for each year of record at a stream-gaging and more deeply incised than in adjacent areas. Base flows in these basins are ON
site. f\llalues of l(l’W filOVlV hfang al%pemﬁc probability of OCCU”TUCG are cal%eg higher relative to those in surrounding areas. In areas where the deposits covering NON-REGULATED STREAM - 619
low-flow quantiles. In 1 of every 10 years on average, the annual minimum 7-day he limestone are thin or have low permeabilit inclair and Stewart, 1985),
consecutive low flow will be equal to or less than the 7L10; or, there is a 10 zir(':iinage networks tend to be e:itherP poorly dev><;l(()spetci and characterized bSyS) N G%%gﬁj;gho%&'é;%?gﬁ okid - A
percent chance that the 7-day low flow will be less than the 7L10 in any given numerous sinkholes and lakes, or nonexistent and dominated by swampland near OR TRENDS IN LOW FLOW E 12 to 15
year. In 1 of every 2 years on the average, the annual 7-day minimum will be the coast and in other areas where water tables are high. This minimal development - 15 to 18
equal to or less than the 7L2; or, there is a 50 percent chance that the 7-day low of drainage networks is typical of large areas of Florida from Polk County in
flow will be less than the 7L2 in any given year. The 7L2 was selected for the central Florida to Leon County in northern Florida, as well as in the vicinity of 7-DAY 10-YEAR LOW FLOW, - 18 to 19
detailed map because the 7L2 has a wider regional variability than the 7L10. Jackson County in northwestern Florida. IN INCHES - Area not included
Values of zero flow accounted for only 25 percent of the 7Q2. values, but Lakes and swamps can reduce base flows by increasing water loss e 0to -125 in study
represent 43 percent of the 7L10 values for stations included in this report. through evaporation from open-water bodies and evapotranspiration from wetland .0 —9— LINE OF EQUAL DIFFERENCE —— 25°
Other approaches for characterizing low flow include flow-duration vegetation. Lakes and swamps can also augment base flow through storage, thus BETWEEN RAINFALL AND N
analysis (summarized for Florida streams in Heath and Wimberly, 1971; and delaying stormwater flow through the stream system. Regulation of flows by * 0.001 to 5.0 POTENTIAL EVAPORATION, A
Foose, 1983) and various low-flow indexes restricted to specific periods of the storing water in lakes or reservoirs can increase evaporation losses, but releases e >50 IN INCHES
year (Florida Department of State, 1974; Hammett, 1985). There has been an during dry periods can augment low flows. 100 MILES o
increasir}g use f‘? “biologically based design flows,” derived by using harmonic Signiﬁcafnt increasing or decrfeasing trends in the annual low-flow time 0 0 : 100 MILES A
means of low flows (U.S. Environmental Protection Agency, 1986; Rossman, series were noted for 41 (10 percent) of the gaging stations examined statewide b LR CE R ki
1990), to evaluate contaminant concentrations in streams. However, standardized ~ Rumenik and Grubbs (1996a). Such trends gar% regult from climatic fluctuations o); 0 A0 RLOMETERS g 100 KILOMETERS - = /
methods have not yet been developed for performing frequency analysis on the changes in water use (ground and surface water), land use, or regulation practices. ﬁ s »«:"& -~
harmonic means, and methods for incorporating zero flow values in calculating The possibility of such occurrences should be considered when evaluating low- i > N
harmonic means are still being evaluated. flow records. Figure 1—The 7-day 10-year low flow. Figure 2—The difference between average annual rainfall and
potential evaporation (from Visher and Hughes, 1975).
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