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WATER-QUALITY CHARACTERISTICS OF URBAN RUNOFF AND ESTIMATES OF ANNUAL LOADS
IN THE TAMPA BAY AREA, FLORIDA, 1975-80

By M. A. Lopez and R. F. Giovannelli

ABSTRACT

Rainfall, runoff, and water-quality data were collected at nine urban
watersheds in the Tampa Bay area of west-central Florida from 1975 to 1980.
Watershed drainage area ranged from 0.34 to 3.45 square miles. Land use was
mixed. Development ranged from a mostly residential watershed with 19 percent
impervious surface to a commercial-residential watershed with 61 percent imper-
vious surface. Average biochemical oxygen demand concentrations of base flow
at two sites and of stormwater runoff at five sites exceeded treated sewage ef-
fluent standards. Average coliform concentrations of stormwater runoff at all
sites were several orders of magnitude greater than standards for Florida Class
III receiving water (for recreation or propagation and management of fish and
wildlife). Average concentrations of lead and zinc in stormwater runoff were
consistantly higher than Class III standards. Generally, turbidity and constit-
uent concentrations were higher for rising stages than for falling stages; the
contrast between rising and falling stages was greatest for watersheds with
highly developed street drainage and sewer systems.

Stormwater-runoff loads and base-flow concentrations of biochemical oxygen
demand, chemical oxygen demand, total nitrogen, total organic nitrogen, total
phosphorus, and lead were related to runoff volume, land use, urban development,
and antecedent daily rainfall by multiple linear regression. Standard error of
estimate for the stormwater-runoff load equation ranged from +41 percent of the
mean for chemical oxygen demand to 65 percent of the mean for total organic ni-
trogen. Standard error of estimate for the base-flow concentration equation
ranged from *33 percent for chemical oxygen demand to *60 percent for biochemi-
cal oxygen demand.

Stormwater-runoff volume was related to pervious area, hydraulically con-
nected impervious surfaces, storm rainfall, and soil-infiltration index. The
regression equation for volume had an average standard error of +20 percent and
correlation coefficient of 0.93. Base-flow daily discharge was related to
drainage area and antecedent daily rainfall; the regression equation has a stan-
dard error of 45 percent and a correlation coefficient of 0.94.

-The flow regression equations of this report were used to compute 1979
water-year loads of biochemical oxygen demand, chemical oxygen demand, total
nitrogen, total organic nitrogen, total phosphorus, and total lead for the nine
Tampa Bay area urban watersheds. The computed loads were compared with loads
derived by use of land-use load factors applicable to urban areas in Broward
County, Florida. Results obtained by the two methods differed appreciably in
most instances, but were of the same order of magnitude. A similar comparison
was made of loads computed by use of the screening procedure formulated by the
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U.S. Environmental Protection Agency. Annual loads of total nitrogen, biochemi-
cal oxygen demand, and total phosphorus were estimated for one of the Tampa Bay
area watersheds (St. Louis Street drainage ditch). Loads computed by the screen-
ing procedure were about the same as the loads computed by the Tampa Bay area re-
gression equations for total nitrogen, about twice as great for biochemical oxygen
demand, and about an order of magnitude smaller for total phorphorus. The Tampa
Bay area regression equations presumably reflect the natural high phosphorus con-
tent of streamflow in the Tampa Bay area and the fallout from phosphate process-
ing plants on the east shore of Tampa Bay.

INTRODUCTION

Urbanization is the process of constructing roads, houses, and commercial
and industrial developments on land that was once in a natural state or rural
condition. The major effects of urbanization on water resources are reduced in-
filtration, increased flood potential, and degradation of the quality of receiv-
ing bodies of water. Trash and litter deposited on streets and parking lots,
erosion of exposed ground due to construction, lawn and landscape maintenance,
domestic pet litter, automobile emissions, and atmospheric deposition from indus-
trial and thermoelectric plants have been identified as sources of urban storm-
water loads. These sources of generally distributed substances are grouped to-
gether under the classification of nonpoint to distinguish them from the more
readily identifiable industrial and domestic sewage plant effluents that are
called point sources.

The materials from nonpoint sources are concentrated by stormwater-collec-
tion systems and transported to the receiving waterbodies. The extent to which
these materials affect the quality of water for various uses generally is ap-
praised by measurement of a suite of water-quality characteristics that describe
the condition of the water. Some of the commonly measured characteristics are:
temperature, turbidity, specific conductance, biochemical oxygen demand, chemi-
cal oxygen demand, coliform count, and concentration of chemical constituents.
The substances of primary concern because of their impact on water quality are:
(1) material related to suspended solids, (2) oxygen-demanding material, (3) nu-
trients, (4) bacteria, (5) organics (pesticides and other organic toxics), and
(6) trace elements (toxics). The impacts of the first five are the most obvious
-—turbidity that inhibits light penetration, depletion of dissolved oxygen that
can result in fish kills, enrichment that accelerates the growth of nuisance
plants, the presence of pathogens that restrict contact sports and harvesting
of certain types of shellfish, and fish kills caused by insecticides or herbi-
cides. The impacts of trace elements on receiving waterbodies are not immedi-
ately noticed and may not be noticed for years unless these elements are in the
dissolved phase.

Assessment of the urban runoff problem requires extensive data collection
and analysis of information on land use, rainfall, runoff rates and volumes, and
water quality. Late in 1974, the U.S. Geological Survey in cooperation with the
Southwest Florida Water Management District, Hillsborough County, Pinellas County,
and the cities of Tampa, St. Petersburg, and Clearwater initiated a study to de-
termine the effect of urban development on the quality and quantity of stormwater
and base-flow runoff in the Tampa Bay area. The objectives of the study were to:
(1) assess the quantity and quality of runoff, and (2) relate quantity and qual-
ity of runoff to land use and intensity of development.



A detailed description of the study area, procedures for selection of
watersheds, data-collection sites, data-collection techniques, and a tabula-
tion of data processed through September 30, 1976, are included in a report by
Lopez and Michaelis (1979).

PURPOSE AND SCOPE

The purpose of this report is to describe the water-quality characteristics
of urban runoff in the Tampa Bay area and to provide a method for estimating
loads of substances contained in runoff from urbanized watersheds under existing
and future conditions. A report by Lopez and Woodham (1982) describes procedures
for estimating flood-peak discharges on small urban watersheds in the Tampa Bay
area.

From 1975 to 1980, an urban-runoff data-collection program, including
streamflow, climatic, physiographic, and water-quality data, was established at
nine watersheds ranging from beginning to advanced stages of urban development,
Gaging stations were installed to monitor rainfall and runoff for each watershed.
Physiographic features that consist of size, shape, and slope of the watershed,
type of land use, degree of land use, area of impervious surfaces, type of storm
drainage, soil types, and surface area of lakes or detention-ponds were compiled
from aerial photographs, U.S. Geological Survey topographic maps, planning agency
data, and field observations.

Water—-quality samples were collected during storms to determine the varia-
tion of water quality within and among individual storms and watersheds. Most
samples were obtained during the wet-season months of July through September
when the frequency of storms was highest. Base-flow samples were collected to
provide data for determining loads of various substances transported between
periods of stormwater runoff,

AREA DESCRIPTION

The study area, referred to as the Tampa Bay area, includes Hillsborough
and Pinellas Counties in west-central Florida (fig. 1). Major cities include
Tampa, St. Petersburg, and Clearwater. The land area and population of each
county and city are listed below (Thompson, 1977; Florida Department of
Commerce, 1980):

Areg Population
Name (mi™) (1979)
Hillsborough County 1,038 634,469
Pinellas County 265 725,457
City of Tampa 84.5 275,686
City of St. Petersburg 55.4 240,427
City of Clearwater 22.4 82,905
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The city of Tampa is the largest city in Hillsborough County and contains
nearly 45 percent of the county population while occupying less than 10 percent
of the county land area. The cities of Clearwater and St. Petersburg are the
two largest cities in Pinellas County and contain approximately 45 percent of
the county population.

Parts of Pinellas and Hillsborough Counties, particularly in the cities of
Tampa, St. Petersburg, and Clearwater, are heavily urbanized. Urban develop-
ments are expanding in many other areas of both counties; expansions are planned
for the other areas. The growth rates in the study area are among the highest
in Florida and the nation. Land use in Pinellas County and the cities of Tampa,
St. Petersburg, and Clearwater is primarily residential and commercial. Major
land uses in unincorporated Hillsborough County are residential, agricultural,
and strip mining (Tampa Bay Regional Planning Council, 1977). The region's ma-
jor heavy industrial activity, including several phosphate rock processing and
shipping facilities, is centered around the eastern side of Hillsborough Bay.
Light industry is scattered throughout both counties. For the most part, large
chemical plants, breweries, packing houses, and other industries are confined
to zoned industrial areas. The present tendency is for industrial development
of the bay shoreline areas.

Land Features

The natural shoreline of the Gulf of Mexico consists of many small bays, in-
lets, and marshlands drained by tributary streams. Low, narrow barrier islands
extend north from the entrance to Tampa Bay and shelter much of the shoreline.
Tampa Bay consists of Tampa Bay, Old Tampa Bay, and Hillsborough Bay (fig. 1).
The Hillsborough River is the largest stream draining the region and discharges
into Hillsborough Bay. There are many smaller streams in Hillsborough and
Pinellas Counties that also discharge into Tampa Bay or the Gulf of Mexico.

The main topographic features are broad, coastal lowlands with altitudes
ranging from sea level to 20 feet above sea level and inland areas of intermedi-
ate relief with altitudes ranging from 20 to 75 feet above sea level (Geraghty
and Miller, 1976).

Geology

Hillsborough and Pinellas Counties are underlain by Pleistocene to Holocene
sands that comprise the surficial aquifer wherein the water table in most places
is 5 to 10 feet below land surface. The structure and composition of the overly-
ing soils differ from place to place and influence the amount of runoff, accord-
ingly. The capacity of soil to receive, -store, and transmit water can be express-
eéd by a soil-infiltration index--the maximum infiltration, in inches, that can
occur under average soil-moisture conditions. The index can be determined from
runoff curve numbers as explained in the National Engineering Handbook, Hydrology,
Section 4, page 10.6a (U.S, Department of Agriculture, 1972). A map (from Seijo
and others, 1979) showing soil-infiltration index values, modified from an unpub-
lished map compiled by the Soil Conservation Service, is shown in figure 2,
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The overlying soils in areas extending north and east of Tampa are general-
ly fine grained and highly permeable (Florida Department of Administration, 1975).
Much of the rainfall in these areas where the indexes are 3.89 and 5.38, respec-
tively, infiltrates rapidly; a large part of surface runoff enters sinkholes or
depression areas. In other parts of the study area where the index is 2.05 or
less, rocks and soils tend to be less pervious, and surface runoff moves more
rapidly from these areas into stream channels or drainage ditches.

Urban Development

Urbanization of Tampa Bay area watersheds includes residential developments
with paved streets drained by storm-sewer systems and commercial centers and in-
dustrial parks with large paved parking lots. The impervious surfaces in urban
watersheds include roads, sidewalks, driveways, roofs, and parking lots. Resi-
dential developments have different types of density patterns. Homes in older
urban developments are generally smaller and close together, whereas homes in
recent suburban developments are larger but are farther apart and thus occupy a
smaller percentage of the development. Multifamily residential developments have
a high percentage of impervious surface because of parking lots associated with
apartment complexes.

As urbanization increases, the area of impervious surface and the volume of
stormwater runoff increase, but the time necessary for runoff to occur (time of
concentration) decreases due to channel improvements. Generally, residential
roofs are not directly connected to the storm-drainage system, and runoff from
them flows over pervious areas before reaching the storm-drainage system. Roofs
of commercial or industrial buildings usually drain onto paved parking lots that
have storm-sewer inlets directly connected to the drainage system. Some of the
stormwater runoff from roofs or impervious surfaces that are not directly con-
nected to storm sewers or drainage channels is detained as depression storage.
In these cases, considerable infiltration and evaporation may occur before over-
land flow enters a storm-drainage system. Only a small amount of rain that falls
on impervious surfaces that are directly connected to a storm-drainage system is
retained for surface wetting and depression storage.

Watershed and drainage-system features also affect quality of runoff. Sub-
stances accummulated on paved surfaces that are directly connected to storm-drain-
age systems wash off easily during initial phases of a storm. This results in
high concentrations of these substances in runoff at the beginning of a storm and
decreasing concentrations as runoff continues. Substances adsorbed to or attached
to particulate matter that are evenly distributed in a watershed that has a rela-
tively small area of directly connected impervious surface tend to wash off and
move into the stormwater-drainage system at rates proportional to flow velocity;
the highest concentrations generally occurring near peak discharge.

Climate

The climate of the Tampa Bay area is characterized by warm, humid summers
and mild winters. Temperatures during the summer range from about 70° to 90°F
and winter temperatures range from about 32° to 70°F. The normal annual precip-
itation as recorded at Tampa is about 51 inches. Annual precipitation fluctuates



widely. The lowest yearly total recorded as of 1980 is 28.89 inches, occurring
in 1956; the highest is 76.67 inches, occurring in 1959 (Wright, 1974). Most
rainfall occurs from June through September as a result of short duration, high
intensity, afternoon or evening thundershowers. Rainfall in the fall, winter,
and spring generally occurs from less frequent, long duration, frontal-type
storms. Hurricanes, tropical storms, and tropical depressions produce heavy
rainfall at irregular intervals.

DATA COLLECTION

Nine urban watersheds were selected for the study (fig. 1). Four of these
are in the city of Tampa, Hillsborough County, and five are in Pinellas County:
three in the city of St. Petersburg, one in the city of Clearwater, and one near
the town of Largo, south of Clearwater (fig. 1).

Watershed Features

Land Use

Drainage areas of the selected watersheds range in size from 0.34 to 3.45
mi~. Drainage areas and land use were field-verified in 1980 and were revised
for Kirby Street, Allen Creek, Booker Creek, and Turner Street watersheds.
Drainage~area and land-use percentages for these watersheds supercede data pub-
lished in an earlier data report (Lopez and Michaelis, 1979). Each contains a
different mixture of residential, commercial, industrial, and undeveloped areas
that is typical of urban development in other parts of the Tampa Bay area. Two
of the watersheds (Artic Street storm drain and Kirby Street drainage ditch)
have a soil-infiltration index of 3.89 inches. The remaining selected water-
sheds have a soil-infiltration index of 2.05 inches. Watershed features and
land-use characteristics as listed in table 1 are:

Drainage area.—-—-Area, in square miles, planimetered from U.S. Geological
Survey 7-1/2-minute series topographic maps. Watershed boundaries
were delineated on topographic maps; natural divides were modified
to include or exclude areas where storm sewers crossed the natural
divides, based on information from city and county agencies.

Population density.--The number of persons per acre computed by dividing
the population within the watershed boundary by the watershed area,
in acres. Population was estimated for the period of runoff record
from 1970 census data.

Land use
Roads.--Percentage of watershed area covered by paved roads;

Single-family residential.--Percentage of watershed area covered by
single-family homes;

Multifamily residential.--Percentage of the watershed area covered
by multifamily homes or apartments;

Commercial.--Percentage of the watershed area covered by commercial
buildings and associated parking lots;
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Industrial.--Percentage of the watershed area covered by industrial
buildings and associated parking lots;

Institutional.--Percentage of the watershed area covered by public
institutions and surrounding grounds, such as schools, colleges,
hospitals, and clinics;

Recreational.~--Percentage of the watershed area covered by recrea-
tional facilities, such as parks, ball fields, basketball courts,
and tennis courts;

Open space.--Percentage of the watershed area covered by unused,
undeveloped, or agricultural land.

Urban-Development Characteristics

As land use in a watershed changes from natural or agricultural to urban,
the nature of the drainage system and the land surface of the contributing drain-
age area also change. Channels are altered by realinement or paving and ulti-
mately may be fully enclosed. Realinement often shortens the channel length and
increases the channel slope. Paved streets with curb and gutter replace dirt
roads and roadside ditches. Depressions, ponds, and lakes are connected to the
drainage system to regulate stormwater runoff. Areas taken up by impervious sur-
faces, such as roads, parking lots, roofs, sidewalks, and driveways, increase as
urban development continues.

The average and range in percent of watershed area covered by impervious
surfaces for various land-use types in the study area are as follows:

Impervious surface as

Land-use type percentage of watershed area
AVerage Range

Single-family residential

Low-density (1/2 to 2 acres per

dwelling) 10 3-14
Medium-density (1/8 to 1/3 acre

per dwelling) 20 15-22
Multifamily residential 41 30-68
Commercial 64 35-98
Industrial 50 30-65
Institutional 2 0-5.0
Recreational 1 0-3.5
Open space 0 -

Residential developments having different densities or house and lot sizes
were evaluated separately. All watersheds studied had at least two different pat-
terns of residential density. The older homes were smaller and closer together,
whereas in more recent developments, homes were larger and farther apart. Apart-
ment buildings had the highest percentage of impervious surface for residential
land use because paved parking lots were included.
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Impervious surfaces for commercial, industrial, and institutional land uses
were highly variable and were, therefore, evaluated separately. High schools had
large parking lots and, therefore, larger impervious surfaces than elementary and
junior high schools.

Urban-development characteristics for each watershed studied are listed in
table 2. The drainage-system characteristics (prevalent channel type and preva-
lent street drainage type) are tabulated for the upper, middle, and lower third
of each watershed. The prevalent channel and street drainage types are assigned
index numbers as explained in the footnotes to table 2.

Basin-development factor (BDF) is the sum of all street and channel index num-
bers., Values of BDF can vary from zero to 12. A value of zero does not neces-
sarily mean the watershed is completely natural because watersheds that have all
index numbers of zero may have some housing, streets, and other developmental
features that create impervious surfaces. BDF was found to be highly signifi-
cant in previous studies of urban flood—pegk discharge (Sauer and others, 1981).

Main channel length, in miles, is measured from the streamflow station to the
watershed boundary along the main channel.

Channel slope, in feet per mile, is measured between points 10 and 85 percent
of the distance from the streamflow station to the watershed boundary.

Detention storage (DETA) is the surface area of natural lakes or ponds, deten-
‘tion basins, and retention basins measured from aerial photographs or topographic
maps and listed as a percentage of the watershed-drainage area.

Total impervious surface (TIA) is the area of all impervious surfaces determined
for each watershed and type of land use by measurement of road, sidewalk, drive-
way, parking lot, and roof surfaces on aerial photographs, expressed as a per-
centage of watershed-drainage area.

Hydraulically connected impervious surface (HCIA) is the characteristic described
by Miller (1979) as the area of hydraulically effective impervious surfaces. The
hydraulically connected impervious surface was computed by adding only the area

of those roofs, streets, and paved surfaces that are directly connected to a storm
drain or a street with curb and gutter drainage leading to a storm drain. The
storm drain can be a sewer pipe or drainage ditch. HCIA was determined from aer-
ial photographs and storm-drainage plans. Residential and commercial areas were
selectively field verified. The amount of hydraulically connected impervious
surface is expressed as a percentage of the watershed-drainage area.

Rainfall and Runoff

Rainfall, stream-stage, and discharge data were collected at each study
site from 1975 to 1980. Rainfall and stage data were recorded at 5-minute in-
tervals. Rainfall was recorded to the nearest 0.0l inch. Daily rainfall for
periods of missing record was estimated from rainfall records for nearby gages.
Stream stages were recorded to the nearest 0.0l foot; discharge was determined
from stage-discharge relations based on discharge measurements.
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Table 2.--Urban-development characteristics

Site Prevalent channel typel/ P;:Z;i:;g i;;i_ Basin
no. develop-
(fig. 1) Upper Middle Lower Upper Middle Lower fZizgr—/
third third third third third third
1 3 3 3 1 1 1 12
2 1 1 1 0 0 0 3
3 3 3 3 1 1 1 12
4 3 2 2 0 1 1
5 3 1 1 1 1 1 8
6 3 2 3 1 0 1 10
7 3 3 2 1 1 1 11
8 3 3 2 1 1 0 10
9 3 3 3 1 1 1 12
Main channel Detention I?ie;Zizzztzngzge’
Site storag? drainage area
no. area, in
. percentage
(1. 0 | veen, | sie | oraineee | e | bheth
miles per mile connected
1 1.25 12.3 0 61 53
2 2.40 8.1 3.5 19 5.5
3 1.12 10.2 0 27 9.0
4 1.63 4.6 .9 38 28
5 1.40 23.4 .9 36 26
6 3.20 7.1 .9 41 26
7 3.79 12.1 2.6 32 25
8 1.48 5.5 .4 38 26
9 1.06 23.6 .4 48 33
Note: <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>