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EXECUTIVE SUMMARY

The overall objective of the work described below was to develop technically-
defensible estimates of total nitrogen {TN], total phosphorus (TP} and total suspended
solids (TSS) loadings to Tampa Bay for existing conditions, defined for this study as
1985 through 1991. In addition, TN, TP, and TSS loadings for other time periods,
including historical/benchmark [circa 1940), "worst case” {mid-1970's), and future
conditions (circa 2010) were made.

Five categories of potential major sources of TN, TP, and TS5 loading were identified.
These included nonpoint sources (stormwater runoff and base flow), point sources
{domestic and industriall, atmospheric deposition (wetfall-rainfall and dryfall-dust,
delivered to the open water estuary), groundwater, and fugitive emissions
{unpermitted losses during handling and shipping of phosphate rock and fertilizer
products). Loads from these sources were developed alded by the use of Geographic
Infarmation Systemn (GIS) mapping and analytical techniques. The contributions from
each source to the total load to Tampa Bay were estimated using the methods
described below. Measured data were used to develop these estimates to the
greatest extent possible. In those cases where measured data were not available,
madeling techniques or other methods of estimation were used,

For nonpoint source loads from gaged portions of the watershed, measured
streamflow and water quality data were used to develop manthly TN, TP, and TSS
loading estimates. An empirical hydrologic model was developed using measured
streamflow from tributaries in the Tampa Bay watershed. This model was used 10
estimate monthly flows from portions of the watershed with no streamflow data
(ungaged areas), based on land use composition of major subbasins, current month's
rainfall, and two previous month's rainfall. Measured and modeled flows for major
subbasins were apportioned to specific land uses, based on literature values of runoff
coefficients and land use-specific water quality concentrations. Using these results,
total nonpoint source TN, TP, and TSS |loads to the estuary were estimated.

Point source contributions to the total load were estimated by using monthly operating
records from Florida Department of Environmental Protection and US Environmental
Protection Agency permitting files. Monthly flows and effluent quality data for direct
(surface water] discharges were used to estimate monthly TN, TP, and TSS loads.
Indirect discharges were estimated using permit file data and the results of an analysis
of local groundwater monitoring data from land application sites.

The wetfall component of atmospheric deposition loading was estimated using
measured rainfall quantity and chemistry data. Dryfall contributions to the total
atmospheric load were estimated using ratios of wetfall to dryfall that have been
developed from extensive monitoring within the state.
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Groundwater loads were based on previously developed estimates and additional
measured groundwater guality data. Fugitive emission loads were estimated based
on data provided by the phosphate industry and local governmental agencies.

The pollutant loading estimates developed in this work will be used as input for the
Tampa Bay MNational Estuary Program (TBMEP) statistical modeling project
(Implementation of Modeling Strategy). Using these watershed-based pollutant loads,
the statistical modeling work will investigate potential relationships between nutrient
loadings and in-bay water quality (primarily nitrogen and chlorophyll concentrations,
as they relate 1o eutrophication processes]. These loading estimates will also be used
as input for the Tampa Bay Box Model project, currently being completed for
Southwast Florida Water Management District (SWFWMD) Surface Water
Improvement and Management (SWIM), which is also examining the response of
Tampa Bay water quality to pollutant loading levels.

Additionally, estimates of land use-specific TN, TP, and TSS loadings were developed
for individual subbasins, to establish priority areas for nonpoint source pollution
control. This subbasin prioritization will be used by on-going TBNEP projects to
investigate the effectiveness, and potential maximum treatment levels, of best
management practices for individual subbasins and land uses.

In this report, loading estimates were compared to examine relative differences
between existing, historical ("benchmark®}, "worst case,” and projected future
loadings to the Tampa Bay estuary and tributary system. Benchmark loadings
estimate TN, TP, and TSS inputs to Tampa Bay during periods of relatively low water
quality impacts. Woaorst case lpadings have been estimated to reconstruct the
approximate total nutrient loading to the bay before current pollution abatement
measures were implemented, such as advanced levels of treatment for wastewater
treatment plants and stormwater management permitting requirements. Future
loadings were projected for the 2010 time period to estimate the potential severity of
the effects of increased urbanization on the estuary.

Finally, reported incidents of industrial chemical spills of nitrogen and phosphorus
were inventoried to supply an additional potentially major input of nutrients to the bay.
The spill inventory was developed for use with the bay modeling efforts to enhance
estimates of nutrient loads for the period 1985-1991,

A relative comparison of TN, TP, and TSS loadings for the four time periods can be
made based on these analyses. Benchmark TN, TP, and TSS loads were estimated
to be approximately 50%, 35%, and 25%, respectively, of current loads. Estimated
mid-1970's "worst case” loads of TN, TP, and TSS were about 250%, 140%, and
180%, respectively, of existing condition loads. Projected future TN, TP, and TSS
loads were estimated to be about 150%, 120%, and 140%, respectively, of currant
loads.
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Of the three most significant sources of TN loading (point source, nonpoint source,
and atmospheric deposition), point sources exhibited the most significant change over
time. Worst case point source loads were estimated to have been almost 30 times
higher than benchmark loads, and almost ten times higher than existing condition
loads. Atmospheric deposition had the least relative change of the three largest
sources. Benchmark atmospheric deposition loads were approximately 60% of
existing conditions, and 40% of projected future loads. For TN loading under future
conditions, atmospheric deposition is estimated to be 50% higher, point source
loadings are approximated to be 40% higher, nonpeint source loadings are estimated
to be about 70% higher, and fugitive emissions are estimated to be almost ten times
lower, relative to existing conditions.

A summary of estimated TN loadings to Tampa Bay segments for historical, mid-
1970’s, existing, and projected future conditions is presented in Table ES-1. For this
presentation, loads were rounded to the nearest whole number. Therefore, some of
the totals listed do not match the summed rounded numbers.
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1.0 INTRODUCTION

1.1  Purpose and Objectives

The overall objective of the work described below was to develop technically-
defensible estimates of total nitrogen (TN], total phosphorus (TP) and total suspended
solids [TSS) loadings to Tampa Bay. The pollutant loading estimates developed in this
work will be used as input for the Tampa Bay National Estuary Program (TBNEP)
statistical modeling project {Implementation of Modeling Strategy). Using these
watershed-based pollutant loads, the statistical modeling work will investigata
potential relationships between loadings and in-bay water quality. These loading
estimates will also be used as input for the Tampa Bay box model project, currently
being completed for SWFWMD SWIM Department, which is also examining the
response of Tampa Bay water guality to pollutant loading levels.

Additionally, loading estimates were developed for individual subbasins, to establish
priority areas for nonpoint source pollution control. This subbasin priaritization will ba
used by on-going TBNEFP projects to investigate the effectiveness, and potential
maximum treatment levels, of best management practices for individual subbasins and
land uses.

The loading estimates will also be used to examine relative differences between
existing and historical {"benchmark,” as described below) conditions, as shown in
Figure 1-1. Loading estimates for "worst case”™ and projected future conditions to the
Tampa Bay estuary and tributary system were also developed. Worst case loadings
have been estimated to reconstruct the approximate total nutrient loading to the bay
before current pollution abatement measures were implemented, such as advanced
levels of treatment for wastewater treatment plants and stormwater management
permitting requirements. Future loadings were projected for the 2010 time period, to
estimate the potential severity of the effects of increased urbanization on the estuary.

Finally, reported incidents of industrial chemical spills of nitrogen and phosphorus
were inventoried to supply an additional potentially major input of nutrients to the bay.
The spill inventory was developed for use in the SWIM box model to enhance loading
estimates for the period 1985-1991.

The choice of total nitrogen, total phosphorus, and total suspended solids as the
water quality constituents of interest was made for several reasons. SWFWMD SWIM
has recognized the importance of nitrogen and phosphorus loadings to eutraphication
processes within Tampa Bay (Stevens et al.,, 1992). Chlorophyll & levels in Tampa
Bay have been shown to be closely related to total nitrogen loads to Hillsborough Bay
{Johansson, 1991). The interim nutrient budget developed by SWIM [Morrison, 1991)
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also examined total nitrogen loading in support of the above observation that TN and
chlorophyll a levels are related. In addition, regionally-based literature values for land
use-specific TN concentrations, which are used to calculate nonpoint source loadings,
are generally better documented than are data for other nitrogen forms.

Phosphorus is also a primary nutrient reguired by phytoplankton and other submerged
aguatic vegetation for growth. Although Tampa Bay is recognized as a generally
nitrogen-limited water body, the management of phosphorus loadings is important to
overall in-bay conditions. TSS has a profound influence on light attenuation; as TSS
concentrations affect the depth to which light, particularly photosynthetically active
radiation (PAR]), can penetrate. Thus, all other factors being equal, TSS likely
influences the water column depth at which seagrasses can grow. TS5 also can be
viewed as a surrogate indicator of toxics, as many toxic pollutants enter estuaries
associated with suspended solids.

Measured streamflow and water quality data were available for over half of the land
area of the watershed for existing conditions, and considerably less for benchmark
conditions. However, estimates of streamflow and pollutant loading needed to be
made for the entire watarshed, including the ungaged areas. The required modeling
for estimating loadings for gaged and ungaged areas of the watershed is shown in
Table 1-1.

For this work, it was necessary 10 use a model that would be accurate enough to
simulate flows and pollutant loads with an acceptable degree of certainty, yet be
flexible enough to be applied to a wide spatial and temporal domain. One approach
to obtaining a model with these attributes is to use a complex, data-intensive modael,
Although this type of approach, properly executed, can yield good results, the time
and effort involved with data collection and model set-up and running, precludes its
use in many circumstances.

Existing models have been used 10 estimate watershed-generated (nonpoint source)
flows for the Tampa Bay watershed with varying degrees of success. Section 2,
below, includes the description of the evaluation of a spreadsheet model that has
previously been used to estimate nonpoint source flows and loadings to Tampa Bay.
The results of this evaluation indicated that the spreadsheet model was not suitable
for use to estimate flows over the entire ungaged portion of the watershed area.

Therefore, an empirical model was developed using measured data and regression
relationships to describe the response of the watershed with respect 10 generating
nonpoint surface water flow, given a set of rainfall and land use conditions. The
empirical hydrology model preduced much improved estimates of runoff in the Tampa
Bay watershed. Pollutant loadings were estimated in a8 manner similar to the
spreadsheet model, by multiplying empirically derived flows by literature values of land
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use-specific poliutant concentrations for nonpoint source flow. This model must be
able to quantify differences in benchmark and existing pollutant loadings for the entire
Tampa Bay watershed.

Table 1-1 Maodeling Requirements for Watershed Loading Analysis

Loading and Flow Calculations Gaged Area Ungaged Area

Benchmark (ca. 1940] modeled flow, modeled flow and
modeled water water guality
quality

Worst case (ca. 1976} modeled flow, modeled flow and
modeled water water quality
quality

Existing (1985-1291) measured flow modelad flow and
and water quality | water quality

Future (ca. 2010] measured flow modeled flow and
and water quality | water quality

Because a significant part of the development of TN, TP, and TSS loads to Tampa Bay
depends on the accurate estimation of nonpoint flows, much effort was put into
developing and testing a model that would fit the needs of the work. A description
of the flow model development and validation is given in Saction 2.

Subsequent to the development of the nonpoint source portion of the model,
estimates were made of the nutrient loading contributions from some of the unique
features of the Tampa Bay watershed. Such pollutant sources as fugitive losses from
bulk cargo transfer facilities, land application of treated wastewater effluent, springs,
atmospheric deposition, and other sources were inventoried and quantified. This
modeling effort resulted in the best estimate available, using existing data, of pollutant
loads generated within the Tampa Bay watershed.

In summary, loading estimates for TN, TP, and TSS for the four scenarios {benchmark,
worst case, current, and future) have been developed with the use of measured
nutrient concentration and streamflow data, a statistical model that relates watershed
characteristics to streamflow, and other analytical methods. The overall model has
been developed to examine streamflow and pollutant loading characteristics for the
entire watershed, with results presented on a bay segment and major drainage basin
scale. However, to effectively manage potential pollutants, a more detailed
examination of potential load reduction strategies and specific best management
practices (BMP) must be completed. An evaluation of individual BMPs is beyond the
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purpose and scope of the work describad herein. The model, as described below, is
most appropriate for setting goals on a larger scale, (watershed-wide, or for major
watershed subdivisions), rather than as a tool to examine smaller subbasins and
specific land use management practices. The potential benefits of implementing
various BMPs within the watershed are presently being investigated through other
TBNEP work.

1.2 Time Frame and Geographic Extent of Model Results
1.2.1 Time Frame of Model Basults
i5ti nditiong Peri f i

Monthly and annual streamflow and pollutant loading estimates for both existing and
benchmark conditions have been developed. The current or "existing” time period
was defined as 1985-1991. This span of years was chosen to represent gurrent or
very recent conditions in Tampa Bay and the watershed, and was deemed appropriate
because land use, water use, waslewater treatment practices, and other relevant
characteristics have not changed radically during that time period. Recently available
information, such as land use coverage based on 1990 aerial photographs, and U.5.
Geological Survey (USGS] subbasin delineations was used to develop a data base of
watershed characteristics.

] iti i nalysi

Thea "benchmark” time period was defined as 1938-1940. The benchmark time period
was designated as a reference point from which to gage the relative changes in
freshwater inflow and pollutant loading to Tampa Bay. Two major factors influenced
this choice of benchmark time period. The first was that activities in the watershed
for the chosen benchmark period ware sufficiently different from existing conditions
to allow the changes in streamflow and pollutant loadings to be measurable and
significant with respect to living resource requirements. The second major factor is
that there must be enough information available to develop the watershed
characteristics data base for benchmark conditions with some degree of certainty.

Information from a variety of sources was reviewed during the process of choosing
a benchmark period, including locally-available references such as data from county
and ecity agencies (Hillsborough County, Pinellas County, Manatee County, City of
Tampa, City of S5t. Petersburg, City of Clearwater, City of Bradentan), U.S.
Department of Agriculture {(USDA) Soil Conservation Service {SCS) aerial maps, and
histarical mapping and land use references from public and private libraries.
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In addition, other data, such as aerial photographs, bathymetric charts of Tampa Bay,
land use and land cover maps, and agricultural inventories from the National Archives
and other sources were obtained and reviewed. A set of aerial photographs made in
1938-40 that provided complete coverage for the Tampa Bay watershed was located
at the National Archives in Washington, D.C. These black and white photos have
baen printed at a scale of 1 inch = 660 feet, and are available in a 1 Inch = 20,000
inches {1:20,000} scale index map mosaic. This source of information satisfied the
historical land use data requirement of the task.

A review of precipitation and streamflow data was completed for the 1940 time
period. Several National Weather Service (NWS) rainfall recording sites were identified
as having a period of record that included this time period. |In addition, period
streamflow records from several USGS gage sites within the watershed were
obtained. These data were reviewed and found to be sufficient to satisfy the
hydrological data requirements of the task,

Many factors were examined to assess the appropriatenass of using the 1940 era for
the benchmark period, which represents relativaly unimpacted conditions with respect
1o existing levels of development. To pick the most appropriate benchmark period,
factors such as population characteristics and the areal extent of urbanization and
infrastructure were examined. Period aerial photographs give a clear picture of the
watershed as much less developed in 1938 than presently, with only a few urban
centers, such as Tampa and St. Petersburg, in existence. Soon after this period, the
Tampa Bay area population began the rapid levels of growth that have continued to
the present day.

Additionally, the seagrass restoration targets currently being developed for Tampa Bay
are based on a 1950 benchmark period. Assuming that conditions in the bay are
manifested based on a response lag of several years with respect to inflow conditions,
the 1950 seagrass coverage is likely, at least in part, a reflection of water quality
conditions from the preceding years. This assumption was made recognizing that
much of the documented seagrass loss in the estuary, especially in Old Tampa Bay
and Hillshorough Bay, has resulted from physical displacement, such as from dredge
and fill activities. Therefore, based on the availability of land use, streamflow, and
precipitation data, and the documented leve! of development in the Tampa Bay
watershed in 1940, the 1938-40 period was chosen by TBMEP for use as the time
period representing "benchmark™ conditions for this study.

The circa 19786 time period was used as a basis for developing worst case nutrient
loading estimates because it is the time during which the highest loadings of TN and

TP are thought to have been generated within the watershed (see Appendix 13), This
period cccurred just prior to the institution of several major pollution abatement
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measures in the watershed. These measures included providing advanced wastewater
treatment at domestic plants, implementing stormwater managemeant and treatment
regulations, increased regulations on phosphate mining and processing activities, and
improvements to phosphate rock and fertilizer transfer and shipping facilities.
Additionally, soon after this period the phosphate industry experienced a decreasa in
activity that has generally continued to the present. These loading estimates were
developed to document the great improvements that have been made in limiting
nutrient loadings to the bay in the past fifteen years.

Future Conditions Period of Analysis

Projected nutrient loadings from the watershed were astimated for future conditions
isee Appendix 14). The period ca. 2010 was used because it represents a commonly
used planning horizon for local governments to use in projecting level of services for
wastewater, land use and other infrastructure issues. Loading estimates utilized a
future land use map, projected wastewater flows obtained from local governments,
and estimates of projected loadings from other nutrient sources,

1.2.2 Geographic Extent of Model Results

Streamflow and pollutant loading estimates have been made for the entire Tampa Bay
watershed. For this work, Tampa Bay was defined as the open water and littaral
estuary and its tributaries up to the limit of usage by aquatic estuarine dependent
species. In addition to watershed-wide estimates, poliutant loadings have bean
summarized by several geographic subdivisions, including:

. Bay Segments - The seven bay segments as defined by Lewis and Whitman
{1985) have been used to summarize streamflow inputs and pollutant loadings.
Bay segments include Old Tampa Bay, Hillsborough Bay, Middle Tampa Bay,
Lower Tampa Bay, Boca Ciega Bay, Terra Ceia Bay, and the Manatee River, as
shown in Figure 1-2.

L Major Drainage Basins - Major drainage basins in the Tampa Bay watershed
include the four major river basing (Hillsborough, Alafia, Little Manatee, and
Manatee Rivers), and caollections of coastal streams, as shown in Figure 1-3.

L] USGS Subbasins - A total of 435 individual subbasins within the watershed
{425 excluding open water bay sub-segments} have been delineated by USGS
for existing conditions. Although developing estimates of overall loads does
not require that pollutant loadings from each of these individual subbasins be
calculated, this has been completed to assist with other on-going studies that
are examining the potential effectiveness of the use of best management
practices (BMP) to control surface water pollution in individual subbasins and
for specific land uses.
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TAMPA BAY SEGMENTS
Based on Lewis and Whitman, 1985

Figure 1-2 Tampa Bay Segments.
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MAJOR DRAINAGE BASINS OF TAMPA BAY
Modified from USGS

._ 2 R
Figure 1-3 Tampa Bay watershed major drainage basins,
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Using these temporal and spacial scales, methods for estimating both existing and
benchmark freshwater inputs and pollutant loadings were developed. The methods
used to calculate loadings from each source, the data sources, and the critical
assumptions are described below. Following this introduction, Section 2 discusses
the development and validation of the hydrologic model, Section 3 details methods
for calculating existing streamflow and pollutant loadings, Section 4 addresses
benchmark loading estimation technigues, and Section 5 describes the results of the
loading analysis, summarizes the project review process, and makes recommendations
for refining the loading estimates during future study. Section 6 lists cited literature.



2.0 DEVELOPMENT AND TESTING OF HYDROLOGIC MODEL

Estimates of total streamflow and TN, TP, and TSS loads for the Tampa Bay
watershed cannot be completed without modeling surface water hydrology. Although
measured data were used in this investigation to the fullest extent possible, it was
necessary 1o use modeling methods to estimate streamflow inputs and water quality
loadings for that portion of the watershed that was not gaged.

2.1 Selection of Modeling Approach

It was desired 10 use a relatively simple model that could yield acceptably accurate
results using only existing data, but that was flaxible enough to be used over the
entire watershed. A balance must be reached between providing enough variables in
the model construction 1o adequately simulate existing conditions, and not including
excess variables that may improve model performance for one area, but reduce its
ability to mimic conditions on a broader scale (Draper and Smith, 1981).

To this end, three models were evaluated - two deterministic models of spreadsheet
construction, and a statistical regression model. This section describes the evaluated
alternatives 1o the salection of a hydrologic model 1o predict streamflow.

2.1.1 Existing Alternatives

Computations Based on Literature Values of Runoff Coefficients and Watershed
har risti

An existing spreadsheet model - Nonpoint Source Load Analysis Model (NPSLAM)
(Dames & Moore, 1991; Dames & Moore, 1992] - was previously developed to model
stormwater runoff using literature values for runoff coefficients and watershed
characteristics. The original version of this model was similar in construct to other
spreadsheet models previously used in west-central Florida, such as the Sarasota Bay
watershed assessment model (Camp, Dresser & McKee, 1992) in that they assume
a linear relationship between rainfall and stormwwater runoff.

The NPSLAM model had been used to predict relative levels of nonpoint source
pollutant loading to Tampa Bay for eight parameters, including TN, TP, TSS, BOD,
metals, and bacteria (Dames & Moore, 1991). This application was uncalibrated, and
was intended to provide estimates of relative pollutant loadings of individual subbasins
in the watershed. Land use-specific runoff coefficients were used, to estimate
stormwater runoff in amounts proportional to the size of the subbasin, its land use
and soils composition, and rainfall amounts. When the model was used in an
application requiring an accurate simulation of measured data, resulis were
unacceptable. Subsequently, modifications were made to improve its performance.
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NPSLAM Maodified Version

In an effort to improve the spreadsheet model performance, madifications wera made
to NPSLAM. The first was a seasonal adjustment that was developed using measured
rainfall and runoff data from the Little Manatee River. This factor allowed a unique
monthly rainfall/runoff relationship to be used, depending on the long term seasonal
and monthly rainfall/munoff characteristics of the basin, and improved the model fit.

A second adjustment factor was developed to account for short-term antecedant soil
moisture conditions. Using soll moisture characteristics from Chow (1964), a set of
multiplication factors was developed to apply to the initial runoff volume, based on
preceding rainfall conditions. Validation results showed that model fit was improved.
However, when a review of the ability of the modified NPSLAM model to predict
flows in seven basins other than those used for the initial validation work was
completed, the overall goodness of fit of modeled values to measured flows was only
marginally acceptable. Resulting r* values ranged from 0.39 to 0.80. The r® of 0.80
was obtained for the Little Manatee River. This relatively good fit may be partially
attributable to the fact that long-term streamflow data from this water body was used
to develop the seasonal adjustment factor incorporated into the model.

Figure 2-1 shows the overall fit of modeled values versus observed data for monthily
flows estimated by the spreadsheet model, and Figure 2-2 presents comparisons
between predicted and observed monthly flows using the modified NPSLAM model
for monthly flows between zero and four inches (the 95th percentile for observed
flows). A generally limited agreement was observed between the model predictions
and the observed flows for the tested subbasins. Owerall, the model predictions
showed a positive bias - that is, it tended to overpredict flow for a given rainfall
amount, especially for low flow conditions.

2.1.2 Need for Further Refinement of Hydrologic Model

To improve upon the spreadsheet modeling methodology, an alternative to this model
formulation was investigated. The methods focused on the use of available measured
flow data from the Tampa Bay watershed. Initially, the relationship between
measured monthly flow and rainfall was examined. MNonlinear relationships between
rainfall and streamflow are often suggested by measured data, as shown in Figure 2-
3. This characteristic appears to contribute to the bias (i.e., overprediction of low
flows) in the original version of the NPSLAM model. Figure 2-4 illustrates how, if a
linear model (straight diagonal line] is used to fit what is actually a nonlinear
relationship (curved line), the predicted values in the lower range of values will be
overestimated.

There also appeared 1o be a relationship between the existing month’s streamflow and
the previous month’s rain, as suggested from the earlier work by Dames & Moore
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NPSLAM Maodel
Predicted vs. Observed Flows

Figure 2-1
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NPSLAM
Predicted vs. Observed Flow
a95th Percentile of Observed Flows = 4 inches

Figure 2-2
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{1992). This relationship may ba due to the lag in release of rainfall stored in
wetlands and surface water bodies, groundwater interflow, or other factors. As has
been pointed out in the Dames & Moore work, flows are often observed during
months with little or no rainfall. Thus, it was concluded that a non-zero intercept for
a model which relates flow to rainfall was appropriate. Based on these data analyses,
a modeling approach using available empirical data was developed as described below.

2.1.3 Selected Modeling Approach

As previously discussed, a minimum number of parameters was used in model
construction to ansura that it would be capable of adequately predicting flows in all
ungaged areas in the watershed. Initial testing of the alternative modeling approach
indicated the need to predict total monthly runoff magnitudes for a basin as a
nonlinear function of 1) rainfall for the present month and two previous months, and
2} the percent coverage in a basin of each of four major land use groups. The four
classes were urban, agricultural, forest/undisturbed, and wetland/water. The
distribution of thase four classes is presented below in Section 2.3.4, The use of the
percent coverage of these four classes in the hydrology model was found to improve
the fit of the rainfall/runoff relationships without compromising the predictive capacity
of the model.

Model development resulted in the definition of four separate rainfallfrunoff
relationships, varying with season and basin land use characteristics. The four cases
were 1) wet season, more urban basin; 2) dry season, more urban basin; 3} wet
season, less urban basin; and 4) dry season, less urban basin.

Based on long-term rainfall records for the watershed, the wet season was defined as
July through October, and the dry season was November through June. Although
long-term rainfall data from Tampa International Airport suggests a June-September
wet season, the July-October period accounted for approximately 55% of the annual
precipitation on a watershed-wide basis.

"More urban” basins were defined as having greater than 19% urban land use, and
"less urban” basins had less than 19% wvurban land use. The selection of the 19%
level was based on an investigation of the distribution of urban land cover and the
goodness of fit of the rainfall/runoff relationships.

Another objective of this modeling was to apportion total estimated runoff in a basin
to constituent land uses, based on their relative frequency of occurrence in the basin.
This was accomplished through the use of land use-specific runoff coefficients that
allocated fractions of total streamflow to the individual land uses based on the extent
of their coverage and the literature values of land use-specific runoff coefficients.
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2.2 Modeal Formulation

As described in the previous section, empirical data analyses indicated that the
praeferred model for predicting runoff was based on a log-linear relationship with
rainfall and land use categories as independent variables. Rainfall for two previous
months was included in the model in addition to that for the present month. The land
use composition of each basin was included through an adjustment factor (2). The
model used is:

FLOW = expla + (b, RAIN,+b, - RAIN,+b,- RAIN, ] {Equation 1)

and,
d = [L.]‘ -L'r." {E.E. IE-:." 1.5_»,' L:r* 1E,." L‘.}

where

FLOW = nonpoint source flow (meters per manth) for a given basin,
wvear, and month,

RAIM, = rainfall {meters per manth} in the month,

RAIN, =  rainfall (meters per month)] in the month before the present
maomnth,

RAIN, =  rainfall {(meters per month) two months before the present
manth,

L, = the fraction of the basin acreage in the URBAN land use
category,

L, =  tha fraction of the basin acreage in the AGRICULTURAL land
usa category,

Ly = the fraction of the basin acreage in the WETLANDS land use
category,

Ly = tha fraction of the basin acreage in the FORESTS land use
category, and

""‘-'I! 'E.EF EJ' c_.. bﬁ! 'b'lr and b.l'
are parameaters 1o be estimated.

The parameters associated with rainfall (&, b,, and b,) act as weighting factors when
averaging rainfall over three months. Their absolute magnitude also affects the slope
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of the relationship between rainfall and runoff (Figure 2-5a). The parameters
associated with land use categories (¢,, £,, C,, and ¢,) define an aggregate adjustment
factor (a) that affects both the slope and the intercept of the relationship between
rainfall and runoff (Figure 2-5b).

The units of flow and rainfall listed above, meters per month (m/mo), were chosen for
computational purposes. For flow, m/mo represents the total flow from a land area
over the time period {maonth), expressed as a volume of water with an area equal to
the land area, and the depth in meters. Although the unit is listed as depth, the
volume is implicitly accounted for in the land area. For rainfall, m/mo represents the
depth of rainfall over the land area during the time period (month], although it may
also be expressed as a volume, such as cubic meters/maonth, acre-feet/month, etc.

A least squares regression with no intercept was used to estimate the seven

parameters in Equation (1] after taking the natural logarithm of both sides of the
equation:

logiFLOW)] = (g Ly + [Cyr Lyl + (Eg=La)+ {0y Ly)+ (Equation 2]
:bﬂ.'HAIHD" b.'HAlNII* bz'HAIN:]

Basins were classified into two categories based on land use category: greater than
19% urban or less than 19% urban. The distribution of subbasins through this
category is shown in Figure 2-6. Months were classified into two categories based
on rainfall: dry (November through June} or wet (July through October). The model
was run for each combination of these categories, resulting in four complete sets of
parameter estimates:

19% urban, dry season
19% urban, wet season
199% urban, dry season
19% urban, wet season

*® 8 8 @
WOl IA

Total monthly flow was estimated for each basin using Equation (1} with the
appropriate parameter estimates. Flow was then apportioned among the constituent
land use categories within each basin as follows:

FLOW-A;-R;

FLOW, = it
Y AR,
]

{Equation 3)
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where

FLOW, =  the total nonpoint source flow (cubic meters per maonth)
from land use category /,

FLOW = the total nonpoint source flow (cubic meters per month)
from a subbasin,

A, = area (acres] in land use category J, and

A = the runoff coefficient (fraction of rainfall that runs off)
for land use category /.

Aunoff coefficients for each land use category were developed based on a literature
review. The proportion of runoff attributed to each land use category for a given
basin remains constant as total runoff increases (Figure 2-7].

2.3 Data used for Parameter Estimation and Distribution of Total Nonpoint Source
Flow for Land Use Groups

2.3.1 Stream Flow Measurements

Tatal monthly streamflow data were obtained from United States Geological Survey
{USGS) monitoring records for the Tampa Bay watershed. Data from water years
1985 through 1291 were used to calculate existing streamflow inputs. The USGS
streamflow recording stations shown in Figure 2-8 and Table 2-1 ware used for model
development.

In addition, data from other gaged sites monitored by SWFWMOD, Manatea County or
othars were obtained, as listed in Section 3. Data from these sites were chosen either
tor model development, or 1o provide measured data for gaged area streamflow and
pollutant loading calculations.

2.3.2 Drainage Basin Boundaries

Drainage basin boundaries were incorporated into all geographically-based data used
for this project (e.g., land use data, precipitation data, drainage areas, point source
locations). The drainage area boundaries were based on data obtained from
SWPFWMD (1992(a)). Modifications were made to the basin boundaries for the
development of the surface water hydrology model. These modifications include the
correction of minor coding errors, the subdivision of coastal basins following the bay
segmentation scheme used by TBNEP, and the subdivision of gaged and ungaged
portions of the watershed.
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Figure 2-8 Location of USGS gaging stations.

(Refer to Table 2-1 for identification of stations used in hydrologic model
development. - from USGS, 1992)
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Table 2-1  Streamflow Manitoring Stations Used for Hydrologic Model Development

USGS Gage Number | Site Name

02300500 Little Manatee River near
Wimauma

02300700 Bullfrog Creek

02301000 MNorth Prong Alafia River

02301500 Alafia River at Lithia

02301750 Delaney Creek

02303000 Hillsborough River near Zephyrhills

02303330 Hillsborough River at Maorris Bridge

02306647 Sweetwater Creek near Tampa

02307000 Rocky Creek near Sulphur Springs

02307359 Brooker Creek near Tarpon Springs

A total of 435 subbasins, including ten subbasins comprising open water areas of
Tampa Bay, have been delineated, encompassing an area of approximately 2,646
square miles {sq. mi,}, or 6,835 square kilometers (sq. km.}. Excluding open waters
of the bay, the watershed includes 425 subbasins covering approximately 2,276 sq.
mi. {5,895 sq. km.).

These subbasins were delineated by USGS (Foose, 1993}, however, some of the
subbasins were further subdivided to break out gaged and ungaged areas. For
example, if a streamflow gage was locataed in the midpoint of a USGS subbasin, that
subbasin was divided into two parts. The upstream portion of the ariginal subbasin
included the gaged area, and the downstream portion would be ungaged. This was
necessary for streamflow estimate computation, which used a different method of
calculation for gaged and ungaged areas.

Each of the 425 individual subbasins that comprise the 2,276 sq. mi. watershed has
been assigned an extended Hydrologic Unit Code (HUC) by USGS. This eight-digit
code indicates hydrologic linkage between catchments, making it possible to trace
upstream subbasins to their ultimate outfall at the estuary. In addition, internally
drained {"hydraulically noncontributing”) areas have been delineated by USGS. These
internally drained lands, which include 22 subbasins, encompass 125 sq. mi., or
slightly more than 5% of the watershed area. These areas may be expected to retain
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Initial rainfall volumes, and provide surface discharge only after internal storage areas
are filled. For nonpoint source load modeling, these noncontributing subbasins were
removed from the land area that generated stormwater runoff.

2.3.3 Rainfall Records

The precipitation data used for modeling surface water hydrology were obtained from
the National Climatic Data Center of the National Weather Service (NWS) (National
Weather Service, 1993). Total monthly precipitation data were aobtained for the
existing period (1985-91) for 22 long-term stations within and near the Tampa Bay
watershed. The names and locations of these stations are presented in Table 2-2 and
Figure 2-9, respectively.

Total monthly precipitation values were estimated for each subbasin, month, and year
of the existing period. Subbasin estimates were interpolated from a precipitation
response surface which was fit 1o the antire watershed for each month and year of
the existing period. The response surface was fit by computing an inverse-distance-
squared, weighted-average of precipitation measurements within a search radius of
50 kilometers for each subbasin, This method of estimating rainfall for a subbasin
accounts for regional patterns, but gives more emphasis to local conditions. Using
this method the total monthly precipitation for each subbasin was computed as
follows:

(Equatian 4]

-
=
2
i}
)
I

estimated total monthly precipitation for the jth subbasin

K, = the number of NWS stations within 50 kilometers of the geographic
center of the jth subbasin,

the total monthly precipitation recorded at the kth NWS station, and

-
N

D
Il

the distance [meters) between the geographic center of the jth
subbasin and the kth NWS station.
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Table 2-2 Long-Term National Weather Service Precipitation Stations

Precipitation Site | Site Name
Number
228 Arcadia

| 478 Bartow
520 Bay Lake
940 Bradenton
945 Bradenton 5ESE
1046 Brooksville
1163 Bushnell
1632 Clearwater
1641 Clermont
3153 Ft. Green
3986 Hillsborough
4707 Lake Alfred
5973 Mountain Lake
6065 Myakka
6880 Parrish
7205 Plant City
7851 St. Leo
7BB6 St. Petersburg
8788 Tampa

International
Airport

8824 Tarpon Springs
9176 Venice
9401 Wauchula
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Figure 2-9 Location of National Weather Service precipitation monitoring stations.
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2.3.4 Land Use/Land Cover Data

Land usefland cover GIS data were obtained from SWFWMD (1992(b)), and
incorporated into the surface water hydrology model. The SWFWMD data were
interpreted from 1:24,000 and 1:40,000 scale, color infrared aerial photographs. The
photographs were made during December of 1989 and January of 1980, The land
use data were recorded following the Florida Land Use Cover Classification Systam
[FLUCCS] level 3 developed by the Florida Department of Transportation Thematic
Mapping Section (FDOT, 1985).

For the purpose of assigning land use-specific runoff and pollutant loading factors, the
land use data were aggregated into 21 classes as shown in Appendix 1 and described
in Section 3. This classification system was developed by examining the source
literature for the FLUCCS land use classification scheme, land use specific runoff
factors, and land use specific pollutant loading factors, as referenced in Section 3.

In order to compute parameters for the surface water hydrology model, the land use
data were further aggregated into four major classes as described in Section 3. The
classes were urban, agricultural/mining, forest/undisturbed, and wetland/water. The
areal extent of each of the four aggregated land use classes for each of the basins
used to fit the surface water hydrology model is listed in Table 2-3. For pollutant
loadings estimates, these land use categories were disaggregated into 21 classes.

As described in the previous section, the areal percent af urban land use was used to
divide the basins into a less urban group (group A) and a more urban group (group B).
The classification of basins into these two groups is summarized above in Figure 2-6.

2.3.5 Land Use-Specific Runoff Coefficients

Land use-specific runoff coefficients were obtained from published literature, including
references for the west-central and south Florida geographic area (Chow, 1964,
USDA, 1975; Harper, 1991). A range of coefficient values for each land use was
developed to account for seasonal changes in rainfall/runoff relationships, and for local
soils conditions, as shown in Appendix 2. These coefficient ranges reflect higher
rates of runoff during the wet season when solls are more saturated, water table
elevations are higher, and depressional storage availability is lower.

The soils coverage includes discrete polygons of individual soil series (types)] as
identified by the USDA SCS in the county soil surveys, This coverage was obtainad
from SWFWMD in ARC/INFO format. Each discrete polygon represents a soll series,
which was aggregated by hydrologic soil groups (A - D). The SCS has assigned a
hydrologic group identification to each soil series to indicate runoff generating
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Table 2-3 Distribution of Land Use Categories in Gaged Basins

Parcant Percant
Parcent Percent Forest/ Water/
UsGS Gaged Basin Urban Agri. Opean Wetland
Space
—
02300500 2 57 26 15
02300700 7 54 25 14
02301000 19 52 15 14
02301500 12 86 16 16
02301750 1 12 25 8
02303000 19 35 24 22
02303330 20 33 24 23
02306647 61 05 13 21
02307000 40 12 20 28
02307359 19 19 27 35 ||

characteristics. "A" soils, in general, generate the least, and "D" soils the most
amount of runoff for a given rainfall. The soils coverage was intersected with the land
use coverage to provide the GIS layer used to estimate runoff coefficients. Each
unigue combination of land use type, soil series, and season has been assigned an
associated runoff coeflicient value,

2.4 Parameter Estimates for Tampa Bay Watershed

The hydrologic model includes seven parameters associated with three rainfall
categories and four !and use catagories. The values of these parameters warg
estimated using least squares regressions after log transforming the log-linear model
{Equation 2). Parameter estimates were made for each of four categories of basin
type, defined by land use (=19% urban or >19% urban) and season [wet or dry).

R lis fr

Least squares regressions were highly significant for each category of basin type, with
the model accounting for 52-66% of the variance in the data (Table 2-4). The
parameter estimates used in predicting runoff are presented in Table 2-5, with their
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Table 2-4  Results of least squares regression analyses for the model predicting
runoff from rainfall and land use

Basin Land F Value Prob > F i
: Use
I
= 19% Dry 588.42 0.0001 0.60
Wet 378.14 0.0001 0.64
= 19% Dry 1608.33 0.0001 0.52
Urban
= 199% Wet 806.56 0.0001 0.66
Urban

standard errors. When viewed as weighting factors, the parameters associated with
rainfall {b,-b,) generally placed greatest weight on the present month, as expected.
The preceding two months do contribute significantly to the model, however,
especially during dry season months.

2.5 Hydrologic Model Validation

The predicted flows from the hydrologic model described above were compared to
measured flows in ten basins in the Tampa Bay watershed. These model predictions
compare more favorably to the observed flows than did the modified NPSLAM Model
predictions discussed above. Therefore, it appears that the empirical model provides
better estimates of flows in the range of typical flows for these basins. The bias in
the NPSLAM predictions averaged approximately 1500%, due in great part to extreme
overprediction of flows in Brooker Creek. Exclusion of the Brooker Creek data from
the NPSLAM model results in an average bias of approximately 300%. The average
bias in the predictions of the empirical hydrologic model prepared for this project was
33%. Figure 2-10 shows the overall relationship between the predicted and observed
flows. Figure 2-11 compares predicted and observed flows in the range of 0-4 inches
(the 95th percentile of observed flows). Plots of observed versus predicted flows are
shown in Appendix 3. The correlation coefficient (r?) for these relationships ranged
from 0.5 to 0.89, with an average r’ of approximately 0.7, with the poorest fit
observed for Brooker Creek. The r’ for the relationship between NPSLAM predictions
and observed flows ranged from 0.39 to 0.8, with an average of 0.54.
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Table 2-5

Parameter estimates and standard errors (in parentheses) for hydrologic

miodel

Parameter = 19% = 19% > 19% > 19%
Urban Urban Urban Lrban

Dry Wet Dry Wet

b, 4.59 7.22 5.93 7.60
(1.04) (1.09) {1.07) {1.08)

b, 6.27 3.59 6.17 1.71
{1.23) {1.16) {1.19) (1.19]

by 4.30 2.25 3.58 2.79
{D.85) (1.25) 10.85) (1.33)

& -4.8B6 -5.63 -5.98 -4.67
(1.51) (2.10) {0.58) (0.85)

Cy -2.97 -3.85 -5.49 -5.39
(0.49) (0.74] (1.29) {1.78)

Cs -16.91 -11.77 -1.45 -2.79
(1.97] 12.77) Q.72 (1.04)

Cq -3.04 -5.00 -10.156 -10.22
(1.958) (2.75) (1.92) {2.67)
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Pradicted vs. Observed Flow
o5th Percentile of Observed Flows = 4 inches
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Figure 2-11 Tampa Bay Hydrologic Model - 95th percentile fit.
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3.0 DEVELOPMENT OF ESTIMATES OF NUTRIENT AND SUSPENDED
SOLIDS LOADINGS FOR EXISTING CONDITIONS

The Tampa Bay Pollutant Loading Model (model} has been designed to estimate
freshwater inflow and pollutant loadings delivered to Tampa Bay and its tributaries
from the watershed. The diverse sources of thesa loadings include:

- nonpoint sourcas,

L point sources, including domestic and industrial inputs and springs,
L atmospheric deposition,

. groundwater, and

. fugitive losses from bulk cargo transfer facilities.

Additionally, an inventory of industrial chemical spills was completed, although
nutrients from that source are not included in the overall loading estimates presented
in Section 5. Both streamflows and pollutant loadings were calculated for all areas
without regard for their relative location within the watershed. For example, loadings
for an ungaged area in the headwaters of a drainage catchment were calculated in the
same mannear as loadings from the downstream-most portion of the basin. This
loading assessmeant does not account for in-stream assimilation, overland flow effects,
or other processes that may affect the guality of nonpoint source flows befora they
discharge into the bay proper. This is typical of watershed assessment loading
models, and provides useful information for planning and management purposes.

The freshwater inflow and pollutant loading estimates developed in this work are also
to be used as input for the Tampa Bay Box Model project for SWFWMD-SWIM; as
inputs for the TBNEP statistical modeling project; and to examine the difference in
existing and benchmark loadings to the Tampa Bay estuary and tributary system.

The following describes methods used to calculate estimates of streamflow and
poliutant loading from each of the major components. Figure 3-1 illustrates the overall
construction of the model, showing inputs, calculation processes, and outputs. For
total freshwater inputs and pollutant loadings, empirical data were used to the
greatest extent possible, and modeling techniques were used to estimate flows and
loadings where measured data were not available.
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3.1  Nonpoimt Sources

TN, TP, and TSS loads for the gaged and ungaged portions of the watershed were
estimated using measured data and the empirical model. Nonpoint source loads
include streamflow (stormwater runoff and baseflow) and direct overland flow, and
were estimated for general land use categories. It should be remembered that
nonpoint source loads, as estimated for this study, reflect the quantity and quality of
surface water inputs to Tampa Bay as estimated using the best available data. These
calculations do not identify the true sources of nitrogen and phosphorus that make up
the nonpoint source loads, Atmospheric deposition to the watershed, fertilizer
application, and animal waste are all sources of nutrients that may influence the
quality of nonpoint sources from any land use. Therefore, the loads attributed to a
particular land use in this analysis may ba only partially intrinsic to that land use, and
partially from other sources and processes.

For example, stormwater runoff ariginating from a particular land use will exhibit a
range of concentrations of TN and TP. The sources of the nitrogen and phosphorus
that make up that concentration include both those attributable to the land use itself
(e.g., landscape fertilizer for wrban, and crop fertilizer and animal waste for
agriculture), as well as sources that are unrelated to those specific land use activities
(e.g., atmospheric deposition from distant sources). Therefore, although management
practices such as stormwater treatment facilities can mitigate the impacts of pollutant
loading from specific land uses, it should not be implied that the total pollutant load
from that land use is a result of local activities.

3.1.1 Watershed Characteristics

Monpoint source loads include stormwater runoff and base flow, and enter the
receiving water either as streamflow or as direct overland flow. To calculate this
loading component, the watershed was divided into gaged and ungaged areas. Gaged
areas included all tributary subbasins that drain 10 a point of measured discharge, such
as a USGS stream gage site or a dam. The gaged portion of the drainage area was
defined by the most downstream gages in the Tampa Bay watershed. The
downstream gages in the Tampa Bay watershed that were used to define the extent
of the gaged drainage area, and the agencies responsible for collecting the flow and
water quality data, are shown below in Table 3-1.

The ungaged portions of the watershed included the near-coastal areas, and land
downstream of all gaging stations. Gaged and ungaged streamflow and pollutant
loading calculations were developed using different techniques, as described below.
Data used to calculate nonpoint source loads include land use, soil series, and
subbasin boundaries.
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3.1.2 Gaged Area Streamflow and Pollutant Loading Estimates

The primary method of calculating hydrologic and pollutant loadings from the gaged
areas was based on measured flow and water quality data. Primary data sources
included USGS for basin-wide streamflow and water quality data; SWFWMD for
streamflow and water guality data from the Little Manatee River (Flannery, 1991},

Table 3-1 Downstream Stream Gage Stations

Stream Gage Site Name Streamflow Water Quality

{Agency/Site iAgency/Site
Number) Mumber)

Lake Tarpon Qutfall Canal SWFWMD/FLO12 | Mo data
5-651)

Rocky Creek USGS/02307000 | EPCHC/103

Sweatwater Creek USGS/02306647 | EPCHC/104

Hillsborough River at Dam USGS/02304500 | EPCHC/1056

Tampa Bypass Canal SWFWMD/FLO13 | EPCHC/147
(S-160)

Delaney Creek UsGS/02301750 EPCHC/138

Alafia River at Lithia UsGsS/02301500 EPCHC/114

Bullfrog Creek UsSGS/02300700 EPCHC/132

Little Manatee River at USGS/02300500 EPCHC/113

Wimauma

Manatee River at Lake Manatee | Manatee Manatee

Dam County/Lake County/Lake
Manatee Dam Manatee Dam

Lake Tarpon Outfall and Tampa Bypass Canal (SWFWMD, 1993); the Environmental
Protection Commission of Hillsborough County (EPCHC) for water quality data for the
Hillsborough River, Alafia River, and Little Manatee River, as well as several smaller
tributaries (Boler, 1986: 1988: 1990; 1992); Pinellas County Depariment of
Environmental Management for Lake Tarpon; and Manatee County for flows and water
quality at the Lake Manatee Dam, Table 3-1 above summarizes site identification
numbers and data sources for the individual water bodies that were used to develop
gaged area streamfiow and poliutant load estimates.
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Monthly average streamflow data for each month for the period of interest were
obtained for these most downstream gages within the watershed. These data were
used to develop a continuous record of streamflow from the gaged areas. Pollutant
loading from the gaged areas for which measured water guality data exist were
calculated on a monthly basis, according to the following equation:

Pollutant loading for gaged area / = Flow, » PC,
iEquation 5)

whera:

Flow,; = Total measured monthly flow for gaged area /

PC. = Average measured monthly pollutant concentration for gaged area /

Measured flow is the recorded stream flow expressed as volume per unit time, such
as cubic feet per second {cfs) averaged over the representative time period (manth);
measured concentration of a pollutant is a monthly average, expressed as milligrams
per liter {mg/L); and pollutant loading is expressed as mass per unit time, such as tons
per year (tons/year). It should be noted that the loading from the gaged areas
includes nonpoint source, point source, atmospheric, septic tank, and groundwater
inputs. All these sources contribute to gaged flow and water quality characteristics,
and are accounted for in the measured water quality and quantity data.

In addition to this calculation method, streamflow and pollutant loads can be
calculated using land use/soil-specific runaff coefficients and land use-specific
pollutant concentrations, as conceptually illustrated in Figure 3-2. Nonpoint source
runoff generated by an individual land use type within a basin was calculated by
prorating the total flow using land use-specific runoff coefficients and the area of that
land use type within the basin (Equation 3). To estimate the nonpoint component of
stream flow in the gaged areas accurately, point source discharges (the estimation
methods for these are discussed below) must be subtracted from the measured flows
for the gaged basins to calculate land use-specific flows. The remaining flow equals
stormwater runoff plus base flow,
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Using this method, flow was calculated using Equation 1. Nonpoint source pollutant
loads for specific land uses were estimated for the dasired time period according to
the following equation:

Pollutant loading for land use / = Flow,,, » PC,
(Equation B6)

where:

PC,, = Average pollutant concentration for land use /

Flow,;, = Total flow land use J

This calculation results in the disaggregation of the total nonpoint source flow into
flows generated by individual land use types.

An extensive list of regionally-appropriate water quality concentration data for
nonpaint source total nitrogen, total phosphorus, and total suspended solids was
compiled for this modeling effort, and is summarized and cited in Appendix 4. The
values are from a number of stormwater sampling programs and represent averaged
values from multiple samples from each program. Because base flow is a component
of water sampled in channels during periods of runoff, base flow characteristics are
represented in these storm samples, especially those taken on the falling limb of the
storm hydrographs,

The status of nonpoint source loadings discharging from wetlands is subject to widely
divergent characterization. Woetlands may act as nutrient sinks, sources, or both,
depending on the season. These nonpoint source loading estimates use available unit
area loading rates, based on numerous field sampling programs completed in the
central and south Florida region. These monitoring data were collected under a variety
of conditions and reflect diverse sampling situations, which is appropriate for use in
an analysis of this scale.

However, accurately tracking the various nutrients measured in outflow from wetlands
is difficult. The numerous sources, pathways, transformations and fates of nitrogen
and phosphorus in wetlands has been and is a subject of widespread research for
many vyears. Because of the site-specific nature of these processes, the
characterization of lpadings from wetlands should be regarded with caution. To
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address the potential effect that this uncertainty may have on overall nutrient loading
estimates, a sensitivity analysis was completed in which the wetland loadings for TN,
TP, and TSS were set equal 1o zero, and are discussed below.

To test the goodness of fit of the predicted pollutant loads, the predicted nonpoint
source loadings were compared to measured loads using water quality data from the
EPCHC water guality monitoring program and flow data from USGS. The basins
examined included the Alafia River, Little Manatee River, Bullfrog Creek, and Brooker
Creek and covered the time period of 1985 through 1991. Figures 3-3 and 3-4
present the relationship for TN and TP loadings, respectively. There was good
agreement batween the predicted and measured total nitrogen loadings, with an r? of
0.90. In comparison, the relationship between predicted and measured total
phospharus loadings had an r* of 0.62. There was clearly a negative bias in the
predicted total phosphorus loadings, especially in the high range of observed loadings.
This was largely due to negative hias in the total phosphorus loadings for the Alafia
River (Gage 02301500], and is possibly the result of point source loadings that are
reflected in the measured loadings but not included in the nonpoint source predictions.

3.1.3 Ungaged Area Streamflow and Pollutant Loading Estimates

Streamflow and pollutant loadings for the different land use types in the ungaged
basins were calculated using the methods outlined above. Parameters were computed
for the surface water hydrology model using data from gaged basins as described
above, and the model was then used to predict surface water hydrology for the
ungaged basins. Streamflow and pollutant loadings from nonpoint sources were
calculated for each major drainage basin and bay segment by summing the
contributions from the gaged and ungaged areas.

3.2 Paint Sources

Point sources of flow and pallutant loadings are defined as discharges that ariginate
at a discrete location, such as from a pipe or a small, definable land area {such as for
land application of treated wastewater effluent). The twao traditional categories of
point sources are known as "domestic” and "industrial.® Domestic sources include
publicly and privately owned wastewater treatment plants. Industrial sources include
dischargers of process water and other effluent not categorized as domestic sewage.

Domaestic and industrial point sources identified for this study are shown in Appendix
5, and include all direct surface discharges, and all land application discharges within
the ungaged area, with a permitied average daily flow of 0.1 million gallons per day
{mgd) or greater,
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Although not commonly classified as such, springs are identified as a third category
of point sources for this work. Springs can be very important both as a source of
freshwater inflow, and nutrient loading (most commonly nitrate). For this analysis,
fugitive losses from bulk material loading docks were classified separately.

3.2.1 Domestic and Industrial Sources
3.2.1.1 Data Sources and Quality Control

Domestic and industrial point sources were identified by reviewing Florida Department
of Environmantal Protection (FDEP, 1992) point source discharge permit conditions
and monthly operating records (MOR). These records are located in FDEP's Tampa
and Tallahassee offices. Also, U.S. Environmental Protection Agency's (EPA) National
Pollution Discharge Elimination System (NPDES] Major Discharger data base provided
additional data for industrial sources (AScl, 1993(al). In addition, the EPCHC {1993)
maintains readily-available copies of FDEP records for facilities in Hillsborough County.
A data base of domestic point source discharge information was developed, listing
manthly discharge rates and total nitrogen, total phosphorus and total suspended
solids concentration data. Both surface water dischargers, and facilities with land
application of effluent were included, Monthly data from a total of 39 major domestic
point source dischargers were included. These represent all facilities with an average
daily flow of 0.1 million gallons per day (mgd] or greater that either 1) discharge
effluent to surface waters within the Tampa Bay watershed, or 2) are located in the
ungaged portion of the watershed.

Most MORs for domestic wastewater treatment plants had complete records, with
facilities reporting flow rate and concentrations for TN, TP, and TSS on a monthly
basis. Industrial records were very inconsistant, with most facilities lacking complete
records. AScl Corporation (1993(a)}), through work being completed for SWFWMD-
SWIM, developed a data base of major industrial point source discharges in the Tampa
Bay watershed, Monthly records for 32 major industrial point sources, all with surface
discharge of effluent {shown in Exhibit 5), were used for the calculation of nutrient
loading astimateas.

The data bases were subjected to guality control measures to ensure that the most
accurate fiows and concentrations obtainable were used in the loading estimates. The
entries were scanned for incongruous data points. Obvious outliers, (such as flows
of two or three orders of magnitude higher than the design capacity of the facility],
were removed from the record. Attempts were made to locate sources of valid data
to replace missing or invalid values. |f data gaps could not be filled with actual
recorded data, the available data were averaged, and the averaged values were used.
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In some cases, a form of nutrient other than total nitrogen or total phosphorus was
reported. Many facility operators were contacted to verify their facility’s data. If the
data were accurate, then one of two methods was used to complete the data base.
For example, if both total nitrogen and nitrate nitrogen were recorded for soma
months at a facility, but only nitrate nitrogen was recorded for most months, the
average ratio of nitrate to total nitrogen was calculated for those months with both
values. The resulting ratio was applied to the other months, resulting in an estimate
of total nitrogen for those months. These entries were flagged in the data base as
estimated values.

If no data for a certain parameter were available for a facility and it was known or
suspected that loadings of that chemical did occur, then other, similar facilities were
examined. Typical or averaged data from these facilities were used to fill data gaps
if no other source of information was available. This method was chosen as an
alternative to showing missing data for loads from major point sources.

All flow and nutrient data for the period 1985-21 were obtained for the inventoried
facilities. Howewver, the loading estimates presented in Section 5 reflect only data
frorm 1991, This represents the most current state of point source discharges,
accounting for any improvements in treatment method that may have occurred since
1985.

3.2.1.2 Estimation of Point Source Loadings

Existing condition point source loading estimates were developed as overall average
manthly loads, to reflect the most recent upgrades to treatment facilities and disposal
methods and are summarized in Section 5. Point source loads were also estimated
as a time series of monthly values for the period January 1985 through December
1991. These time series will provide input to the TBMNEP statistical nutrient-
chlorophyll model and the SWIM box model, as discussed in Section 1.

Surface Discharge

Many of the inventoried facilities utilize direct surface discharge for effluent disposal.
Surface water inputs from point sources were estimated for both the gaged and
ungaged basins of the watershed, expressed as a volume per unit time, such as
millions of gallons per day {(mgd). The flows from each peint source were assigned
to the subbasin that receives the discharge, allowing the aggregation of point source
flows for each major drainage basin and each bay segment. All of the effluent
released via surface discharge was assumed to reach the Tampa Bay system.
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Estimates of point source pollutant loading for surface water discharges were
calculated by multiplying the flow (expressed as volume per unit time, such as mgd),
by the reported concentration (mg/L) for the pollutant of concern. With appropriate
conversion factors, this calculation yields a mass per unit time, such as pounds per
month of pollutant (TN, TP, TSS].

Land Application

Treated effluent from domestic wastewater treatment plants is frequently discharged
onto the land, most commonly by either spray irrigation or in percolation ponds. The
applied effluent either evaporates, is taken up by vegetation, becomes surface runoff
{generally a very small component of the total volume), or infiltrates to the water
table. Therefore, pollutant loadings that reach the bay generally do so via
groundwater. In this loading analysis, effluent loads are calculated separately from
groundwater loads. Different water quality information was used in the calculation
of both of these inflow pathways. Measured groundwater quality data from wells not
located adjacent to a known paollution source weare used for the groundwater loadings.

Land application loadings were estimated using recorded effluent guality data from
specific facilities, with “typical” reduction rates applied to the nitrogen and
phosphorus once in the environment. These reduction rates, discussed below,
account for uptake of nitrogen and phosphorus in the environment prior to the effluent
flow reaching the receiving water of Tampa Bay.

Calculation of Loadings from Land Application

The determination of the amount of land-applied effluent that is delivered to the
Tampa Bay system was not as straightforward as for surface discharge
loadings (Anderson et al., 1991; 1993; Cherry et al., 1973). Both the
hydraulic inflow and the pollutant loadings from the effluent that reaches
Tampa Bay are reduced from the amount that leaves the treatment plant
because of a variety of natural processes. Because potential nutrient loadings
from land application (reuse) is quantifiable, and attributable to a definable area,

groundwater loadings, as discussed below.

Because a portion of the point source effluent discharged as land application
is lost due to evaporation, transpiration, and infiltration, inflow estimates were
corrected for this loss. Casseaux [1985) estimates that approximately one-
quarter (26%) of rainfall falling in Pinellas County reaches Tampa Bay - either
as straamflow, direct runoff, or groundwater flow. Based on these findings, it
was assumed that 26% of the hydraulic load of treated wastewater effluent
from land application facilities reached the bay. To account for variabllity
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within the watershed, a range was estimated of 15% and 35% of the total
discharged land application flow to be delivered to the bay.

In addition, TN, TP, and TSS concentrations were assumed to be reduced
through assimilation, uptake, and filtering of the effluent during its path from
the point of discharge to the receiving water. These values were developed as
a result of the review of numerous references on the behavior of nitrogen and
phosphorus in the environmeant.

. Nitrogen

Land application of wastewater affluent can utilize parcolation ponds or spray
irrigation facilities. Percolation ponds behave much like septic tank systems,
{on-site wastewater treatment systems, or QWTS) in that the effluent from the
pond is discharged directly to the unsaturated zone above the water table.
Sprayed effluent has the benefit of increased evaporation, volatilization of
ammaonia nitrogen, vegetative uptake, and chemical conversion from bacteria
in the soil. These processes can greatly reduce the amount of nitrogen
remaining in the effluent when it reaches the shallow groundwater.

Inthe infiltration system, effluent-borne nitrogen travels downward through the
unsaturated zone towards the water table. Volatilization, adsorption,
mineralization, biological uptake, and denitrification occur at the land surface
and in the root zone. However, the major transformation process in the
unsaturated soil zone is nitrification. During this process, aerobic bacteria
transform organic and ammonia nitrogen into nitrate. The nitrate ion is very
soluble, and moves freely with the groundwater flow (Otis et al., 1993; Cantor
et al., 1986]. These processes are illustrated in Figure 3-5. Although
nitrification does change the form of nitrogen, it does remain in solution. If
conditions favorable for denitrification are present, up to 20% of the nitrate can
be volatilized to elemental nitrogen gas during the infiltration period (Otis at al.,
18993). Volatilization and biological uptake rates are generally higher for
sprayed effluent because of prolonged exposure 1o the atmosphere and
vegetation. Because of its solubility and anionic nature, nitrate is very stable
in the agueous environment and can migrate great distances in groundwater
with little transformation or attenuation.

- Phosphorus
In contrast, phosphorus is usually effectively retained in soils, with only low
concentrations typically reaching the water table (Cantor et al., 1986). Many

monitoring programs have documentad only minimal migration of phosphorus
through the subsurface media. In the unsaturated zone, phosphorus is found
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in proportions of approximately 85% ortho-P and 15% organic-P. As shown
in Figure 3-8, at low concentrations phosphorus is subject to sorption to
carbonate minerals. At high concentrations, phosphorus may precipitate,
forming a wvariety of relatively insoluble compounds. This constrains the
rmigration of phosphorus in groundwater under most circumstances. Howewver,
under low-term or high application rates, the retention capacity of the soils may
become exceeded. Undear these conditions, phosphorus may migrate within the
groundwater environment (Otis et al,, 1993).

. Suspended Solids

Subsurface migration of suspended solids is constrained mainly by physical
process. Solids that are discharged with the treated effluent are mainly
retained at the soil surface, although some migration may occur under high flow
conditions or if the soils are very coarse and lacking in organic material.

pading Rates for Lan

Based on these chemical characteristics and a review of the literature, it was
estimated that between 70 and 95% of the TN was removed for spray
irrigation facilities. The City of St. Petersburg wastewater treatment facilities
are operated so as to maximize the ammonia content of nitragen in effluent.

A high ammonia content increases the rate of volatilization and plant uptake of
nitrogen from the effluent. Therefore, a nitrogen attenuation rate of 95% was
used for St. Petersburg plants. A nitrogen attenuation rate of 90% was used
for all other spray irrigation facilities because much of the nitrogen in the
sprayed effluent is in a form less available for volatilization and plant uptake
(nitrate).

Also, between 50% and 70% of nitrogen in percolation ponds was removed,
between 70% and 95% of the TP was removed, and between 70% and 95%
of the TSS was removed. For the computations described below and the
results presented in Section 5, the low end of the range of loadings (highest
removal] was used. Literature references used to develop thase TN and TF
removal efficiency rates are summarized below, and listed in Section 6.

Therefore, to estimate nutrient loads from domestic wastewater land
application facilities, the following computational steps were used. The
hydraulic loading from land application, (the total flow rate of effluent
discharged from a treatment plant] was multiplied by 0.26 based on the
findings of Casseaux {1985). The concentrations of TN, TP, and TSS, were
multiplied by the higher estimates of chamical removal. The removed fraction
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Figure 3-6
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was subtracted from the total. For computational purposes, this is the
equivalent of multiplying the "end of the pipe" monthly average concentrations
of TN by the attenuation factor (0.9 to 0.95 for spray irrigation, 0.7 for
percolation ponds), TP by 0.95, and TSS by 0.95. The point source loading
results shown in Section § include only 1991 data for surface discharges, to
account for improvements to treatment or disposal components of the point
sources made during the 1980°s, as discussed above.

One pollutant source that may be included with point source loading estimates
is septic tank (QWTS) loadings. OWTS are regulated to minimize the potential
for groundwater and surface water contamination, but site specific conditions
or lack of maintenance leading to failure of the OWTS may produce locally
significant pollutant loadings. Although domestic waste loads for the
benchmark period were estimated as originating from septic tanks as described
in Section 4, no explicit accounting for septic tank loads from the existing
period was completed. However, it is assumed that septic tank effects are
implicitly accounted for in the gaged portion of the watershed by use on
measured streamflow and water quality data.

As described above, the separation of nonpoint and point sources of water in
the measured flow data were necessary whenever estimates of the nonpoint
source companent of streamflow were desired. In these cases, the point
source flow estimate was subtracted from the measured flow. Whenever the
regression model was used to estimate flows for either gaged or ungaged
areas, the point source flow was added to the model estimates of nonpaoint
source flow to provide estimates of total streamflow.

i leul

TN, TP, and TSS loads to Tampa Bay were estimated for existing condition
point source facilities with land application of effluent. For these estimates, it
was assumed that not all of the nutrient and solids loads (loads) that were
applied to the land, were delivered as loads to the bay. Loads were calculated
based on a reduction to both flows and constituent concentrations, The
following ranges of reduction factors were developed:

TN (spray irrigation] + 70 - 95% reduction
TN (percolation pond}  : 50 - 70% reduction
TF (all) : 70 - 95% reduction
TSS (all) ; 70 - 85% reduction
Flow (all} : 65 - 85% reduction
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TN, TP, and TSS reductions were based on literature values for nuirient
behavior in the subsurface environment and local groundwater monitoring data.
General assumptions include:

- Recorded monthly values for domestic effluent for facilities with land
application were used as the "influent™ value.

® Initial concentration reductions result from above-ground and root zone
processas, followed by downward migration through the unsaturated
zong, to the water table.

L] Some additional removal of TN, TP, and TSS may occur during waste
stream movemeant towards the receiving water (surface water), through
the surficial aquifer. Howaever, this additional removal is thought to be
relatively small, so there was no accounting for varying distances of
affluent travel among individual sources.

. Removal rates for nitrogen in effluent are higher for spray irrigation than
for percolation ponds because of enhanced volatilization and plant uptake
that occurs with spray facilities, The City of St. Petersburg wastewater
treatment plants operate to maximize the ammonia proportion of nitrogen
in the effluent. This enhances plant uptake and volatilization of nitrogen,
and supports the estimated 95% removal rate calculated using monitor
well data, as discussed in Appendix 6.

Literature References

Several references were reviewed to determine a range of TN, TP, and TSS
removal rates and efficiencies for domestic waste effluent. Summaries of
findings or excerpts of these studies listed below:

Reichenbaugh et al. (1973} - TN concentrations were shown 1o be reduced by
50 to 100%, and TP by 15 to 93% in samples from some monitoring wells
downgradient from a domestic spray irrigation site in St. Petersburg, Florida.
Other monitor wells at the site yielded samples showing no increase in TN
concentrations.

Yurewicz & Rosenau (1986) - Sampling monitoring wells downgradient from a
domestic spray irrigation site in Tallahassee, Florida found TN concentrations
wera reduced by 33 to BO%, and TP by 100% in samples from wells
downgradient from tha application site.

Franks (1981) - A review of spray irrigation sites in Florida found that at a
spray irrigation site in Tarpon Springs, both TN and TP had 90% removal after
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900 feet of travel. A site in Lakeland showed TN concentrations reduced to
background levels after 8 feet of travel, and TP reduced to background levels
after 4 feet of travel. A site in Eustis showed 0% TN removal after 4 feet of
travel, and TP removal of 50% after 4 feet of travel.

Martin (1990) - This model septic tank ordinance, produced for
SWFWMD/SWIM states that typical TP removal rates can vary from 85 to
95%, and that TSS reduction is typically 50 to 60%.

Cantor et al. (1986) - Reports 20 - 35% as typical removal rates for TN in the
soil unsaturated zone, on a nationwide basis. This removal rate does not
account for above-ground processes such as volatilization and biological uptake
by plants.

Otis et al. (1993) - Stares that nitrification is the major process that transforms
nitrogen in the subsurface environment. Because the resulting nitrate is very
soluble and chemically stable, very little transformation occurs once the water
table is reached. He states that (for OWTS), "...it is usually assumed that all
the nitrogen applied to subsurface wastewater infiltration systems ultimately
reaches the groundwater." However, denitrification can be a significant
process if anaarobic conditions exist, resulting in up to 20% reduction In nitrate
levels within the soil layers, especially in fine-grained systems of clays and silts.

Postma et al. (1992) - Lists OWTS TN reduction rates as low, typically 10%,
again on a national scale and not accounting for above-ground and root zone
pProcesses.

Camp, Dresser & McKea (1992) - Assumes 90% reduction in both TN and TP
concentrations for land application of effluent in Sarasota Bay watershed.

Analysis of City of St. Petersburg Reuse Monitor Wells

The City of St. Petersburg Public Utilities Department maintains and monitors
a network of monitor wells located at selected spray irrigation reuse sites.
Water quality samples from these wells provide data that are used to determine
what, if any, impact the reuse water has on local groundwater quality. An
analysis of monitoring results was completed to determine if any increase in
nitrogen or phosphorus in groundwater should be attributed to the application
of reuse water. This is an empirical means of estimating nitrogen removal rates
for nutrients introduced into the environment through the application of reuse
water. A summarization of the analysis and results of the monitor well data is
presented in Appendix 6. The nutrient removal rates obtained from that

analysis are used in this loading analysis, as described above.
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3.2.2 Springs

Although not usually identified as point sources, springs have been so classified for
computational purposes in this work., Springs identified as significant point source
discharges in the Tampa Bay watershed include Crystal Springs, Sulphur Springs,
Buckhorn Springs, and Lithia Springs. Other springs do exist in the watershed, but
have relatively small discharges and were not considered in this loading analysis. As
with domestic and industrial point sources, recorded flows and water quality data
were used to estimate freshwater inflow rates and pollutant loadings. The methods
used to calculate flows and pollutant loadings from springs follow those described
above for other peoint sources. Awverage TN, TP, and TSS concentrations were
multiplied by average monthly flows to yield monthly TN, TP, and TSS loading.

Spring discharge data were obtained from USGS, including site 02302000 at Crystal
Springs, site 02306000 at Sulphur Springs, site 0230169% at Buckhorn Springs
{Buckhorn Creek], and site 02301600 at Lithia Springs. Crystal Springs is located in
a gaged basin within the Hillsborough River watershed and its flow was accounted for
by the downstream gage. Buckhorn and Lithia Springs {tributary to the Alafia River),
are themselves gaged, but are not within any other gaged areas. Likewise, Sulphur
Springs is gaged, but is not in the gaged portion of the Hillsborough River, Therefore,
these three springs were treated as direct surface discharge point sources. Water
quality data from USGS data reports and SWFWMD (DeHaven, 1991; Jones, 1993)
were used to develop these flow and loading estimates. For these four springs, only
periodic flow and water quality data were avallable. Most sites had four or less
discharge and water quality records per year. To estimate monthly flows, water
quality values for the pariod 1985 through 1991 were averaged, and the average
value was used. Discharge values were estimated by linearly interpolating between
the recorded flow values.

3.3 Atmospheric Deposition

Atmospheric deposition is that fraction of the total pollutant load delivered to a
receiving water body from the fallout of airborne pollutants. This includes input from
boeth rainfall wetfall} and airborne (dryfall) pollutants. Major sources of atmosphernic
nutrients include stationary sources such as power plants and other industries, and
mobile sources, mainly automobiles (Molesch, 1991). Natural sources of atmospheric
nutrients are not well quantified, but are believed to be less significant than other
sources. Both phosphorus and nitrogen are transported and deposited to water bodies
via atmospheric routes.

For these loading estimates, only nutrients delivered to the open water estuary were

accounted for as atmospheric input. Atmospheric deposition to the watershed is a
major contributor of nutrients in stormwater runoff, but is difficult to quantify.
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Precipitation volume (rainfall depth times the open water area of the bay) and pollutant
concentration data were used to estimate pollutant loads delivered directly to the
estuary via atmospheric deposition. Loadings were calculated on a monthly basis for
each bay segment by multiplying the precipitation volume (exprassed as volume per
unit time) by the pollutant concentration {(expressed as mg/L) to obtain a wet
deposition load.

Pollutants are also delivered to a watershed via dry deposition [dryfall). Accurate
estimates of dry deposition are extremely difficult to obtain. A generally accepted
approach to estimating total atmospheric loading is 1o multiply the wet deposition
loading by a factor which accounts for the fraction of the total deposition load which
is delivered as dry deposition, Regional estimates of the ratio of dryfall to wetfall vary
from 0.30 (CH2ZM Hill, 1992} 1o 2.04 (Environmental Science & Engineering, 1987).
The Florida Power Coordinating Group (FCG) sponsored the Florida Acid Deposition
Stwudy (FADS), a multi-year {1980-1985) sampling and modeling program. Their
results, for several sites in Florida (including Hilisborough County), suggest that wet
to-dry deposition ratios within Florida fall within a fairly narrow range {1.4-2.04), with
the Hillsborough County ratio among the higher values (2.04). Because this value was
determined through a long-term monitoring proegram, and is for local conditions, a wet
to dry deposition ration of 2.04 was used. Therefore, measured wetfall
concentrations were multiplied by 3.04 to account for the dry deposition companent,
yielding an estimate of total atmospheric deposition.

Data for wet deposition concentrations were obtained from two sources. Because
field data collection is very difficult for this pollutant source, only data sets with a
high level of quality control and confidence were used. One of these is the National
Atmospheric Deposition Program (NADP), which continues to monitor rainfall quality
across the country. Monthly values for TN and TP for the period 1985 through 1991
were obtained. Data from the NADP sampling site located closest to Tampa Bay
(Verna Wallfield, in south central Manatee County) were used. The other source of
rainfall quality data were the Tampa National Urban Runoff Study (NURP). Data from
four sites in Tampa were collected during the mid 1980's (Metcalf & Eddy, 1983).

The values for wetfall (rain) loading from the two sources were compared. NURP
reported a range of TN values of 0.1-7.27 mg/L, with a mean of 0.92 mg/L. The
range for TP concentrations was reported in NURP as 0.01-0.62 mg/L, with a mean
of 0.195. The mean value represents an average concentration of B-10 events at
each of the four sampling sites, NADP does not sample for phosphorus, so no data
for that parameter exist from that program. However, the NADP mean total nitrogen
concentration of 0.86 mg/L compares very well with the NURP mean concentration,
and was therefore used. The NADP mean nitrogen value is the mean monthly value
for all storms occurring at the Verna Wellfield site between 1985 and 1991.
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3.4 Groundwater

Groundwater provides another source of freshwater and nutrient loading to Tampa
Bay. The surficial {water table) aguifer, intermediate aguifer, and Floridan aquifer all
contribute freshwater to Tampa Bay. Estimates of groundwater inflow rates were
obtained from Hutchinson (1983) and Brooks et al. (1993). Flow estimates for both
investigations were calculated using Darcy’'s equation (Walton, 1970), a well-
recognized analytical method for estimating groundwatar flow.

These reports provide estimates of wet and dry season groundwater inflow to Tampa
Bay. Brooks et al. also estimated seasonal nutrient loadings to the bay. Results of
Hutchinson and Brooks were graphically displayed as arrows showing genaral inflow
zones to the bay, with the arrows sized proportionally for the amount of flow, which
was provided in numeric form. For the purposes of this model these estimates were
apportioned to each of the bay segments.

Only groundwater inflow that entered the bay directly from the shoreline or bay
bottorm was considered. Groundwater inflow to streams in gaged portions of the
watershed was accounted for in the measured streamflow data. Groundwater inflow
to streams in the ungaged portion of the watershed was not included in this analysis.

This summary of Floridan aguifer infiows used information from both referenced
studies, and included data from 1978, 1985, and 1980. Surficial aquifer data from
1982 were used. These were stated to be the most recent available data suitable for
these calculations (Brooks et al., 1993).

Using data on TN and TP concentrations for groundwater {DeHaven, 1931; Jones,
1993; Watson, 1988; Kelly, 1988(a and b); Jones, 1990) and the flow estimates, the
groundwater loading component for each aquifer was estimated. For these loadings,
the seasonal estimated groundwater flow rate (expressed as volume per unit time
such as million gallons per day) was multiplied by the overall average pollutant
concentration (mg/L). The resulting loads were expressed in mass/time, such as
kg/month or tonsfyear on a monthly basis for wet and dry seasons. Estimates of
groundwater inflows were in the range of two orders of magnitude lower than the
other major sources. Calculations summarizing estimates of existing groundwater
inflowws and TN and TP loadings are shown in Appendix 7.

3.5 Fugitive Losses of Fartilizer
Fugitive losses from loading docks at port facilities constitute another source of
industrial nutrient loading, and is classified as a point source for this analysis. In

particular, bulk phosphate fertilizer is subject to product losses ("shrinkage”) during
its transfer from land carrier to storage facility, and onto vessels for shipping. Product

3-23



is lost both through washing into the bay with stormwater runoff, and via fugitive
dust. Fugitive losses occur at facilities at the Port of Tampa, in the Coastal
Hillsborough Bay basin, and at Port Manatee, in the Coastal Lower Tampa Bay basin.

Estimates have been made of the volume of fertilizer lost during these material
transfers, expressed as a percentage of the shipped tonnaga. In response to initial
fugitive emission loading estimates (AScl, 1993(b}) based on a previously developed
loss rate of 0.05% (Cardinale and Dunn, 1991), IMC-Agrico, Inc. submitted a detailed
estimate of losses of phosphate rock and fertilizer products from their Tampa Bay
facilities at Port Redwing and Big Bend {IMC-Agrico, 1994). Using annual data for
tons of phosphate rock and fertilizer products shipped from the Port of Tampa and
Port Manatee, refined estimates of fugitive emission losses were completed (Maorrison
and Eckenrod, 1994). These estimates suggest an overall loss rate of 0.02% of
product shipped.

Short-term nutrient loading can also oceur in the event of a major spill of fartilizer
product or processing chemical. Although major spills are rare, significant amounts
of nitrogen ar phosphorus can anter the bay in their event. An inventory of reported
spills of nutrient-rich material was completed, and is summarized in Appendix 15.
Two major potential spills were reported during the time period 1985-91, one of
ammonia and one of phosphoric acid. The spill data were not used in the average
annual loading estimates discussed in this report. However, they are included in a
time-series analysis of total TN and TP loading used as input for the TBENEP statistical
model and the SWIM box model.
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4.0 DEVELOPMENT OF ESTIMATES OF NUTRIENT AND SUSPENDED SOLIDS
LOADINGS FOR BENCHMARK CONDITIONS

As discussed in Section 1, the benchmark period includes the years 1938-40, and
was used as a reference paint from which to compare changes in freshwater inflow
and pollutant loadings from existing levels. As with the existing condition analysis,
benchmark freshwater inflows and pollutant loadings were estimated for all major
sources, and are summarized on a bay-wide, bay segment, and major drainage area
basis. Data and methods used to derive these estimates are described below.

4.1 Nonpoint Sources

Nonpoint source inflows and loadings were calculated in much the same way as for
existing conditions. Because current rainfall was used for the benchmark calculations,
period streamflow data are not appropriate for use, and the watershed must be
analyzed as an ungaged area. Freshwater inflow and pollutant loading calculations are
developed using techniques similar to the existing conditions analysis, as described
below. Current precipitation data were used to generate nonpoint source flows for
the benchmark period so that a direct comparison could be made to changes in flows
and loadings, having removed any variation attributable to changing rainfall patterns.

4.7.1 Subbasin Delingation

The watershed characteristics data base used 10 calculate nonpoint source loads
includes land use and subbasin boundaries. Major subbasin boundaries for the Tampa
Bay watershed have sustained only minor local changes, with few exceptions, so that
the current GIS coverage was also used. Minor subbasins boundaries, in contrast,
have undergone extensive changes over the past fifty years. Examples include the
coastal streams in northwest Hillsborough County and central Pinellas County.
However, these drainage divides do not impact this analysis, which is on the bay
segment and major drainage basin scale.

4.1.2 Land Use

Period land use information was developed from aerial photographs produced by the
SCS during 1938-40 (SCS, 1940) which were obtained from the National Archives.
The areal distribution of each of four major land use categories {urban, agriculture,
water/wetland, and undeveloped land - "forest”) was determined. These four land use
categories were chosen because all of tha FLUCCS and aggregated land use types
could be assigned to one of these four major categories by virtue of their runoff
quantity and quality characteristics, Additionally, the level of detail in the aerial
photographs was not sufficient to delineate more than these four groups without
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introducing substantial uncertainty. Therefore, "urban” land included all residantial,
commercial, industrial, mining, and other developed or impacted areas. "Agriculture”
included only groves and row crops. Because pasture and rangeland were less
managed in the benchmark period, these areas were included with the undeveloped
land, "forest.” "Forest” included all upland areas that did not fall into the urban or
agriculture categories, "Water/wetland® included all freshwater open water bodies
and weatlands,

The benchmark land use coverage for the entire watershed was estimated using a
stratified systematic sample. The strata were based on major land cover patterns
observed on the period photographs, and were recorded in a GIS coverage. Estimates
of percent coverage of each of the four land use categories were computed from a
systematic grid sample for all areas. The grid spacing was chosen subsequent to an
analysis that was completed to assess changes in the precision of estimates of land
use percent area that would result from different sampling intensities (grid spacings).
In this analysis, a base grid of one kilometer {1 km) sguare was overiaid on an aerial
photograph of a region of the watershed. The test area, near the eastern limits of the
1940 Tampa urban area, had a wide range of land use type areas. This ensured an
appropriate grid spacing for all portions of the watershed. The percent land use of the
four major categories (urban, agriculture, water/wetlands, and forest) for this region
was estimated by sampling at each node of the grid and calculating the proportion of
samples within each land use type.

The precision of estimates based on a 2 km grid was assessed by estimating percent
land use using only the grid nodes from the base grid that are 2 km apart. This
resulted in four different sets of node points (realizations) of the 2 km grid. The range
of estimates for each land use type was calculated based on the four realizations.
This analysis was repeated for 3 km and 4 km grids, as shown on Figure 4-1 resulting
in 9 and 16 realizations, respectively. Ranges of land use estimates were compared
across grid sizes,

The results indicate that precision decreases as grid size increases. For all land use
types, precision decreased significantly as grid spacing increased from 2 km to 3 km.
The greatest reduction can be seen in Figure 4-1 for the forest land use, which had
the largest land area coverage in the test area. Reduction in precision betwean the
3 km 10 4 km grid was not as drastic. Therefore, a 2 km systematic sample spacing
was used, and this produced acceptable estimates of the land use coverage in each
stratum,

The results of this land use coverage sampling were incorporated into a GIS layer, and
the land use acreage were used to generate streamflow estimates using methods
described in Section 3-1. In this procedure, the statistical regression model was used
1o estimate streamflow valumes for a given rainfall. The variables and methods used
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to generate benchmark streamflow estimates are the same as for existing conditions.
To estimate pollutant loads, TN, TP, and TSS concentration values for each of the
four major land use types (urban, agriculture, water/wetlands, and forest), were
developed by adjusting the existing land use-specific water quality concentrations to
account for changing land use practices. Changes in land use practices include
variations in agricultural fertilizer and irrigation methods and the general lack of
domestic landscaping irrigation and fertilization. The benchmark water quality
concentrations for the four land use groups are shown in Appendix 8.

For the purpose of this investigation, the benchmark streamflow and pollutant
load estimates were made using the existing rainfall amounts. This allowed a direct
comparison of benchmark and existing streamflow and loadings to be made, having
removed any variation attributable to changing rainfall patterns and amounts.

4.1.3 Gaged Area Streamflow and Pollutant Loading Estimates

The gaged portion of the Tampa Bay watershed was much smaller in the benchmark
period, because there were far fewer stream gage sites than currently exist. Four
USGS gaging stations were identified with data for part or all of the benchmark period

(USGS, 1993}, including the following sites shown in Table 4-1:

Table 4-1 Benchmark Gaged Stream Flow Stations

F ——

Beginning of

USGS Gage Number and Name Period of Record

02300500 Little Manatee River near Wimauma | 1939
02303000 Hillsborough River near Zephyrhills 1940
02304000 Hillsborough River at Fowler Avenue | 1934
02304500 Hillsborough River near Tampa 1939

Monthly average flows for these stations were obtained for the benchmark period, and
used 10 develop monthly streamflow estimates for the gaged portion of the
watershed. No measured surface water quality data were found for this period.
Tharefore, land use-specific water quality loading coefficients were revised for
benchmark conditions, as described below. These coefficients (TN, TP, and TSS
concentrations in mg/L), were multiplied by the average monthly flow rate generated
in each major drainage area by each land use to develop estimates of gaged area
pollutant loading, expressed as mass/time, such as pounds/month.
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4.1.4 Ungaged Area Streamflow and Pollutant Loading Estimates

As with the existing condition analysis, benchmark loading estimates for ungaged
basins were made using the regression analysis that relates rainfall, land use, and soil
types to stream flow. The banchmark land use and existing precipitation data were
applied to the regression equations shown in Section 2 to develop streamflow and
nonpoint source pollutant loading estimates. The benchmark loadings were calculated
using rainfall from the existing conditions period so that changes in pollutant loadings
will not be due to variation in rainfall between the benchmark and existing periods,

As described in Section 2, the regression model, as developed for the existing
condition analysis, was used with coefficients that are specific to either of two basin
types - more (greater than 19%) urban or less (less than 19%) urban. Regression
coefficients were also determined for wet and dry seasons. Benchmark streamflow
and pollutant loads were estimated for the gaged and ungaged areas using Equations
2 and 3 from Section 2.

4.2 Point Sources
4.2.1 Domestic Point Sources

Loadings from point sources from the 1938-40 period were difficult to quantify.
Reparting requirements for facility operation were few, and only limited records were
kept. However, very few facilities generated point sources discharges during this
period. Based on extensive interviews, the few domestic wastewater treatment
plants that were in operation during this period were identified. Wide-scale centralized
wastewater facllities were first operated in the Tampa Bay watershed in the early
1950°s. The information obtained suggested that very few, probably less than 5,000,
of the bay area’s residents had centralized sewer in 1940, and that the treatment
provided included only screening, and in a few cases, chlorination. Therefore, the
benchmark domestic point source inputs were treated as if they were entirely
generated by septic tanks, cesspools or direct discharge. A description of wastewater
treatment facilities that were operating in the watershed during the benchmark period
is included as Appendix 8,

Population estimates of the benchmark period were used to calculate potential 1otal
domestic loadings to the bay segments. The Florida Statistical Abstract (Biscoe et al.,
1967) lists 1940 population estimates for counties, cities, towns and unincorporated
areas within the watershed. The estimated 1940 population for the respective
portions of tha watershed tributary to the seven bay segments is shown in Table 4-2.

As stated above, the great majority of residential areas used septic tanks, cesspools,
or had direct discharge of sewage to the nearest surface water body, Estimates for
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domestic waste contributions to loadings were made using analytical technigues and
values for effluent quality and quantity that were developed based on per-capita water
use and typical waste stream components from this period. Based on the assumption
that benchmark per capita water usage was less than existing rates (100 or more),
a value of 50 gallons per day per capita (gpdpc) was used (SWFWMD, 1992).

Table 4-2 Tampa Bay Watershed Estimated 1940 Population

BAY SEGMENT ESTIMATED 1940 POPULATION

Dld Tampa Bay 128,706
Hillsborough Bay 98,702
Middle Tampa Bay 11,201
Lower Tampa Bay 3,991
Boca Ciega Bay 5,581
Terra Ceia Bay 2,500
Manatee River 12,722

WATERSHED TOTAL 263,403

Banchmark effluent quality parameters were developed using existing estimates of
septic tank effluent quality, and adjusting them based on assumed components of the
domestic waste stream from the 1940 period. The following table compares existing
typical septic tank effluent quality (Cantor, 1986}, with estimates of 1940 effluent
characteristics. The reductions in flow and TP concentrations are based on 1) a lower
per capita use of products with these materials in them, such as detergent {Austin,
1984), and 2) changes in waste stream types that are directed to the septic systems
as shown in Table 2-3.

These potential domestic loads were subject to factors to account for uptake and
assimilation of both the hydrologic and chemical components of the waste stream.
The hydrologic flow was reduced by a factor to account for evaporation, transpiration
and recharge. This "flow reduction factor” ranged from 0.6-0.8, and represents a
reduction in flow of between 20% and 40%. The flow reduction factor was
developed for each bay segment’s tributary area, and was based on such factors as
size of the sub-watershed, the location characteristics of the population, and overall

4-6



Table 4-3  Existing and Estimated Benchmark Septic Tank System Effluent

. Characteristics
Time Period Flow TN TP TSS
(gpdpc) {mg/L) (mgiL] {mgiL)
Existing 100-150 40 13 40
Benchmark 50 a0 5 50

land form. Therefore, between 60% and B0% of the total 50 gpdpc effluent flow
entering the domestic waste stream was allocated to the bay and tributaries.

In addition, TN, TP, and TSS concentrations were assumed to be reduced by
assimilation, uptake and filtering of the effluent during its path from the point of
discharge to the receiving water. Based on the same assumptions as described in
Section 3 for land application (percolation pond) of domestic waste effluent, it was
assumed that betwean 30% and 70% of the TN was removed, between 70% and
95% of the TP was removed, and between 50 and 95% of the TS5 was removed.
These values were developed as a result of the review of numerous references on the
behavior of nitrogen and phosphorus in groundwater (Section 3).

To estimate the benchmark domestic point source loading, the total flow rate of
effluent discharged to a bay segment or within a major drainage basin was estimated
by multiplying the per capita flow times the estimated number of people, and
summarized on a monthly basis. This "gross™ flow was then multiplied by the flow
reduction factor to derive the total flow delivered to the bay and tributaries. For these
calculations, it was assumed that 75% of domestic waste disposal was via septic
tank or other on-site treatment facility, and that 25% of the waste stream was
directly discharged into open water bodies.

The concentrations of TN, TP, and TSS listed above were multiplied by the high and
low end estimates of chemical removal, and the removed fraction was subtracted
from the total. For computational purposes, this is the equivalent of multiplying the
septic system effluent average estimated concentrations TN by 0.3 and 0.7, TP by
0.7 and 0.95, and TSS by 0.5 and 0.95 to estimate a high and low end of a range of
effluent concentrations. The revised overall average concentrations wera multiplied
by the revised average flow rate to develop a range of loadings delivered to the bay
and tributaries by domestic point sources, on a monthly basis. The benchmark
domestic point source loading results shown in the graphs in Section 5 include the
low end of the loading estimates. The spreadsheet calculations for this loading
astimation are shown in Appendix 9.
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4,2.2 Industrial Point Sources and Fugitive Emissions

Industrial point sources including phosphate mining and fugitive emissions (phosphate
shipping facilities), were in existence in 1940, but no discharge records for thesa
activities were located. Based on the best available information, estimates of
industrial point source discharges and fugitive emissions were made, as described
below.

A review of historical shipping tonnages for the Port of Tampa gives an indication of
the level of mining activity from the benchmark period. In 1940, approximatealy four
million tons of cargo were shipped from Tampa, with at least half of that phosphate
rock (Fehring, 1985). This is consistent with anecdotal reports that at least three
mines were active in the Alafia River basin in 1940, each producing approximately 2
million tons/year (Florida Institute of Phosphate Research (FIPR, 1993). Additionally,
Corps of Engineers records (1948) report that 1,383,923 short tons of phosphate
rack were shipped from Tampa during 1940,

During the benchmark periad, no shipping facilities existed at East Bay, or at Port
Manatee. Bulk material handling was done at docks at Port of Tampa - Seddon Island
{now Harbour Island] near downtown Tampa, and at the Port Tampa facility on the
southwest tip of Interbay Peninsula near Picnic Island. Additionally, Boca Grande was
a busy port for phosphate products until the early 1870's, and received some of the
phosphate mined in the Alafia basin for shipping.

Based on this information, it was estimated that an average of two million tons per
yvear of phosphate rock were shipped from Tampa during the benchmark period. A
breakdown of the composition of phosphate rock suggests that it is composed of
approximately 14% phosphorus by weight. It was assumed that the value of 0.05%
loss by weight for all product shipped (Cardinale and Dunn, 1991) was appropriate for
benchmark conditions. It was further assumed that one-half the phosphate rock was
shipped from Seddon Island, and one-half from Part Tampa. This results in a
phosphate input from shipping losses to Hillsborough Bay and Middle Tampa Bay of
63,636 kilograms (70 tons) per year each.

Phosphate mining during the benchmark period also undoubtedly resulted in
phosphorus loading to the Alafia River, and Hillsborough Bay. There is much
uncertainty associated with developing these estimates. A minimum of three mines
are said to have operated in the Alafia Basin during this period (FIRP, 1993). Although
the mines were smaller than modern mines, they were essentially unregulated, and
most likely discharged more water and phosphate per acre of mine than presently.
This is fairly certain, since water was not recycled, and no limits on water guality
were in enforced. Therefore, to estimate benchmark loadings from phosphate mines,
it was assumed that three mines operated in the Alafia River basin (one on the South
Prong, and two on the North Prong), and that each facility generated the same flow
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and nutrient loading as occur prasently. Flow and loadings from existing facilities
were averaged and rounded to develop these flows and concentrations, which are:

Flow = 2.0 mgd
TN = 2.0 mg/L
TP = 4.0 mg/L
TSS = 5.0 mg/L

These industrial point source freshwater flows and pollutant loadings were added to
the other source loads, in the same manner as for existing conditions. No other
industrial inputs were considered for the benchmark analysis.

4.2.3 Springs

Spring flow in urbanized or agricultural areas often diminishes with time. This may
often be related to lowering of the potentiometric surface of the confined aquifer
caused by pumping of groundwater. Of the four major springs in the watershed, three
{Crystal, Lithia, and Sulphur) had regular measurements dating from the benchmark
period. Additionally, a few water quality measurements were taken at these sites,
usually only one or two within or near the benchmark period (Rosenau et al., 1977).
These measurements were used to calculate spring discharge and loading for the
benchmark period. As with the existing period analysis, discharge and chemical
concentrations wera interpolated between instantaneous discharge measurements.

4.3 Awmospheric Deposition

Atmospheric loadings of nitrogen and phosphorus during the benchmark period are not
documented. However, the U.S. Congress Office of Technology Assessment (1984)
has reported that atmospheric loadings have shown an approximately linear
relationship with stationary point source discharges (factories, power plants, etc).
They report that these fixed sources were approximately 40% of existing levels in the
southeast U.S. in 1940. Therefore, existing atmospheric concentrations were
multiplied by 0.4 to derive a benchmark rainfall concentration for TN. Existing
precipitation values were used, so that a direct comparison could be made between
existing and benchmark loads, by removing any variation from rainfalls trends.

4.4 Groundwater

Groundwater provides another source of freshwater and nutrient loading to Tampa
Bay. The surficial {water table) aquifer, intermediate aquifer, and Floridan aquifer all
contribute freshwater to Tampa Bay. Several factors most likely have influenced the
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amount of freshwater inflow and pollutant loadings to Tampa Bay in the benchmark
period as compared to estimates of existing conditions. Coastal wells - used for
agricultural, industrial, and potable uses - were not numerous until the late 1950's and
early 1960's, and would not have had a significant impact groundwater flow patterns
until that time (Hutchinson, pers. comm.). In addition, the Port of Tampa harbor ship
channels were not as deep during this period, so the potential for the interception of
horizontal groundwater flow and the promotion of upwards migration of groundwater
through the confining layer was not as great.

However, the level of detail of groundwater levels during this period is not great.
Older potentiometric contour maps of the Floridan aquifer do exist, but they are very
regional in scale, and based on relatively few data points. To estimate benchmark
groundwater flow conditions, both tha flow and quality characteristics were revised.
Intensive groundwater pumping in south Hillsborough and Manatee counties has
resulted in a significant drawdown of the Floridan aquifer in the southeast portion of
the watershed {Brooks et al., 1993). As reported in Brooks et al. (1993], this
assentially pulls groundwater away from the bay, and towards the depression. Brooks
at al. estimated that this results in a reduction in groundwater inflow to the bay of
over 60%.

To account for increased flow to the bay without the groundwater depression,
calculations from Brooks et al. {1993) were reviewed. For the benchmark flow
estimates, flow volumes that had been identified as moving towards the depression
were allocated to Hillsborough Bay, Middle Tampa Bay and Lower Tampa Bay. This
resulted in a net increase of flow to the total bay of over 200% (from an annual
average flow of 98 mgd to 236 mgd). This estimate is consistent with recent
estimates of groundwater flow 10 Tampa Bay made by SWFWMD (Barcelo and Basso,
1993). Computer modeling for the Eastern Tampa Bay Water Use Caution Area study
suggests that approximately 63 mgd of groundwater flowed into eastern Middle and
Lower Tampa Bay during pre-development conditions, as opposed to 2 mgd under
existing conditions.

Nitrate concentrations were also adjusted 1o reflect benchmark conditions. Existing
Floridan aquifer nitrate levels in relatively pristine areas are often lower that 0.001
mag/L. Therefore, that value was used for the entire benchmark groundwater analysis.
Also, benchmark phosphorus levels were halved from existing concentrations. This
resulted in a commensurate lowering of nutrient loading, despite the increased flows,
as shown in Appendix 10. As can be seen in the resultant graphs of existing
loadings, groundwater inputs account for an insignificant portion of the total pollutant
loading for all bay segments.

This concludes the description of the estimation of streamflow and pollutant loadings

for the benchmark period. Section 5, below, summarizes the results of the existing
conditions and benchmark conditions loading estimates.
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5.0 RESULTS AND DISCUSSION

The following text discusses the resulis of the estimates of TN, TP, and TSS loads for
existing and benchmark conditions. Data used to develop the existing conditions
figures are presaented in tabular form in Appendix 12.

5.1 Existing Loads

The loading estimates for existing conditions used the most recent complete data
available, as described in Section 3. MNonpoint source, atmospheric deposition, and
fugitive emission loads were calculated using averaged data from 19856-91. Point
source loadings were calculated using 1991 data, to account for recent improvements
to treatment and effluent disposal systems. However, major improvements to some
phosphate rock and fertilizer manufacturing and shipping facilities have occurred since
1991. Therefore, changes in nutrient loads resulting from these improvemeants are not
accounted for here. Also, accidental spills of fertilizer chemicals are not accounted
for in the following figures. Spills are discussed in Appendix 15, and are included in
the time series estimates of TN and TP loads used as input to the TBMNEP statistical
model and the SWIM box model for Tampa Bay. Estimates of "worst case” and
projected future loads are not addressed in this section, but are discussed in
Appendices 13 and 14, respectively.

65.1.1 Total Bay Loads

Estimated mean annual loads of TN, TP, and TSS were calculated for the period 1985-
91, and are referred to as "existing conditions” loads. Figure 5-1 presents the percent
contribution to the total TN, TP, and TSS loads to Tampa Bay for this period for the
saven pollutant sources examined. Nonpoint sources and atmospheric deposition (1o
the opan water bay only) are the two largest sources of TN and TP lpading for the
1985-91 period, and are estimated to contribute 509% and 27% of the TN load and
25% and 31% of the TP load to Tampa Bay, respectively. Fugitive emissions from
the two major Tampa Bay ports contribute 7% and 15% of the total TN and TP load
to Tampa Bay, respectively. Permitted domestic point sources contribute 9% of the
TN load and 18% of the TP load to the bay. Permitted industrial point sources
contribute 4% and 9% of the total TN and TP load to the bay, respectively. Springs
contributes an estimated 3% of the TN load, and less than 1% of the TP load. Other
groundwater loads have negligible influence on bay-wide loadings.

MNonpoint sources are the major source of TSS loads to Tampa Bay, accounting for
B5% of the total TSS load to the bay. Industrial point sources are the only other
significant TSS source, and contribute an estimated 14%. Domestic point sources
contribute only 1% of the total TSS load to Tampa Bay.
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5.1.2 Bay Segment Loads

Figures 5-2 through 5-4 present the mean annual TN, TP, and TSS loads by bay
segment and source. Factors that influence the size of the TN load include bay
segment size, drainage basin size, land usa compaosition, and point source discharges.
Hillsborough Bay receives the largest TN load of any segment (over 1,500 tons/year).
Middie Tampa Bay receives the next largest load - about 750 tons/year. Old Tampa
Bay and the Manatee River are estimated to receive about 500 tons/year each. Lower
Tampa Bay, Boca Ciega Bay, and Terra Ceia Bay all receive 350 tons/year or less.

Nonpeint sources contribute an estimated 50% or more of the TN load to Hillsborough
Bay, Middle Tampa Bay, Boca Ciega Bay, and the Manatee River. Atmospheric
deposition contributes the highest TN load to the larger segments - Old Tampa Bay,
Middle Tampa Bay, and Lower Tampa Bay. In contrast, only 7% and 10% of the TN
loads to Hillshorough Bay and Manatee River, respectively, can be attributed to
atmospheric deposition because of the relatively smaller surface area, larger drainage
area, and higher point source contributions. The largest point source TN loads occur
in Hilishorough Bay, Manatee River, and Old Tampa Bay, and are estimated to
contribute about 25%, 20%, and 17%, respectively, of the TN load to those
segments. Point sources contribute less than 10% of the TN load to the other
segmeants.

The major sources of TP loading to Tampa Bay are estimated to be atmospheric
deposition, nonpoint sources, and domestic point sources. Hillsharough Bay receives
by far the largest (over 1,600 tons/year] TP load of all segments - almost 60% of the
total load. Atmospheric deposition is highest in the larger bay segments. Domestic
point sources are most prominent in Hillsborough Bay, where they contribute about
45% (700 tonsfyear) of that segment’s annual TP load. Fugitive emissions from the
phoasphate handling facilities are also a major source In Hillsborough Bay, accounting
for 25% (400 tonsfyear} of the segment’'s annual TP load, (almost equal to the
nanpaint source load).

Most of the TSS load to the Tampa Bay segments can be attributed 1o nonpoint
sources. The Manatee River segment is the major exception, where over half of the
TS5 load is contributed by industrial point sourcas. Note that this represents 1991
conditions. Since that time, improvements to a large industrial treatment facilities
have greatly reduced that portion of tha TSS loading to the Manatee River,

5.1.3 Major Drainage Basin Loads
As discussed in Section 3, the TN, TP, and TSS load from each of the major drainage

basins can be estimated for only fugitive emissions, point sources, and nonpoint
sources. Atmospheric deposition and groundwater loads are estimated solely on a bay
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segment basis. Figures 5-5 through 5-7 present these TN, TP, and TS5 loads from
each of the ten major drainage basins, by source.

The TN load from Coastal Hillsborough Bay {600 tons/year) accounts for the largest
TN load {approximately 20% of the totall of all major drainage basins. The other
major contributors of TN loads are the Alafia River (550 tons/year) and Manatee River
(450 tons/year). Fugitive emissions are estimated to account for about 45% of the
TN loads from the Coastal Hillsborough Bay basin and about one-quarter of the TN
load from the Ceastal Lower Tampa Bay basin. Nonpoint sources are estimated to
contribute much of the drainage basin TN load, ranging from over 20% (120 tons/
year) in the Coastal Hillsborough Bay basin to about 95% in the Little Manatea River
(300 1ons/year) and Boca Ciega Bay (150 tons/year) basins.

The TP load from Coastal Hillsborough Bay is also the largest of any major basin,
accounting for nearly 45% (over B0OO tons/year] of the total TP load from all major
drainage basins. The Alafia River drainage basin, the next largest contributor,
accounts for about 30% (550 tons/year) of the total TP load from the major drainage
basins. Fugitive emissions are estimated to account for about 45% and 60%,
respectively, of the TP load from the Coastal Hillsborough Bay and Lower Tampa Bay
drainage basins. With the exception of the Alafia River and Coastal Hillsborough Bay
basins, all the other major basins contribute 100 tons/year or less of TP to the bay.

Major contributors of TSS loads to Tampa Bay, include the Hillsborough River {8,000
tonsfyear], Manatee River (7,400 tons/year), Alafia River (5,500 tons/year), Coastal
Old Tampa Bay (5,300 tons/year], and Boca Ciega Bay (5,000 tons/year) basins. As
seen above, nonpoint sources account for most of the TSS loads bay-wide. Howeawver,
approximately 40% of the TSS load from the Manatee River basin is from nonpoint
sources - the balance is attributable to point sources in this basin, In Coastal
Hillsborough Bay, about 80% of the TSS load is from nonpoint sources and 20% is
estimated to come from point sources. Owver 90% of the TSS loads from tha other
eight major drainage basins is estimated to come from nonpaint sources.

& Paint Source Loads

The praportion of the total annual point source TN, TP, and TSS loads for each of the
major drainage basins from industrial, domestic (land application and surface water
discharges], and springs is shown in Figures 5-8 through 5-10. The surface water
discharge component of domestic point source loads of TN accounts for over 300
tons/year or about 50% of the point source load (8% of the total overall TN load)
from the ten major drainage basins (Figure 5-8). The major surface water discharges
ariginate in the Coastal Hillsborough Bay basin (200 tons/year) and the Coastal Old
Tampa Bay basin (50 tons/year). The Alafia River and Manatee River basins also have
significant surface water discharges. Land-application of domestic effluent is
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a relatively minor source overall. Industrial point sources are relatively important
contributors to the TN point source loads from the Manatee River, Alafia River,
Coastal Lower Tampa Bay, and Hilisborough River drainage basins, and make up about
25% {(almost 200 tons/year) of the total point source load to the bay.

The surface water discharge component is the most important source of the domestic
point source loads of TP, accounting for an estimated 500 tons/year (65% of point
source loads), or about 25% of the total TP load from the ten major drainage basins
(Figure 5-9), Most of this TP load component originates in the Coastal Hillshorough
Bay, Alafia River and Coastal Old Tampa Bay drainage basins. Little of the total TP
point source load can be attributed to land-applied effluent - only about 1%. Industrial
sources of TP are relatively important contributors ta the total TP point source loads
from the Alafia River, Hillshorough River, Little Manatee River, and Coastal Lower
Tampa Bay drainage basins.

Industrial point sources are by far the major contributors to the total TSS point source
loads for the major drainage basins (Figure 5-10), Surface water discharges also
contribute to the point source loads of TSS in the Coastal Hillsborough Bay, Alafia
River, and Coastal Old Tampa Bay drainage basins.

* MNonpoint Source Loads

As with point source loads, the relative contributions to the nonpoint source loads of
TN, TP, and TS5 from each of the major drainage basins can be further examined by
reviewing thase loads alone. In this case, the relative contributions to the total
nonpoint source loads by land use type can be estimated. Figures 5-11 through 5-13
present the TN, TP, and TSS nonpoint source loads from each of the ten major
drainage basins by land use type. For sake of ease of presentation, the land use types
are aggregated into the following categories: urban, agriculture, pasture/rangeland,
undeveloped (forest, water and wetland), and mining. The FLUCCS land use/cover
codes aggregated into these land use types are defined above in Section 2 and in
Appendix 1.

The contributions from the uvrban, agriculture, and pasture/rangeland land use types
clearly account for the majority of the nonpoint source TN loads from most of the
major drainage basins (Figure 5-11), contributing a majority of the nonpoint source TN
loads. The Hillsborough River, Alafia River, Little Manatee River, and Manatee River
basins have the largest relative contributions from undeveloped land (forest/water/
wetland). These estimate loadings do nat imply that individual land cover types
generate all of the nonpoint source loads attributed to them here. Internal processes
{such as in wetlands) can be responsible for transformation of nitrogen inputs from
inorganic to organic forms, irrespective of the total N import/export relationships.
Also, atmospheric deposition in the watershed contributes to nonpoint source
loadings.

5-14



Existing Nonpoint Source Loads

Total Nitrogen
By Land Use Type

Alatia River Forest &
Wetland
Boca Ciega Bay I Agricultura
Pasture B
Rangeland
Coastal HB
. Mining
3
Coastal LTB || :
8 [ | Urban

Coastal MTB

Coastal OTB

Hillsborough River

Littla Manatea Rivar

Manatee River

Terra Caia Bay

| I | I I

0 100 200 300 400 500
Total N Load (tons/year)

Figure 5-11 Existing nonpaint source loads of TN by major drainage basin

5-15

600




Existing Nonpoint Source Loads
Total Phosphorous
By Land Use Type

o
o i
‘ |

Boca Ciega Bay | ‘
Coastal HB ' m

|

Coastal LTB
Coastal MTE ‘r

S
Copstal OTH ,r
) \ .
777, i ‘ Forest &
i I : 1 Waeatland
Hillsbarough River L,-’ 7 3% | -.-
25 | ]
i Agricultura
i | —
Little Manatea River :f' -, :;F’J p——
) . Ve Rangeland
| r / 3 iiming
Manataas River
Urban
Tarra Caia Bay IR
| S | .
0 100 200 300 400

Total P Load (tons/year)

Figure 5-12 Existing nenpoint source loads of TP by major drainage basin

516



Existing Nonpoint Source Loads

Total Suspended Solids
By Land Use Type

Alafia River

Boca Ciega Bay
Coastal HB

Coastal LTB

Coastal MTB [

Coastal OTB

Hillsborough River

Littla Manataa River

Manates River

%

. Kining

Urban

Faorest
Wetland

Agriculture

Pasture &
Rangeland

Terra Coia Bay E
l I i
0

2000 4000 6000

Total SS Load (tons/year)

8000 10000

Figure 5-13 Existing nonpoint source loads of TSS by major drainage basin

8-17



The contribution from the agriculture and pasture/rangeland land use type to the
nanpoint source loads of TP from the Alafia River, Hillsborough River, Little Manates
River, and Manatee River drainage basins is very important (Figure 5-12). Nonpoint
source lpads of TP from the urban land use type are most important in the coastal
areas (Boca Ciega Bay, Coastal Middle Tampa Bay, and Coastal Old Tampa Bay
drainage basins). As with TN, the TP nonpoint source loads from the wetland/water
land cover type in the Hillsborough River, Little Manatee River, and Manatee River
basins are also somewhat important. Mining in the Alafia River basin contributes the
highest proportion, and the largest single land use load, for a drainage area - over half
the total nonpoint source load for that basin.

The contribution from the urban land use type to the nonpoint source loads of TSS
from the Boca Ciega Bay, Coastal Hillsborough Bay, Coastal Middle Tampa Bay,
Coastal Old Tampa Bay, Coastal Lower Tampa Bay, and Hillsborough River drainage
basins is very important (Figure 5-13). The agriculture and pasture/rangeland land use
type contributes most significantly to the TSS nonpeint source loads from three of the
major river basins - the Hillsborough River, Little Manatee River, and Manatee River
basins.

The nanpoint source loads from the ten major drainage basins can also be expressed
as a "basin yield™ or load per unit area. This is derived by dividing the total nonpaint
source load for a drainage area by the land area of the drainage area. Figures 5-14
through 5-16 present the nonpoint source load per unit area for TN, TP, and TSS,
respectively for the ten major drainage basins of the Tampa Bay watershed.

The load per unit area of TN from most of the major drainage basins is similar, ranging
from 2 to 4 Ibs/acre/year {Figure 5-14]. The Boca Ciega Bay, Little Manatee River,
Alafia River, and Manatee River basins had the highest TN load per unit area. The
coastal basins had lower basin yields, ranging from 1-2.5 Ibs/acre/year.

The load per unit area of TP from the Alafia River basin is estimated to be in excess
of 3 |bs/acre/year, much greater than the loads per unit area for the other major
drainage basins (Figure 5-15). Typically, these loads per unit area were approximately
0.5-1 |bs/acrefyear.

The load per unit area of TSS was also generally similar among most of the major
drainage basins, ranging from 30 to 50 Ibs/acre/year (Figure 5-16). The largest TSS
load per unit area was from the Boca Ciega Bay basin where the estimated TSS load
per unit area is nearly 130 lbs/acre/year, Tha next highest load per unit area for TSS
was from the Coastal Middle Tampa Bay basin, and equalled approximately 60
Ibsfacra/yeaar.
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5.2 Benchmark Loads

The estimated pollutant loads for the benchmark period (ca. 193B-40) were complated
as described in Section 4. Figures 5-17 through 5-19 present the benchmark annual
loads by bay segment for TN, TP, and TSS, respectively. Estimated loads by source,
including nonpoint source, point source, atmospheric deposition, groundwater, and
fugitive emissions, are shown. Hillsborough Bay had the highest estimated benchmark
TN load - about 800 tons/year.

The major contributions te benchmark TN loads for all bay segments were from
nonpoint sources and atmospheric deposition (Figure 5-17). The estimated point
source TN loads to Hillsborough Bay were also significant, and were estimated to
contribute a little over 20% (180 tons/year) of the 1otal benchmark TN load to that
segment. No TN load resulted from fugitive emissions during the benchmark period,
because nitrogen was not a component of fertilizer until the late 1940°s.

The largest contributars of benchmark TP loads were estimated to be atmospheric
deposition and point sources. As has been estimated for existing conditions, fugitive
emissions were a relatively important source of TP loading to Hillsborough Bay and
Middle Tampa Bay during the benchmark period (Figure 5-18). The relative
contribution of benchmark nonpoint source TP loading was generally lower than for
TN loads. Atmospheric deposition, poimt sources, and fugitive emissions all
contributed major fractions of benchmark TP loads.

The major contribution to the TSS loads to all bay segments in the benchmark period
was from nonpoint sources (Figure 5-19). Poimt source loads are the only other
source, and contribute only an estimated 5% of the total benchmark TSS load.

5.3 Comparison of Benchmark and Existing Loads

The estimated loads to each bay segment for benchmark and existing conditions can
be compared to estimate [ncreases in pollutant loading to Tampa Bay during the past
50 years. Figures 5-20 through 5-22 present the comparison of TN, TP, and TSS
loads under benchmark and existing conditions, respectively. Overall, benchmark TN,
TP, and TSS loads were estimated to be approximately 50%, 35%, and 25% of
axisting conditions loads, respectively.

In all bay segments except Terra Ceia Bay, the TN load under existing conditions is
considerably greater than that estimated for benchmark conditions (Figure 5-20). The
greatest relative differances are estimated for Hillsborough Bay, Boca Ciega Bay, and
Middle Tampa Bay. On a bay-wide basis, existing TN loading are estimated to exceed
benchmark loads by about 2,000 tons/year. Of that amount, the absolute difference
in both estimated TN loads under benchmark and existing conditions is clearly greatest

5-22



Benchmark Annual Loadings
By Bay Segment

Old Tampa Bay

Hillsborough Bay

Middle Tampa Bay

Lower Tampa Bay

Boca Ciega Bay

| GW
|
Terra Ceia Bay | _: NPS
Y Ps
Manatee River [ oo
W | | | B | S
0 200 400 600 800 1000
Mean Annual TN Loading (tons/year)

Figure 5-17 Benchmark annual loads of TN by bay segment
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Comparison of Benchmark and Existing Loads
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Comparison of Benchmark and Existing Loads
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(780 tons/year and 400 tons/year, respectively), for Hillsborough Bay and Middle
Tampa Bay. There is less difference between the TP load estimates for these two
time periods for Old Tampa Bay, Middle Tampa Bay, Boca Ciega Bay, and Terra Ceia
Bay. With the exception of Terra Ceia Bay and the Manatee River, the TSS loads to
all bay segments under existing conditions are estimated to be appreciably greater
(more than twice as large) than under the benchmark conditions.

A comparison of loadings under the two conditions can be further examined by
comparing the loads by source for existing conditions to the total estimated loads
under the benchmark conditions (Figures 5-23 through 5-25). This approach to
loading comparisons for these two conditions is very interesting, especially with
regard to potential management strategies that would be necessary if it were desired
to reduce pollutant loads to near levels similar to those estimated under benchmark
conditions. For example, Figure 5-23 presents the comparison of the benchmark TH
loads to each bay segment to the TN loads by source under existing conditions. It is
clear from this comparison that current TN loads from atmospheric deposition alone
generally equal or exceed the estimated TN loads under the benchmark conditions for
several bay segments. This is also true for nonpoint source loads of TN 1o
Hillsborough Bay, Middle Tampa Bay, Boca Ciega Bay and the Manatee River. The
estimated current TP loads from atmospheric deposition and nonpoaint sources also
exceed the total estimated TP loads for several segments under the benchmark
conditions (Figure 5-24). Similar results can be seen for TSS loads in Figure 5-25.

5.4 Data Uncertainties, Project Reviews, and Recommendations for Future Study

As discussed above, the pollutant loads generated by this project have been useful for
several related projects. The existing pollutant loads have been used in the TBNEP
statistical model which relates TN and TP loads to chlorophyll 2 concentrations and
light attenuation in Tampa Bay. The results from that model address estimates of the
loads of nutrients and suspended solids that can enter Tampa Bay and still allow
recolonization of seagrasses in areas that historically had supported seagrass beds.

The loads estimated in this project are also being used in another related project
(SWIM Box Model for Tampa Bay! in which a box model attempts to relate pollutant
loadings to chlorophyll 8 levels in the bay. The nonpoint source load estimates are
also being used in a TBNEP project which is attempting a "reality check” by estimating
the potential pollutant load reduction levels that can be afforded by best management
practices in the Tampa Bay watershed. The pollutant load estimates will also be used
in the next year to develop strategies and agreements for pollutant load reductions as
part of the Tampa Bay Comprehensive Conservation and Management Plan. Because
of the many uses of the data resulting from this investigation, it is important to
understand the level of confidence that may be attributed to data used to make the
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loading estimates, the review process that was completed subsequent to the
finalization of this report, and the recommended actions that should be undertaken to
improve the certainty of these results. These items are all addressed below.

5.4.1 Data Uncartaintias

Numerous sources of information weare used to ensure that these estimates of TN, TP,
and TSS loadings to TB are as accurate as possible. An extensive review and revision
process was completed to allow input from numerous individuals and groups in the
public and private sector. However, questions remain about the relative importance
of loadings from many of the pollutant sources. This section describes some of these
uncertainties, some of which may be addressed for future work to allow a higher
degree of confidence in subsequent loading estimates in the Tampa Bay, and other,
watersheds. Major loading sources that were included in this analysis are discussed
below, with an general appraisal of the completeness and accuracy of the data that
were available for use in making the loading estimates.

1) Nonpoint Sources

. Watershed characteristics - generally good data for physical features such as
watershed and subbasin boundaries and soils series delineation. Some

discrepancies were identified, but much good information exists.

L Hydrologic monitoring data - excellent continuous long-term stream flow data
exist from much of the watershed. USGS, SWFWMD and others have long-
term monitoring networks in the watershed. Much of the continuous flow data
is collected at 15-minute intervals, and are commonly summarized to daily
values. Estimates of flows using these data are considered very accurate, and
have the higher level of certainty for any parameter used in this analysis.

. Water guality manitoring data - An excellent network of monitoring sites exists.
USGS, SWFWMD and local government agencies (EPCHC, PCDEM, MCEAC)
have sampling programs within the watershed. One weakness of all these
programs is that samplas are genarally taken on a monthly basis. Although this
does provide good data for spatial and long term temporal trends, one grab
sample par month doas not provide sufficient information to allow modeling
estimates to be developed on a short term basis, such as for storm events.

Also, these periodic samples are generally not taken with regard to stream flow
or antecedent rainfall conditions. From a predictive stand point, it is much
preferable to have measured water quality data over a wide range of conditions,
rather than only from low or moderate flow situations.
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Because water quality sampling in the TB watershed is done on a monthly,
quarterly or even annual basis, estimates of surface water guality cannot be
made with the same confidence as stream flow. It is noted that the cost of
maonitoring program is very high, and that the desire for more complete data
must be balanced with the realities of monetary constraints.

Also, it must be stressed that the monitoring programs in the Tampa Bay
watershed are excellent for tracking temporal trends, and provide more
consistent long term data than almost any region in the state or country.
Therefore, estimates of pollutant loadings made for Tampa Bay should be
regarded as very good, especially with respect to loading estimates made for
other areas without such complete data.

Ungaged streamflow and water guality - for portions of the watershed that are

not monitored for stream flow or water guality, estimates of loadings must be
made using models and literature values of land use-specific water quality
concentrations. Ungaged surface runoff/stream flow and pollutant loadings are
usually modeled using land use-specific runoff coefficients and water quality
concentration factors. Although these factors are based on measured data, this
methodology requires wide generalizations 1o be made about wartershed
characteristics. Additionally, synthesizing and interpreting data from a variety
of field sampling studies is very difficult. Sampling techniques may vary
greatly, often preventing a direct comparison of data gathered from a variety
of studies. Also, it is very difficult 1o find and instrument a site suitable for
collecting water quality data from a catchment with a single land use.

However, regionally-specific values for many of these numbers have been
developed based on local field sampling programs, so the uncertainty
associated with using land use based values is somewhat less for the Tampa
Bay region than many other areas. Despite this local work, much uncertainty
does exist when using this approach to estimating pollutant loads. The site-
specific nature of many land uses prevents an accurate appraisal of their
contribution 1o the nonpoint loadings for a basin. Runoff coefficients and water
quality concentrations for land uses and land covers with the most diverse
character, such as mining, wetlands and agriculture, generally yield results with
the highest uncertainty.

Additionally, many of the monitoring studies were completed several years ago.
Because of changing conditions within many watersheds, such as increasing
atmospheric deposition, increased treatment of surface runoff, etc., (as well as
changing analytical techniques for measuring water quality constituents), field
data older than five or ten years may not be representative of current
conditions.
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Land use-specific lpading estimates - To estimate nutrient loading to a water

body, chemical concentrations are typically measured or estimated from a
variety of sources including nonpoint and point sources, atmospheric
deposition, groundwater, and others as described in this report. However, it
is important to remember that these "sources" are in some cases mearely
pathways for the conveyance of nutrients to the water body, and that the total
nitrogen (TN) and total phosphorus (TP) loadings attributed to these pathways
may in fact originate from other ultimate sources. The most commonly
recognized true sources of imported TN and TP for a typical watershed include
atmospheric deposition, fertilizer application, and the generation of animal
waste (Fisher at al., 1988). Although the importance of these factors is now
commaonly recognized, it is difficult or impossible, at this time, to separate the
ultimate sources of the materials that are measured or estimated and attributed
to a particular component of the total load.

This phenomenon is evident when examining stormwater runoff quality for a
number of land uses. Stormwater from highly urbanized areas commonly
exhibits relatively high concentrations of TN and TP. By examining the
potential sources of these materials, it can be concluded that nitrogen and
phosphorus must typically be imported 1o the system from sources and
pathways such as atmospheric deposition, fertilizer application (for
landscaping), or animal waste (@ minor component in an urban setting).
Similarly, the TN and TP concentrations in stormwater runoff from agricultural
land may be only partially attributable to fertilizer application and animal waste.
Therefore, to control and manage nutrient and other loadings the true sources,
as well as the more obvious pathways, for the delivery of these materials
should be evaluated. Because the relative importance of many true sources and
processes is currently poorly understood, research efforts would be wisaly
spent to examine these issues in greater detail.

Point Sources

Monthly operating reports - MOR records for domestic facilities are generally
complete and submitted to FDEP in a timely manner. Using these records for
estimating loads is made easier because of the uniform reguirements for
manthly reports of flow and chemistry. Because domestic facilities all receive
wastewater with similar water quality characteristics, the same parameters are
sampled at many sites.

Industrial MOR records are much less complete and consistent., This is mainly
a result of different monitoring requirements for different types of industrial
facilities. Because plants may treat widely varying process waters, the
chemicals required for monitoring may vary significantly between sites. Also,
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it is sometimes not required to submit monthly MOR for an industrial facility.
A uniform requirement for monitoring parameters and monthly submittals would
greatly enhance the confidence in MOR data when used for loading estimates.

3) Artmospheric Deposition

L ] Dryfall data - Rainfall chemistry has been widely monitored and is relatively
well-documented with respect to nutrient content on a regional basis.
Howaever, it has proven very difficult to quantify the contribution of dryfall idust
fall) to total atmospheric deposition. The ranges of percent contribution vary
guite significantly (Section 3), and should be subject to continuing study to
maore accurately determine the magnitude of this loading source. Additionally,
the fraction of upland atmospheric deposition that reaches surface water bodies
is not well known. This is subject to numerous factors, and is difficult to
estimate. It would prove very useful to resource managers to develop a
method of astimating the amount of nonpoint source loading that is attributable
to atmospheric depasition.

9.4.2 Project Reviews

The approaches taken in this project to estimating pollutant loads for existing, "worst
case”, future, and benchmark conditions have been subject to an intense review
process.  Initially, the Modeling TAC subcommittee reviewed the hydrologic
components of the loading model in meetings held in February and March, 1993. A
later subcommittee review meeting was held in April to review the loading estimates
and the approach to be taken to estimate pollutant loads under benchmark conditions.
A draft report of the results was circulated by TBNEP in late May, prior to a series of
seminars presented to federal, state, and local government agency staff, as well as
to the Management and Policy committees in June, 1993.

Several additional workshops and review meetings were held during the summaer of
1993. Revisions, additions, and other input from these reviews was incorporated into
the model. Additionally, data uncertainties were recognized and documented. This
report is the result of input from those individuals and groups listed in the
acknowledgements, as well as numerous others.

5.4.3 Recommendations for Future Study

Recommendations for methods to improve the existing loading estimates have been
made by a number of individuals and groups during the review process. Many of the
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suggestions made during that process have already been incorporated into this report.
Some of the recommendations for future refinement of the Tampa Bay loading
estimates include:

Estimate loadings for organic and inorganic nitrogen species in addition to total
nitrogen.

Provide further examination of reclaimed water (land-applied effluent) loading
estimates from several systems.

Frovide estimates of loads fram septic tanks,

Incorporate nutrient exchange with bottom sediments and exchange between
bay segments and the bay and Gulf of Mexico into the loading estimates.

Estimate influence of reservoirs and in-stream retention areas on nutrient
loading to the bay or tributaries.

Improve estimates of nonpoint source loadings from agricultural land and
wetlands with respect to the ultimate source of pollutants that are measured
in runoff fram those areas.

Estimate atmospheric loading contribution to nonpoint source loads in the
watershed.

Improve estimates of nitrous oxide emissions.

Revise fugitive emission loadings to reflect recent improvements in pollution
control measures.

These and other comments and recommendations should be considered in the process
of refining the pollutant loading estimates.
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APPENDIX 1

AGGREGATED FLORIDA LAND USE, COVER AND
FORM CLASSIFICATION SYSTEM CATEGORIES






LURBAN LAND USE CATEGORIES

COASTAL LAND USE CODE FLUCCS CODE

1 - Low Density Residential 1100

[ 2 - Medium Density Residential 1200
3 - High Density Residential 1300
L - Commercial 1400
| & - Industrial 1500
7 = Instiiutional, Transporation, Utilities 1700
8100

8200

B300

AGRICULTURE LAND USE CATEGORIES

—

—

| COASTAL LAND USE CODE FLUCCS CODE |

——

6 - Mining 1600
11 - Groves 2200
2210
2220
2230
12 - Feedlots 2300
13 - Hursery 24040

14 - Row and Field Crops




UPLAND FORESTED LAND USE CATEGORIES
COASTAL LAND USE CODE FLUCCS CODE

8 - Range Lands 1480
1800
18900
2420
2600
3100
3200

3300
9 - Barren Lands 7100

T200
T3040
7400

10 - Pasture 2110
2120

2130
15 - Upland Forests 4100
2110
4120
4200
4300
4340
4400




WATER AND WETLANDS LAND USE CATEGORIES
COASTAL LAND USE CODE ALUCCS CODE
2500
2540
2550
5100
6200

g§210
6220
5230
5240
5300
5310
H 5320

5330
5340
5500
BGO0
G40

G450

17 - Saltwater 5400
9113

9116

9121

18 - Forested Froshwater Wetlands 5100
6110
6150
G200
8210
6240
G300
19 - Saltwater Wetlands 6120
G420
20 - Non-forested Freshwater Wetlands G400
G410
G411
430
6530
21 - Tidal Flats 6500
6510, 6520







AFFENDIX 2

EXISTING CONDITIONS LAND USE-SPECIFIC
SEASONAL RUNOFF COEFFICIENTS



&



Season Land Use-Specific Runoff Coefficients

- — —
Dry Wet
Coastal Land Use Classification and Hydrologic Season Season
Land Use Type Soil Group Runaff Runaoff
Coalf. Coaff.
1) Single Family Residential A 0.16 0,25
B 0.18 0.28
c 0.21 0.31
D 0.24 0.34
2) Medium Density Residantial A 0.25 0.3b
B 0.30 0.40
C 0.35 0.45
D 0.40 0.50
3) Multifamily Rasidential A 0.35 0.50
B 0.42 0.57
C 0.50 0.65
D 0.58 0.75
4) Commaercial A 0.70 0.79
B 0.74 0.83
c 0.78 0.97
D 0.82 0.91
5] Industrial A 0.65 0.75
B 0.70 0.80
C 0.75 0.85
D 0.80 0.90




Season Land Use-Specific Runoff Coafficiants (cont)

—
Dry Wet

Hydrologic Season Season

Land Use Soil Group Runoff C. Runoff C.
&) Mining A 0.20 0.20
0.30 0.30
c 0.40 0.40
(&} 0.50 0.50
7) Institutional, Transportation Utilities A 0.40 0.50
B 0.45 0.55
c 0.50 0.60
D 0.55 0.65
B! Range Lands A 0.10 0.1B
B 0.14 0.22
c 0.18 0.26
D 0.22 0.30
9) Barren Lands A 0.45 0.55
B 0.50 0.60
c 0.55 0.65
(») 0.60 0.70
101 Agricultural - Pasture A 0.10 0.18
B 0.14 0.22
c 0.18 0.26
D 0.22 0.30




Season Land Use-Specific Runoff Coefficients (cont)

Dy Wt
Hydrologic Season Season

Land Use Soil Group Runoft C. Runoff C.
11} Agncultural - Groves A 0.20 0.26
0.23 0.29
c 0.26 0.32
v} 0.29 0.33
12) Agricultural - Feedlots A 0.35 0.45
B 0.40 0.50
c 0.45 0.55
D 0.50 0.60
134 Agricultural - Mursery A 0.20 0,30
B 0.25 0.35
C 0.30 0,40
(] 0.35 0.45
14} Agricultural - Row and Field Crops & 0.20 0.30
B 0.25 0.35
C 0.30 0.40
(5} 0.35 0.45
15} Upland Forested A Q.10 0.185
B 0.13 0.18
c 0.1 0.21
D 0.19 0.24




Season Land Use-Specific Runoff Coafficlents (cont)

Dry Wet
Hydrologic Season Season
Land Use Soil Group Runotf C. Runoff C.
18] Freshwater - Open Water A, 0.8B0 0.90
0.80 0.80
c 0.80 0.80
D 0.80 0.90
17) Saltwater - Open Water A 1.0 1.0
B 1.0 1.0
C 1.0 1.0
D 1.0 1.0
18} Forested Freshwatar Wetlands A 0.50 B0
B 0.55 0.65
c 0.60 0.70
D 0.65 0.75
12] Saltwater Wetlands A 0.95 0.95
B 0.95 0.95
c 0.95 0.85
B 0.95 0.95
20) Mon-forested Freshwater Wetlands A 0.45 0.55
B 0.50 0.60
= 0.55 0.65
D 0.60 Q.70
21) Tidal Flats A 1.0 1.0
B 1.0 1.0
C 1.0 1.0
D 1.0 1.0




APPENDIX 3

EMPIRICAL HYDROLOGIC MODEL VALIDATION PLOTS
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AFPPENDIX 4

EXISTING CONDITIONS LAND USE-SPECIFIC
WATER QUALITY CONCENTRATIONS






URBAN LAND USES

londea tab

Land Use Land Use-Specific Water Quality
Classification Concentrations
Coastal
Land Use Land Use TN TP TS5
Classification | Description | Reference {mag/L) img/L) img/L)
1 Low Density (1) 2.31 0.40 33.0
(LDR} Single (1) 2.14 0.32 28.0
Family i1} 0.605 073 b s
Residential {1} 1.18 0.307 2.5
(SFR) (1} 3.0 0.45 -
I (1) 2.2 0.25 -
() 1.87 0.39 -
min 0.605 0.073 3.5
mean 1.9 0.313 17.93
max 3.0 0.45 33.0
2 Medium min l 0.81 0.053 8.9
(MDR) Density mean 2.05 0.38 35.8
SFR max 3.84 0.59 64.3
{Ses notes)
==— #
3 Multifamily (1) 1.61 0.33 53.0
[HDR}) Residential (1) 2.57 0.45 36.8
{1} 4.68 0.72 95.6
(1) 1.91 0.73 .
(1) 1.02 0.033 67.6
i1} 1.91 0.51 14.3
(4} 1.65 0.33 .
| min 1.02 0.33 14.3
mean 2.19 0.443 53.46
J max 4.68 0.33 95.6




URBAN LAND USES

I Land Use

Land Use-Specific Water Quality

Mining

losden. al

I Institutional

Classification Concentrations
(Data Laow (1) 1.19 0.15 22.0
combined Intensity 1) 1.1 0.10 45.0
for CLUCCS Commercial (1] 0.89 0.16 146.0
code 4}
High (1) 2.81 0.31 94.3
Intensity (1) 3.63 0.82 -
Commercial {1 2.15 0.15 .
4 Combined 1.62 0.12 58.0
Commercial 1.96 0.23
(See notes) 2.36 0.49
Industrial




—

Land Use
Classification

AGRICULTURAL LAND USES

Water Quality Concentrations

Land Use-Specific

I

Coastal
Land Usa

Land Use

10

Pasture

Grove

(1}
{1}
{2}
(3)
(4]

(71

Classification | Description | Reference {mg/L) {mg/L}

TN P
2.37 0.697
2.48 0.27

2.0 0.3

3.0 0.25
1.02 0.16

2.3

TS5
(mg/L}

(51 2.1 | 3.2 -

0.10

1.13

8.6

i3] 3.74 -
i5) 26.0 5.1 -
14 Field Crop (2) 2.5 0.25 -
(3) 2.5 2.5
(4) 3.76 1.13
Mixed Agricultural
10.11 Citrus + {1} 1.57 0.09 -
Pasture (1) 1.33 0.09 4.6
(1) 2.58 0.046 180
i1} 2.68 0.562 .
Ll 3.26 0.24 8.0
11,14 Citrus + (6} 1.78 0.3 5.6
Row Crops

[See following page for summarized agricultural water quality concentrations.)

laa i 18b



SUMMARIZED AGRICULTURAL LAND USE DATA
Land Use Land Use-Specific
Classification Water Quality Concentrations
Coastal
Land Use Land Usae TN ™ TSS
Classification | Description | Reference (mg/L) {mg/L) {mg/L}
8 Range min 0.90 0.02 4.8
mean 1.24 0.01 11.0
max 1.47 0.21 17.3
10 Pasture min 1.0 0.16 B.6
mean 2.66 0.081 £.6
max 5.1 3.2 8.6
11 Grova min 0.92 0.10 5.0
mean 1.67 0.27 5.3
max 2.3 0.41 5.6
12 Feed Lot min 3.74 1.13
mean 18.7 3.8 501e)
max 29.3 5.1
13 Nursery mean 1.67(e) 0.27(e) 5.3(e)
(See notes)
14 Row Crop mean 2.91 0.54 10
[See notes)

koo, tab
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WATER/WETLAND AND FOREST/UNDEVELOPED LAND USES

Land Use Land Use-Specific
Classification Water Quality Concentrations
Coastal
Land Use Land Use TN TP TSS
Classification Description Reference {mg/L) {rmg/L) (mg/L)
8 Open Space/ (1) 1.38 0.07 17.3
Non-forested i1} 0.90 0.02 4.8
(1} 1.47 0.07 -
(4) 1.02 0.16 .
15 Upland {2) 0.1 0.007
Forest (3) 0.2 0.007
(4) 1.02 0.16
16,17 Open Water {1) 0.79

18,20 Freshwater {1) 2.26 0.09 13.4
Wetland {1) 1.02 0.16 -

{1} 1.24 0.018 4.6

{1} 1.88 0.33 12.7
| {4} 0.79 0.17 .

—————____________ i —_—
17 Saltwater MA MA M A
19 Saltwater MA

{1)
{1)

Waetlands

_mﬁﬁn_l

21 I Tidal Flats

Concentrations for CLUCCS code 2 (MDR) are an average of
CLUCCS codes 1 (LDR) and 3 (HDR).

MNotes: ™

losdoo. tab

NA | NA

Concentrations for CLUCCS code 4 (Commercial) are an
average of reported values for "low intensity™ and "high
intensity” commaercial.

Estimated (e) agricultural values were based on similar land
uses data when no land use specific data were identified.

Row crop data were often reported with other agricultural uses.
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POINT SOURCE INVENTORY






POINT SOURCE DISCHARGES

Map Prepared by Cosstal Bmvimomennl, Inc



Domestic Paint Sources

——
FACILITY FACILITY 1D BAY DRAIMAGE BASIN 1
SEGMENT
Haoyette 11 2 Alafia River
Springs
Subdivision ﬂ
Morthwest 112 1 Coastal Old Tampa Hay
Regional
Water
Reclamation
Pebble Creek | 118 2 Hillsborough Bay
Village
Plant City 121 2 Hilisboreugh Bay
Progross 124 2 Coastal Hillsborough Bay
Wiltage
H Rice Creek 128 2 Alafia River
River Qaks 129 1 Coastal Qid Tampa Bay
AWT
Riverhills 133 2 Alafia River
Country Club
Seaboard 143 2 Coastal Hillsborough Bay
Utifities Corp.
South 149a 3 Little Manatea Fiver
Hillsharouwgh
Regional
Sauth 1440k 3 Coastal Middle
Hillsborough Tampa Bay
Regional
Summerfield | 167 2 Coastal Hillsborough Bay
Subregional
Valrico 176 2 Alafia River
Subregional
Dale Mabry 50 2 Coastal Hillsborauwgh Bay 1
Falkerburg 55 2 Coastal Hillsborough Bay
HAoad
Hookers Point | 83 2 Coastal Hillsborough Bay 4‘!
Bloomington | 9 2 Adafiz River




MacDill AFB a8 Coastal Middle
Tampa Bay
Morth County | MCOO03 Coastal Lower
Ragional Tampa Bay
Manatea BCOTT MManatee Rivier
County
Soeuthaast
Subregional
City of MCD77 Terra Ceia Bay
Falmeito
Bradenton MC757 Planatee River
Fine Ridge PCO04 Coastal Dld Tampa Bay ﬂ
City of 51. PC156 Boca Cicga Bay
Petershurg.
Morthwest
City of St. PC1&57 Coaztal Middle
Petarsburg, Tampa Bay
Albart
Whitted
City of 51. PC158 Boca Ciega Bay
Petersburg,
Douthwest
City of St. PC154 Coastal Middln
Pevershirg, Tampa Bay
Mortheast
City of PC520 Coastal Old Tampa Bay
Oldsmar
City of PCE91 Coastal Old Tampa Bay
Clearwater,
East
Cin Top of the | PC749 Coastal Odd Tampa Bay
World
l City of Larga | PCTE0 Coastal Old Tampa Bay
Eastlake PCBBS Coastal Old Tampa Bay H
Waadlands
City of PC3G3 Coastal Old Tampa Bay
Clearwater,
Marthaast
Meadowlands | PEKOG1 Hillshorough Bay l
City of PEZ46 Alafia River
Mulbarry




City of
Lakeland,
Anmificial
Wetlards

FEBS2

Alafia River




brufatnial Point Souices

* .

OAY DRAAINAGE BASIN FACILITY IO FACEITY HAME
SEGMENT
L Conutal Oid Tamipn A0Z8PIII0R SHELL OIL CO PORT TAMPA PLANT
Day
3 Alatia Fiver 4O28PI000T MAGEIL MINING BIG FOUR MINE
2 Alsfin River 40 28F20038 CARGILL IHE,
! I Alafis Fiver A05IP 0040 ESTECH SILVER CITY MINE
2 Klalls Pived AOEIPIO0ET FARMLAND HYDRD L.P.
GAEEM DAY FLANT
2 Alaln Kiver 405AF20095 ACEEL MIMNING
HICHOLS PREF PLANT
F Alafis Rivor A0 PIGHTH MOBIL MIMNING - MIEHOLS pINE "
2 Alalia Fivar 4E5IPTOI1T MULBERRY PHOSPHATES INC.
a Alafin Mivas 4053F20138 IMIC FERTILIZER
HAYNESWORTH MINE
2 Constal Hillsborough H020P 20345 IMC FERTILIZER
Dy PORT SUTTOM TERMENAL
| Caantal Hillsharsugh ATHPIC04E TRADEMARE MITROGEM
Blay
2 Comntal Hillzsborough AO2DP 20054 NITRAM INC.
By
rd Coasial Hillsharsugh A0 TP T00ED SEMINOLE FERTILIZER-ARMMONIA
Bay TERMINAL
2 Coastal Hllsborough 4029920086 TECA GAMNON H
Elay
F | Hillshoraugh River A0 FSM20028 TAMPA CITY OF WATERWODRES
- | Hltsharsugh River 4029P20073 CF INDUSTRIEES-PLANT CITY
CHEM. PLANT
z Hillsboeoagh Fiver S0P 2003 CAYSTALS INTERNATIONAL INC, 1
2 Hillsbharough Fiver SOISPIO0EN FLORIDA SHO-MAN INC. u
2 Hlsbarough River $0SIPT0092 ERLY JUICE INC.
a Hillsborouegh Rivar 405320113 CsX TRAMSPORTATION
WINSTON YARD
3 Coastel Middla Tempas 402920005 TECOD B8G BEND
Day
3 Consial Middle Tampa 4041520074 FOMR STOCK
Bay EMHANCEMENT FACILITY
3 Little Banaiea Rivar 404 1P20020 IMC FERATILITER
FOUR CORMNERS MINE
! Coastal Lowar Tarrga A0 1 P IO000 HU-GULF INDUSTRIES
Bay ROCK TEAMINAL
4 Coartal Lawar Tampa E04 1 P 2000 PINEY POINT PHOSPHATES INC.
Day
4 Coastal Lowsr Terga A0ATP2IT4 COASTAL FUELS MAHKETING INC.
I Manatns Fivar 404 1P 20006 FLORIDA POVWER & LIGHT
il Manatas Rivar 404 VPIDONY TROPCANA PRODUCTS INC
_ e ——————
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APPENDIX &

ANALYSIS OF CITY OF ST. PETERSBURG
REUSE MONITORING WELL DATA






1] Background

The determination of transport and assimilation rates of chemicals in the natural
environment, including groundwatar, is the subject of widespread research. However,
the behavior of many chemicals, in particular nitrogen and phosphorus, appear 1o vary
greatly with site-specific characteristics. Theretore, it is sometimes difficult to predict
these phenomena based on data collected under a variety of site conditions.

Because primary production in Tampa Bay is widely believed 1o be limited by nitrogen,
it was desired to determine the most technically-defansible estimates of nitrogen
loading rates from all potentially important sources. Land application of treated
wastewater is a common method of effluent disposal in the Tampa Bay watershed.
The practice of spray application of effluent (reuse water) for landscape irrigation
provides many benefits, such as introducing vital nutrients to vegetation, and greatly
reducing the use of potable water for irrigation purposes. However, because
eutrophication can occur if excess nutrients reach an astuarine system such as Tampa
Bay, it is very important to obtain as accurate an estimate as possible of the retention
and delivery rates of nitrogen that enters the environment through reuse. The
following discussion summarizes an analysis of local groundwater monitoring data that
were used to aid in this process (see Section 3.B.1). The City of 5t. Petersburg has
been instrumental in obtaining and providing these local groundwater monitoring data.

2] City of 5t. Petersburg Reuse Monitor Well System

The City of St. Petersburg Public Utilities Department maintains and samples
groundwater from a netwoark of shallow monitor wells located at selected reuse
application sites (see location mapl. Results of the sampling data were obtained and
analyzed to estimate potential impacts to groundwater quality from the application of
reusa water., Two sets of data exist. The earlier monitor wells (numbered 770 - 778)
were constructed to screened depths of 19 to 21 feet below land surface. These
wells were sampled from April, 1979 to February, 1992. In 1992 new wells
{inumbered (770A, 772A, 778A, and 777A) were constructed to much shallower
dapths, and their screens intersect the water table surface, These shallower wells
have been sampled from April of 1992 to present.

These wells are constructed within or adjacent to areas receiving secondary treated
etfluent from St.Petersburg municipal wastewater treatment plants. As discussed
below, some of the well sites are thought to be influenced by other sources of
nutrients, such as supplemental landscape fertilization. Groundwater quality data from
the wells were examined to determine what, if any, impacts the reuse water had on
local groundwater quality. Chemicals of interest include ammania (NH,), nitrate (NQ,),
and chloride (Cl). Ammonia is the most prevalent nitrogen species in 5t. Petersburg's
reuse water, and is not otherwise commonly found in high concentrations in an urban
setting. Nitrate is also present in effluent, but is also a common form of nitrogen
found in fertilizer. Chloride is used as a conservative tracer to indicate the presence



and strength of effluent present. Cl concentrations in the effluent averages about 400
mg/L, and background groundwater concentrations are 50 mg/L or less. The location
of the monitor wells discussed below is shown and described following this text.
Graphs showing results of monitoring data also follows.

3} Analysis of NH,, NO, and Cl concentrations in deeper discontinued wells:
Well #7371

Total Kjeldahl Nitrogen (TKN) ranges from 0.50 to 3.0 mg/L during first two years
(1979 - 1981) with an average of approximately 0.8. No TKN data were collected
after 1981, Highest TKN value may be due to lab error, as all wells showed a peak
at the same time.

Background (well 776} NH, ranged from 0.2 to 0.5 mg/L. Background nitrite appears
negligible {generally less than 0.01 mg/L). Effects of effluent first were first picked
up in samples in 1986, seven years after sampling began, as evidenced by a rise in
CL from a background of about 30 mg/L to 400mg/L. After 1986, NH, increased to
an average of about 1.8 mg/L, with a peak concentration of 2.8 mg/L. Nitrate
remainad low.

Conclusion: NH, was not reduced to background before reaching the water table at
this site. Seven year delay for impacts to reach the monitor well may be a result of
the deep sampling.

Waell #7

Cl concentrations did not show a significant increase until 1990, ten years after
sampling began. No clear trend in NH, concentration is evident, but may be slightly
increased over a background of 0.5 mg/L. Mo NH, data exist for 1990 and beyond.
Mo change was observed in NO, which remains negligible small.

Well # 774

NH, and NO, was greater than 150 mg/L for first two (2) years {1979-1989) of
monitoring. This site is near an old landfill. Clis highly variable, and ranges from near
zero to 1700 mg/L. The variability reduces after 1985 when a declining trend begins.
Cl concentration gradually falls from 1600 to about 700 between 1985-1992.

NH, and NO, concentrations fell to about 40 mg/L in 1988 and 1989, down from a
pre-1981 average of about 150 mgil.

Conclusion: Effluent from the spray operation apparently diluted high Cl and NO, in
leachate from the old landfill. This well is of no value for reporting impact of spray
irrigation but does raise a flag regarding potential landfill impacts.



I #77

This is a control well, with no reuse of other identified nitrogen source nearby. NH,
concentrations averaged about 0.6 mg/L for first two (2) years of monitoring (1979-
1981). Sampling was discontinued from 1981-1986. NH, appeared to be at about
the same level when sampling resumed in 1987. NO, showed low concentrations
{less than 0.1 mg/L) at all times,

No discernable change in Cl was observed between 1979 and 19382, although Cl did
rise from below 10 mg/L to above 20 mg/L from 1986 - 1992. Low concentrations
indicate little reuse exist at the site, or that dilution is active.

Conclusion: This site appears to be a valid control.

Well #778

Cl concentrations were very low (less than 15 mg/L) in first two {2} years of
moanitoring (1979 - 1981). Sampling was discontinued during 1981 -1985. Ci
concentrations increased to an avarage of about 250 mg/L (ranging from 100 1o 400)
between 1985 and 1992.

NH; averaged about 0.6 mg/L during 1979 - 1981. Samples taken from 1987 - 1990
show higher NH, concentrations, averaging about 1.0 mg/L, with high values over 1.5
mg/L. The coincident rise in Cl and NH, concentrations suggest that effluent has
impacted water quality at this site,

Well #770

C| concentrations are low (less than 20mg/L) for first two (2) years {1979 - 1981}
with ane peak near 100 mg/L. Cl begins a gradually increasing trend in 1988 and
climbing to peak of 500 in 1991.

NH, concentrations range from 0.7 to 1.4 from 1979 - 1981. Monitoring of NH, was
discontinued at #770 in 1982. NO, had a spike in 1979 of 0.656 mg/L, but was
negligible at all other times.

Conclusions: No conciusions can be made regarding potential impacts of spray
irrigation because of lack of NH, data.

Well #772

No discernable influence of reuse water. NH,, Cl and NG, all remained low from April
1979 10 1992.



Well #775

Cl concentrations were low (less than 50mg/L] from 1979 until 1920, and sharply
rose, peaking at about 400 mg/L in 1991 and dropping back to 175 mg/l by 1992.

NH, concentrations were low (approximately 0.3 mg/L} for 1973 - 1981. No NH,
measurements were made after that date. NO, was low through 1920, and then rose
o 1.75 mg/L in August, 1991 before dropping to 0.7 in February, 1992,

Conclusions:

Strong influence of reuse water was evident in early 1991, followed in about six
manths by high NO, peak, by far the largest of any noticed in deeper wells,

Well #777

Cl was low for the period 1979 through 1980. Sampling of Cl was discontinued until
1985 by which time the Cl concentration was up to an average of about 250 mg/L,
and as high as 600 mg/L in August 1986.

NH, average was about 0.3 - 0.4 for first two (2) years {1979 - 1980}). MNo
information thereafter. NO, was very low throughout.

Conclusions:

Reuse water reaches this well (high Cl} but impact of NH, cannot be determined due
to lack of data after October, 1980.

4} Analysis of NH,, NO, and CI concentrations in new, shallower wells:
Well #7704

CL averaging 80-100 mg/L over the last two years (1992-1993). No background
from this well to compare, but at the deeper well, background was 15 to 20 mg/l.
Cl had peaked at about 500 mg/L at the deeper well just before it was discontinued.

The low chloride concentration at the shallow well compared to the levels detected
at the deeper wells suggests a high degree of dilution in the last several years or a
substantial reduction in Cl in the applied effluent.

Well #7724

This well may be impacted by other nitrogen sources according to St. Petersburg.
The Cl concentration rose from 200 to 300 mg/L since April, 1992 during which time



MNH, oscillated around 2 mg/l. The fact that the ratio of NH, to Cl is quite variable
suggesting factors other than simple dilation of the effluent are influencing these
concentrations. NO, has remained very low except for one value of 0.3 corresponding
to drop in NH, of 0.5.

Wall #775A:

St. Petersburg believes that fertilizer application to a landscaped area adjacent to the
well has influenced the water quality. NO, averages 2.3 mg/l and peaked at 4.5 mg/l.
MNH, average 0.03 with a peak at 0.08.

CL has averaged about 225 mg/ at the new well but peaked around 400 in the deeper
well.

Possible explanations:

1) Fertilizer application results in high NO,. Low NH, suggests no significant
reuse water impact.

2) Applied fertilizer contains NH, and NO,, and reuse water is high in NH,. Soil
nitrifying bacteria may have converted all nitrogen in the fertilizer and the reuse
water to NO,.

Problem with that hypothesis: Why hasn’t the conversion of NH,; to NO,
oceurred at the other shallow sites and the deeper sites? High levels of NH,
have not been measured at any of the other site (except the ones presumably
receiving fertilizer loads.

3] High NO, levels in the reuse water. This is not likely, as all operating reports
for municipal plants show very high ration of NH, to NO,.
Wall #777A:
Same conclusions and questions apply here as to #772.
Further Notes on #775:
The high NO, measured at #775 (deeper well} in 1991 and 1992 (4 values of 0.6 and
above) were probably accurate values. The fact that they peaked almost in phase

with the Cl concentration suggests that they were following a similar diffusion
pattern. The NO, concentrations lag the Cl by about four months but is very similar.



5} Estimation of background nitrogen concentrations

St. Petersburg reuse monitor well data

WELL | Nitrogen concentrations COMMENTS
NH3 NO, DIN

#771 | 0.66 0.04 | 0.70 | Based on St. Patersburg
monitoring results 4/79 - 8/80

#7713 | 0.27 0.03 | 0.30 | Same

#778 | 0.58 0.04 | 0.62 Based on St. Petersburg data
4/79 - B/80

#1770 | 1.14 0.06 1.19 Sama

#7172 | 0.39 0.01 0.40 | Same

#775 | 0.24 0.01 0.25 | Same

#777 | 0.48 0.01 0.47 | Same

AVE | 0.53 0.03 ' 0.56 | I

Other monitoring data of nitrogen concentrations in unimpacted shallow

groundwater
WELL BACKGROUND COMMENTS
MNH, NO, DIN
—-_—

UsSGS 1.70 [ 0.00 | 1.70 | From St. Petersburg

{Reichenhaugh) reuse test site. Average

#CB-1 & CB-2 of 6 samples prior to
irrigation with effluent.
Sampling depth 5-20 ft.

SWFWMD - 0.0 0.001 | 0.001 | From unimpacted sites

VArious reports to 0.1 | to 0.1 | in Tampa Bay
watershed. Summary
of SWFWMD monitoring
data - see cited
literature.

Assume:

Organic nitrogen is not included in the computation of background
and potentially impacted concentrations. This may underestimate



thae impact of reuse water, because although there is virtually no
aorganic nitrogen in the effluent, some portion of the NH, may be
converted to organic nitrogen in the biologically active layers of
soil. Ammonia and nitrate are combined as dissolved inorganic
nitragen (DIN).

Estimated average background DIMN for St. Petersburg water table is:

where: L

W7 x 0.56) +12 x 1.70/9 = 0.B1 mgiL

7 5t. Petersburg wells average 0.56 mg/L

L 2 USGS wells averaged 1.7 mg/L at reuse test site
. to be conservative, watershed-wide unimpacted well
data not used.

Monitoring data of nitrogen concentrations in impacted shallow groundwater

WELL Nitrogen concentrations COMMENT
NH, NO, DIN

771 2.00 0.00 2.00 Ava. of three samples
during period with high
Cl concentration

778 1.50 0.03 1.63 Average of most recent
samples

T72A | 1.90 0.04 1.94 This site may be
influenced by other
S0Urces.

AVE 1.80 0.02 1.82

Wall #770 was not included in the estimate since low CI

ASSUMPTION:

concentrations suggest that the well was not apparently showing
the full influence of reclaimed water. Average Cl levels were only
100 mg/L or less. Cl would be expected to be higher (300 - 400
mg/L) if reuse water had full influence on samples. |f NH; (DIN]
levels were increased in proportion to that required to raise the Cl
concentration to "full impact™ (300/100, or a factor of 3], the DIN
concentration for that well would be 0.62 x 3 = 1.86 mg/L, or
virtually the same as the average for the other wells.



&) Estimation of percent nitrogen removal

Using the results from City of St. Petersburg monitor wells and USGS test wells, the
application of reclaimed water is estimated to raise groundwater inorganic nitrogen
{DIN) concentrations by about:

1.82 - 0.81 = 1.071 mg/L.

where:
L] background DIN concentration is 0.87 mg/L
. impacted DIN concentration is 1.82 mg/L

Concentration of ammonia and nitrate-nitrogen in secondary treated effluent from
municipal plants averaged 17.2 mg/L for the period 1985 - 1991 {from FDEP files of
domestic wastewater monthly operating records). The fraction of nitrogen remaining
in groundwater resulting from spray application of reuse water Is:

1.01/17.2 = 0.059, or about 6%

where:
. concentration increase in groundwater DIN attributed
to reuse water is 1.01 mg/L
. effluent TN concentration (NH; + NO,)is 17.2 mg/L

Therefore, the removal rate of nitrogen from the effluent is approximately:
{1-0.06) x 100 = 94%

The 94% (rounded to the nearest 5%, or 95%) removal rate is applied to the total
volume of effluent, with no further reduction in load based on flow reductions.
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Well #

770

T711

712

T3

T4

15

=adl
=d
Cre

77

778

SPRAY IRRIGATION WELLS

Total Hell
Depth Rerial §

19.0 ft. H=-22 (5-78)
21.0 fFt. I=-27 (5-78)
21.0 ft. G-31 (5-78)
0.5 f£t. H-30 (5-78)
2t 5 EE. R=-34 (5-78)
20.5. k. I-7 [5-T78)
19.5 ft. G-16 (5-78)
19.5 ft. R=-2 (5-78)
20.0 ft. K-22 {5-78)

Lacation Description
7
{Control Well) on the sguthside
of 40th Avenue Horth and east
of 19th Street.

On the southside of S4th Avenue
South between Cordowva Way and
Caesar HWay.

60th Avenue Socuth and 16th
Street. Location in Lake Vista
Park at MNortheast Corner of
main building.

Just sowuth of 5Bth Avenue Harth
on wWwest si1de of l6th Street

(N.E. High School).

Mangrove Bay golf Courae. Take
62nd Avenue N.E. to road which
runs aleng the west boundary to
Busch Field. Located on west
aide of road a short distance
nocth of Busch Field (after
bend in road}).

East of 27th Street on south
boundary of Wildwood Park
{between 12th Avenue and
Langdon Avenue South).

28th Avenue HNocth and 1lth
Street,., (In Park southeast of

center). (&o

South of Ind Avenue Horth on
east side of 72nd Street
(Pasadena Elementary School).

On North =ide of 38th Avenue
Morth and west of 35th Strestb.



WELL #
TTOA

TTZA

TTEA

TT7A

HEW _SPEAY IRRIGATION MONITOR WELL LOCATIONS

LOCATION
Kiwanis Park - East of old wall 770 along parkway by

pilonic area.

Lake Vista — Hove north northeast about 100-150 feet from
old 772 well over by Bprinkler controls.

Wildwood Park - Juat east of ald 775 well along aidewalk.

Pasadena Elementary School - MMove north about 100 feet
along parkway from old T77 well.
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APPENDIX 7

EXISTING CONDITIONS GROUNDWATER FLOW
AND NUTRIENT LOADINGS






3H o3 Gravndwater and Nutrisnt fiow fo Tampa Bay
Aes BF20B2
incd Man filv) - flows from (1) Hutchineon, (1963 and (2) Brooks ot al,{1992)
Ay, 11/18/80 - wnter quality from (3) DeHewen o &l [1881)
{ i WO dhain)
Wil Saasan Flow (mgd)
Bay Hitrabs Phos.
Segment  Aguiier [iL}] [£:4] ] Laad Loasd
Brra 2/ns 2l & bar [eg'ma) {ogimod
Cild TR
Fia as =1 | -] 30 §3.02 821.00
int a i a 0.0 i) .00
WT o o1 an ol a4l 184
1otmd asa 38§ a5 1 381 54 23 2T B
Hill By
Fia 4] -] 15 423 LET T GT1.AT
int a 1.4 1.8 L] 20T .
WT oo7 ooy o.o7 a.1 040 oK}
fextal &a3.07 30 47 3887 43,8 e 1021.33
WMTHE
Fin 14 " 12 12.0 34.50 278.00
i ] 1.8 a8 2T AT28 &80,73
WT a1 a1 ay (=8 oza 4.14
takal T4 1.8 5.7 14.8 T2.02 26087
LTE
Fim & & 5 5.3 15.33 02 00
Ing a 1.65 an a2 5820 BT.18
wT =& ot a1 o 0.0 .aa
vt 5.1 7.75 11.8 07 Ti.80 10205
BCH
Fin 2 2 13 a5 1533
ind L] a o o 0.00 000
WT 005 0,05 ons 0.1 0.2 118
tonkal 005 208 705 1.4 038 18,48
=il
Fia il oS as 1 B | 0,50 383
] o 015 018 o2 2.67 440
WT a.0a7 0,007 0007 .o 0.0 oea
teytad 0.007 Q857 0.EST 0s 2Bl 853
plnn, Alar
Fia 0 25 25 1.7 240 10,17
1] a .58 oas o 758 1845
WT ooz 0,0 0032 oa B3 0,58
Torinl ma2 .07 107 22 10,20 36,18
Wal Sansnn
=
Fla 17 5.8 LR ] BT.33 18273 198183
levl 5] 5 1215 asTs 11834 227.24
WT 0427 oezT 0427 0427 1.7 13,08
ioinl 117.43 p0E3 10208 1045 HRTT B0

Carversbon: (mgl)® (mgd) * {30, Sdima)* (1 Dedgali mgal* (ka1 Delmg) * (. Fifer) gl = kg fmo

imgty® (mge)*[115) = hgimo

il

Q.60
a1z
.07
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oz
f.a2a
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(ER ]
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a.0i3
o1z
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SOEAE01
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158714
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Oficialy 13533284
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Dry Season Flow [mgd)

Mitrais Fhos. Mitratm Fihos.,
Bay Sag.  Aguiler (1) [Ed] 12) Load Lond Ciarsc. Cone,
B8 a5 5@ x bar (kaima) (w2yfrnecz) (gl ima
0 TH
Fla a4 43 a4 403 60,30 BO5.75 ooia 018
1] o 1] o 0.0 .00 o1z 0.28
WT 0.05 0.os Q.05 LR 0,30 207 0053 035
total 74.05 4305 44,05 40,4 60,80 EOT R
Hill Bay
Fla 45 16 31 a7 d5 A5 70833 0.013 0.z
init a8 12 1.0 1380 59,90 0,12 0.26
WT .05 0.05 0.0s 0.1 0Lan 2,07 0.083 036
1otal a5 o5 16.85 37,25 3.7 5085 7ar.ao
MTE
Fla a a 2 4.3 g.48 @o.a7 0,013 02
Int 1.4 24 1.8 #5553 55,32 LR E 026
WT .08 0.8 0,05 0.1 030 207 {1,653 o.aa
1otal 808 835 4 .48 6.2 3z 157.05
L8
Fla 2 ] 5 53 767 @200 a.013 0,15
int 05 4.4 25 3381 73.26 012 028
WT 0.08 0.08 nos o 030 2.07 0,053 [V
{otal 2.08 9.55 g5 T.H 4209 167.03
BCH
Fla 2 i 1.5 2.24 17.25 (1 ¥u3 bl ot
It ] a a0 0.00 6,008 .12 D26
WT .02 ooz 002 o0 .12 .83 0053 Dag
bt p.oz2 Zoz 1.0 152 238 1808
TCB
Fla 0.5 0.5 05 0.75 11.50 0,013 02
int 0.25 0.8 0.4 E.18 1121 .12 (L]
WT 0,008 0,005 0.005 0.0 0.03 0.2 0,083 036
total 0.005 0755 {005 0.8 .65 2242
Man, Fiver
Fla 1] 2 2 ia 1.88 1533 Q013 0.1
Int 0 0ES 0,78 0.5 759 16.45 iz 0.28
WT .oz .02 0,02 0.0 oz 58 0053 025
peial ooz 247 277 1.9 5.7 3235
Totals foia 0.2
Fla B BOS A5 & B 123,50 1621.50 0.i2 .28
int ] ] 825 [Lf- yaaz 1659.68 D0sa 0.8
WT 0245 0245 0248 D248 1.37 B3z
total Bi.248  E1B45  B4.9E5 BY.T 20327  1B00SD Cifiotaf
imafmo.)

Convarsion: {mg/f*(mgd)*(30.5d/mo)* (1 Dedgal/ imgal)* {kg/10etmg)* (3. Teier/gal) = kg/ma

Water
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frmdfmo.)
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APPENDIX 8

BENCHMARK LAND USE-SPECIFIC
WATER QUALITY CONCENTRATIONS






HISTORICAL NONPOINT SOURCE

LAND USE-SPECIFIC WATER QUALITY CONCENTRATIONS

1) URBAM
(w/ estimated relative area coverage) Estimated
0.7 0.2 0.1 Area-
H weighted
Residential Commercial ria Average,
IN
Min. 0.41 0.76 0.59 Q.50
Mean 1.02 0.61 0.B2 0.92
Max. 1.91 1.18 1.26 1.70
IE
fin. 0.025 0.06 0.08 0.04
Mean 0.19 0.14 0.14 0.18
Max. 0.29 0.44 0.21 0.31
ISS
Mean 36 42 24 43
2 RICU RAL
twi estimated relative area coverage) Estimated
0.3 0.05 0.65 Area-
MNursery Row & weighted
Grove Feed lot Field Crop Average
TN
Min. 0.75 2.70 1.00 1.01
Mean 1.00 15.0 1.16 1.BD
Max. 1.50 21.0 1.50 2.48
1P
Min. 0.075 0.85 0.10 0.13
Mean 0.10 2.80 0.27 0.35
Max. 0.3 3.80 1.06 0.97
155

Mean 3] 50 10 10.5



2] UNDEVELOQPED ("FOREST"

{(w/ estimated relative area coverage) Estimated
0.4 0.125 0.4 0.075 Area-
Open space/ Upland weighted
Bange Pasture non-forested forest Average
I
Min. 0.68 0.50 0.90 0.10 0.70
Mean 0.93 1.30 1.21 0.50 1.06 "
Max. 1.10 2.50 1.47 1.02 1.38
IP
Min. 0.008 0.02 0.08 0.007 0.022
Mean 0.016 0.09 0.40 0.05 0.096
Max.0.16 0.16 0.21 1.50 0.16 0.35
IS5
Mean B.2 11 5 2 8.5
4 w ND
(Assume Estimated
na load} Ares-
0.50 0.50 wezighted
Open water W wetland Average
I
Min. 0.79 0.40
Mean Q 1.43 0.72
Max. 2.26 1.13
Ie
Min. 0.09 0.05
Mean 0 0.19 0.10
Max. 0.33 0.16
155
Min. 4.6 2.3
Mean . 0 10.23 5.12

Max. 13.4 6.7



APPENDIX 9

BENCHMARK WASTEWATER TREATMENT PLANTS






Historical WWTP Information
{compiled by Andy Squires}

Dave Pickard, Plant Manager, City of Tampa AWT Plant (Hookers Ppint),
Interviewed at AWT Plant, 3-30-33

Hookers Paint primary plant went on-line about 1950-51. An Imhoff Tank, located
near 22nd Street and McKay Bay, may have been in use prior to that time.

The "rule of thumb” flow expected from a typical domestic population is 100
gallons per person. Hookers Point was primary from 1851 through December
1977. During that time frame, the percent TKN and TP removed was very small.
Expected TN and TP influent concentrations for a domestic WWTP is generally
around 30mg/l and 8-10mg/l, respectively. Due 10 recent changes in detergents
low in phosphates, influent TP levels are presently around 4 mg/l. Ten years ago it
was twice as high.

Argund 1967-68, the Breweries went on-line an affected TN (TKN} influent
significantly., The Breweries discharge very high concentrations of TN in their
effluent which then becomes part of the COT plant influent.

In Section 8, page 15, of the Hagan report, they found that about 7000 [bs TEN
was going out into the bay, Dave suggested that this may be same that was going
into the plant.

Records of building permits for Davis Island may give indication as to how sewage
was treated prior to 1950.

Dave also suggested calling Ciff Coursan (former plant manager of Drew Park
WWTP in mid 1o late 1940's, 685-7254). He has good knowledge of domestic
wastewater practices prior to 1950. Ralph Metcalf and his father may also prove
to be good sources of information.

Cliff Courson, currently retired, but former manager of Drew Park WWTP, phone
conversation 3-30-93,

Mr. Courson operated the first WWTP in Florida at Drew Park {current site of TIA)
about 1948 through 1951. .

Tampa's primary plant (Hookers Point] was constructed in 1950-51, on-line by
1951. Prior to that time an imhoff tank located just off 22nd Street near McKay
Bay was in use, but Mr. Courson did not know the population it served.



Prior to 1850, the COT dumped much of their sewage directly into the bay or river
without any treatment whatsoever. He specifically recalls a discharge site near
Marabell's Fish Company {(current location of Convention Center) in downtown
Tampa. In general, industrial and commercial entities dumped directly into surface
waters without treatment, while single residences typically had sepltic tank
systams.

Dave Shulmister {sp?), City of 5t. Petersburg, manager of all WWTPs, phone
conversation on 3-21-93.

1893-1894 - First sanitary sewer system [gravity sewer) covered 100 acres.

1925 - sewer system served 1200 acres.

1925 - Albert Whitted was put on-line and performed screening and chlorination.
lts service area included N to 9th Av N, 5 to 7th Av S, and W to 16th 5t., and Eto
the bay.

1831 - Plant expanded, but exact nature unknowrn.

1953 - Service area extended N to 54 Av N & 16th St.

1954 - A 14 million dollar bond Issued resulted in Plant expansion.

1956 - Two primary plants went on-line: 1) NE [2mgd capacity), and 2} NW {4mgd
capacity).

1957 - SW plant went on-line (6mgd)

1968 - Albert Whitted expanded to 20mgd capacity and upgraded to secondary
treatrment (contact stabilization).

1976-77 - 5W expanded to advanced secondary.

1977 - SW plant started reclaimed water discharge, and deep well injection.

1879 - NE plant to adv. secondary {16mgd)

1980 - NE started reclaimed discharge

1980 - SW stops all surface water discharges 10 Boca Ciega Bay.

1982 - NW on-line, 20 mgd adv. secondary.

1984 - NW stops all discharges to Boca Ciega Bay.

1988 - Albert Whitted stopped all discharge to Tampa Bay.

Qld STP records may be at Central Records, but thay may have cleaned those files
out in 1988 or 1989,

Tim Forgue (B93-7377), the Chief operator at Albert Whitted, may have some old
records on plant flows and concentrations. Also Fred Krafa (B92-5693), Central
Lab supervisor, may know if any old records are available at the lab.

Typical St. Pete TP influent at presentis 4 mgfl TP and 20-30 TN. TP effluent
is about 3.5-4.0 mg/l TP.



0Old population information may be obtained at Planning (893-7153).

Bill Washburn, FDER Tampa, Manatee Co. Domestic WWTP coordinator, phone
conversation on 3-29-93.

Infarmation on STPs out of service in archives and difficult at best to obtain. The
old plants operated by County public utilities no longer exists. They consisted of
several small package plants.

Current Co. plants include:
Morth - new plant
Southeast - new plant
Southwest - relatively old

Port Manatee had 3 plants serving County at one time,

City of Palmetto - old plant at current plant site.
City of Bradenton - old plant at current plant site.

Ed Snipes, FDER Tampa, Pinellas Co. Domestic WWTP coordinator, phone
conversation on 3-29-93.

Status of WWTP is described in document published in mid 60°s [perhaps he is
referring to Hagan report} by HRS, Wayne Wyatt, Pinellas Co. Health Dept.

To get handle on historical WWTPs, check EPA records and perhaps 201 Plans.
Bill Dunn, of the Pinellas County Sewer System, may have working knowledge of
pre-development WWTP situation in County {(462-4721).

Bill Dunn, Pinellas Co. Sewer, phone conversation on 3-29-93.

S5TPs in general not constructed until 1950's, with the following exceptions:

Clearwater - Marshall Street STP in 1930's
St. Pete - Albert Whitted in 1920's
Largo - Centralized Septic Tank system in 1920's

Safety Hbr - Septic Tank serving small area of City (pre 1940's
Major population centers in 20's-30's were in St, Pete & Clearwater.

Pinellas County's first plant was South Cross Bayou in 1961-62.



Municipal plant history:

St. Pete - plants in 1950's

Pinelias Park - STP came on-line in 1960's, but has been abandoned since
early 1970's.

Long Key Sewer

District - served southwestern Pinellas beach communities in late
1950"s.

Treasure |s. - small plants in 1950's

Madeira Beach - 5TPs in 1950's

Largo - §TPs in 1950's

Clearwater - 8TP's 1950's

Dunedin - STP's 1950's

Oldsmar - S5TP in late 50's or early G0's.

Tarpon Springs - 8TP in 50's

In general, several small package plants operated prior to the 1950s.

Ralph Metcalf, Director, COT Dept. of Sanitary Sewers phone conversation 3-31-
53.

Ralph concurred with my summary of what Cliff Courson’s described, but
suggested | call his farther, Ralph Metcall Senior (831-2591).

Ralph Metcalf {(Senior, 831-2591), phone conversation on 4-7-93, Former Head of
the Wastewater Treatment Division for the State Board of Health in Jacksonville
(1940's) and sold wastewater treatment plant equipment for the private sector
from the early 50's through the 1970's, During his tenure at the Bd. of Health, he
traveled around the state in order to promote the implementation of primary
wastewater treatment plants.

Prior to the 1950's, anly a small percentage of the population in most areas
(certainly less than 209%) was on any type of primary treatment system. The most
common system was primary treatment by an Imhoff tank {or some facsimile
thereaf} which provided both settling and digestion in the same structure. These
tanks typically served small subdivisions and were purchased by the developers.
Mr. Metcalf recalls an Imhoff tank near Bay-to-Bay and Manhattan, and near Gandy
and Dale Mabry, both of which were purchased by the developers of the
subdivision being served. The majority of residential households were served by
separate septic tanks. In urban areas, including the City of Tampa, commercial anc
industrial buildings were usually outfitted 1o discharge raw sewage directly to the
nearest surface water, due 1o lack of space for septic tanks operation.

4



Starting from the 1350's and continuing through to the 1870's, increasingly larger
percentages of the population were served by a regional sanitary sewer system.
Howewver, from the 1950's into the 1960's, many subdivision developers provided
their own wastewater treatment in the form of Imhoff tank type systems. Some of
these Imhoff tanks were modified with trickling filters, and thus, were considered
to achieve secondary treatment capabilities,
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APPENDIX 10

BENCHMARK DOMESTIC LOADING ESTIMATIONS
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Benchmark (circa 1840 Domeits Wasia Loading
Tampas Bay Watershod

Bay  Paramalor

Sagment  Mamae
4 TR
™
™
TGS
Ciatal
Hills ™
Lia
185

Cjotal
Middia TH

Lerwar TH

Boca Ciega

Tarra Caia

g7 §§33

WHanalse Rivar

TOTAL

§32 §§793

e

(A
1040
Populatia

BATO2
SaToz

126704
128T0E
128706
128706

11201
1130
11201
11201

3091
i
Lis i)
3ga1

5581
5581
5581
a5a1

12ree
12722
12me2
e

- (kghyr)
(kalyr)

{galima)
ipeople)

e
Mat Flow
B (lessET (D)
Flaw par  Recharge Effluent
Capiin Loss]  Ounfty
(galfd)  (galid)  (mgil)
&0 ars 40
&0 375 &
50 ars 50
4535700 3701325
B ] A%
50 an L]
50 &0 EO
GAAEI00 3861180
50 35 L-14]
&0 35 &
&0 x5 ED
560050 3306030
50 a3 40
50 5 &
&0 L 50
188550 195730
50 40 A%
50 a0 L]
50 40 50
2TE050 167430
50 A0 a4
50 40 L]
50 &0 50
125000 TS0
50 a5 43
50 35 G
&0 a5 50
GIG100 38166

(E}
In-graund
Reduction

High Levw
* %
.525 0225
o3 0525
0,13 0.3
0.525 D235
0.7 0535
oA 0.3
o525 0.235
2.713 0525
0.713 L+ B g ]
o525 1]
o.F1a 0.5235
Ll QaATE
G535 0.225
0.713 0.525
0713 0375
0535 0225
o713 0.525
o.M3 0375
0525 0,225
oTia 0.525
0.713 0aATE

ﬁ
Tolal Bar:hmark
Domestic Load
Liow High
T
ari6g 15E518
BROG 14573
FXITE  189THE
ATHIZS
141352 165364
i85 15203
TEoAT 166647
3081180
10291 G750
B33 1544
Tive 16525
A36030
35T S982
b 550
2789 6031
118730
SEED 561
E31 A7
4420 oEE
167430
2625 4203
pir 54
1883 4317
THL0
11688 9070
1069 1753
BEXT 1EX23
Ja1660
2638 ATSEAT
210684 F4EDE
175703 3E3G2A
B4 2355
TEOTHE
E3400



(A} 1840 population from Florida Statistical Abstracts, 1967.

(B) 1940 domestic wasie stream of 50 gpd/cap is less than current rate of 75-100.

(C) ET+Recharge varies from 0.2 - 0.4 olf total 1940 domestic wasle by bay segment drainage ar

(D) 1940 TP concentrations in domestic effluent are less than typical current values.

(E) Assume no WWTP, 75% on-site facilities, 25% have direct discharge.

(E) In ground reduction efficiencies are: TN{30-70%), TP{70-95%), TS5(50-95%). Reduction acts
on effluent leaving drain field, final concentration is in water table plume.

(F) kg/yr=(gal/day)* (mg/L)*(3.785L/gal)* (ka/10E6mg)* (365daylyr)* (1-treatment efficiency)



APPENDIX 11

BENCHMARK GROUNDWATER FLOW AND NUTRIENT LOADINGS






Hislgrieal Groandwatir and Mutrfan Infow to Tampa Bay

“based on (1) (Hutchinssn, 1983) and (2] (Brooks #f al, 1992)

Wat Season Flow [mgd]
Bay Hitrata Phos. Mitrats Phaos.
Ssgment Agquiler  [1) () el Lead Load Cone, Cone,
STE 8NS 90 xbar kgime)  (epime) ol (mad
O T8
Fla a5 34 a5 36,0 B.24 20700 0,002 0,05
Irt 0 i} o 0.0 1 X3 LR e ] 0001 o224
WT ol L+ | a1 0.1 0T 230 0,068 02
fotal I5.9 A8.1 A5 a8.1 808 H0a30
Hil Oy
1.5 Fla Lis} st a5 61.8 14,22 A55.54 o2 0,05
It 0 1.4 1.6 1.5 o7 44 A5 0,001 0,26
WT 0.05 0.05 0,05 1 | 0.0 069 40013 g.12
bzl 631,05 30.45 36,65 B34 14 & 401.58
MTR
745 Fla 14 14 12 oS 19,50 457.38 0002 0.05
It a] 1.8 36 27 031 BO.T3 0004 0.6
W a1 0.1 0. 0.1 15 0.8t o013 oar
iokal 14.1 118 y - 88,3 2036 a78.04
LTB
41.5 Fla -3 i 5 46,8 1077 269,00 oo 0,08
Im1 Li 165 6.0 4.3 0458 126.33 LR 0.26
wT (e Ui | a1 a1 016 .12 0,013 0.0
toial Bl .75 11.5 51.2 11.41 3P
BcR
2 Fla a 2 2 a3 a7 1917 0,002 0,05
Ing o a o 0.0 .00 0.00 Tl 0.26
WT aal o.01 0o 0.0 0,00 .01 00 0.
okl [EREE) 201 2. a3 o.r? 18,14
TCH
2 Fla 0 [} a 20 Q.46 11,50 0002 0.05
ind o 035 a5 0.4 0.05 12.M 0.001 0.26
W 0,002 0007 0002 0.0 2,00 0.00 0002 oo
otal 0,002 0352 0502 24 .51 421
Wat Bamson
Toltaks
Fla 17 a5 B 23650 54.40 1159.88
Imt o 52 125 885 1.02 264,62
wT 0362 (a ) 0362 0342 1.048 3,82

Total 117.36 8056 101.858 i BE50 152841

Canversion: [mo/f)*imgd)* (30 5d/ma)*(10e5gal/t mgal* (kg/ 1 DeSmg)* (3. Toltar /gl = kg/mo
i) * g * (1 15) =kgdmo



Histoncal Dry Season Flow (mgd)

Mitrate Phros Mitrate Phos,
Bay Seg. Aguiter (1} {2 ] Load Load Canc. Conc.
518 5fe6 e 1 bar (kg/fma) (kg/ma) {ma) (gt}
Oid T3
Fia 34 43 o4 0.3 928 231.92 0,002 0.05
It (1] o 0.0 0,00 0,00 00014 i ¥,
WT .05 0uos 005 0.1 039 1.15 0,068 0.2
iotal 34.05 43.05 44 05 40,4 867 33.07
Hill. Bay
195 Fla 45 16 a s0.2 11.54 P08 46 0,002 G.05
in 0.A 1.2 1.0 0.12 28.80 0.0 026
WT 0.05 0.05 0.o5 | o1 0.69 00093 012
total 45,05 1685 32.25 59.2 11,65 319,05
MTE
4.5 Fla 3 B 2 T8.8 18.13 453,240 0002 005
it 1.3 2.4 1.8 021 5502 0,00 026
W 0.05 0.05 0.05 (i | Q.07 40 g.01a 0.07
total .05 0,35 445 8oy 16.42 50401
LTH
41.5 Fia 2 9 5 45,8 10,57 265,29 0002 0.05
Int 0.5 4.4 25 0.28 73,26 0,001 0.5
WwT 0.05 0.05 005 LR 0.4y 0.06 003 001
texkal 205 G.55 945 483 11.13 T2 60
BCHE
£ Fla 2 1 a0 0.69 17.25 0,002 oos
Int 0 0 .o 0o 000 0,00 0,26
WT 0,005 0.005 0,005 oo 000 0,01 0002 0.8
total 0005 2.005 1005 s 0.69 17.26
TCH
2 Fla 1 1 27 0.61 1533 0.002 0.05
Imit 0,25 0.5 0.4 004 11.340 0.001 0.26
WT 0.001 0001 0001 0.0 000 0.00 0, 002 o
taitnd .00 1,251 o 05 0,55 26,55
Dry Season
Tolkals
Fla B4 Fia:| B4 22 .E3 51.02 1275.54
It 0 285 8.5 £ 675 065 168,58
WT 0.208 0204 0.206 0.308 (.55 231
iotal B4 206 B2 056 S2.T06 =X 5223 1447 53

5222 144753
Conversion: (mgfl)* (mgd)*(30.5dma)*{10ebgal/1 mgal) * (kg1 Getimg)* (3. Tter fgal) =ka/mo



APPENDIX 12

TABULAR SUMMARY OF LOADING ESTIMATES
FOR EXISTING CONDITIONS






TOTAL LOADS BY BAY SEGMENT
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POINT SOURCE AND NONPOINT SOURCE LOADS
BY BAY SEGMENT
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POINT SOURCE AND NONPONT SOURCE LOADS

BY MAJOR BASIN
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DOMESTIC POINT SOURCE LOADS BY

BAY SEGMENT AND MAJOR BASIN

MNote:

L "LA"™ denotes land application of effluent by spray irrigation or
percolation ponds.

. "SW" denotes surface water discharge of effluent.
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INDUSTRIAL POINT SOURCE LOADS BY
BAY SEGMENT AND MAJOR BASIN
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DOMESTIC, INDUSTRIAL AND SPRINGS POINT SOURCE LOADS
BY YEAR (1985-1991)






Irg Model

fe B Pallutent L
i Paint Scurces

ay Matioral Estusry Program
5 e
Loadirgs Data

T L]
Tﬂ'l"'l"ﬂn

5w TES load
i tons/year )

i TP | o
{tonsSyear)

5 TH load

L TS5 foad
{torsfyear) { Lonsfyear)

LA TP Load
[ tens/year)

LA TH Load
[ tona/ year |

Tear

Flr.ll'l-t'r

oDoooDoDoDooODoooEn n-:nﬂﬁh-ﬂ-ﬁhﬁﬂﬂﬁﬂﬁﬂﬁ-ﬂlﬂlﬂlﬂ-‘ﬂ“ﬂ"ﬂ-'ﬂ'ﬂﬂ'ﬂiﬂﬂn

----------------------------------

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

uauuuﬂﬂnuﬂ-ﬂnumunnnmnﬁhmﬂhhmnr—h&hhhwn

---------------------------------------

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

---------------------------------------------

[=f=F=t=Tt=t o=ttt —R- Rl =Rt PP S _J_f_P_N_R=F_R_f_R-F-F-Y=lal=F=l=]

nun-n-ﬂ-u-—nuunﬂhhnunuunn—nnnnnmnnumnvwwnnv—-—r

--------------------------------------------

|:li:|-|:l-|:||=... = =2 SO0 0oo DD DD DS DN DD -

T R R I P R TR
EERELE

S

E5EES5E

I o e Jm g T

B L B ateveus
e Y Y
EE.E.EEEEEHHH; s wéééé-ﬁéaés“ EEEEEEE

5558

SooCoSoREREEEE "E"""'“i"an"ntnunaaubaahhaan"aﬁ

BEREERRsenvvey Hﬁi EEEEEErEER b LEEELEE
o mm

o e e _-.---———---—-- ot
.-.-'--- RNy ] A e L A A oL L L A L i L L A

]
i
i
B
i
Emst
E®BT
East
Eagt
Emst
Emst
Emst
KortRaast
Kar tREad
Kar thesst

LK



5§ T55 Load

5W TP laad
T/ year )

[ cors S year )

ﬂ-’-}ﬁﬂﬁﬂﬁ-ﬁﬂﬂﬁﬂ-ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ'ﬂﬂﬂﬂﬂ-ﬂ

1
lllllllllllllllllllllllllllllllllllll

--------------------

=] L_|--.-ﬂ-ﬂ-ﬂ-ﬂﬂﬂ-l!hﬂlﬂlﬂ-ﬁ!ﬂt“ﬂ 00 o T - TR

4 & & & @ & 4 B B & § 8 % & B & & & & B W

C 'nnnﬂi‘“nnmnpnnnmﬂﬂn—ﬁﬂﬁﬁﬂ-ﬁ

[=E=F-R-J1_-l_R-J-1-1-R=R_g J "}

54 Ta Load

{Tona fydar )

ing Model

[ Tons fyEar )

A0 o P P B P P P B s s I ol ol o s P ™y ) M P 0 £ D I 2 D ) £ 0 5 5 i ) 5 S D i O

---------------------------------------------------

R i S o0 e o o0 o S 0 0 0 T 5 0 R i et ol ol il ol o HP" ol i

-----------------------------------------

#
Hmrp'l:lnh—ﬂltlﬂ-ﬂ-ﬂbﬂﬁﬁﬁﬂﬁﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂ“ﬂﬂﬂﬂﬁﬂﬂﬂ‘nﬂﬁﬂnﬂ'—-—-—v—"—" i

P P P e 0 0 AN 0 0 A 00 0 50 U 0 53 50 0 0 P . s P P o (30 5 5 3 0 0 M Y Y T Y W O 3 o 0 e B

-------------------------------------------------

Bay Wational Estuary P
ic & hullul:l:I L
ic Point Sources

Londings Date

L
" honast

T

Tampa Bay

LA TP Load Lk T65 Load

LA TH losd

[ tona year)

{ tona/pear )

Yenr

focllity

|||||||||||||||||||||||||||||||||||||||||

B = lel=eel=pebe ==l Rl o ol b

il HHMHMNHI‘H-I—FFF—F
—— e o

ELIT o YT L e T R DR R

[of o of of of PP EPREEES

iii:ajliggj

dfddddddan
EEEGS5EBBBEE

f Palmetta

- el ol e T S
o0 3000 BBG’EF Ll e - = - - ] ?nnnuuni

Tt T T T A A T

=£===::HHH-H-III‘HHFH¥FI‘FFl-ll-‘l-l-l-l-i-l'll
Effffffiiiiiiii;igiiiiiiiii;
iiiiiiigg; EEL£L EEE SEEEEESEEEE
Lo AL isiosstiidazazid

Fetaribuirg
Petersburg,
L]

Petersbuirg
Perarsburg
Petersburg
Petersburg
Petersbur
Pataraburg
Pétarebir

t. Petersburg

N L ;
JEIEIEHIS i

e
0 L L 00 0 0 0 0 R L0 0 10 o 0 T 0 0 L B0 0 2 4 0 £ 3 0 DR L



=§ snnnommancocoooononecsROOYs 9CCaCOoOoReaCanNNNNNNNTDD
-] B P o =1 OooODDDooOoDDEDoooRnEooOo oo
By 3959 ERRREE

---------------------------------------------------

ﬂﬁﬂﬂﬂ]m nnnnnnnnn —-EEEEEEE ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
f

ot il b

B TP losd
[ tonayear)
3
3
;
B
&
1
1}
¢]
¢}
r]
<]
g
e]
g
-]
o]
4]
3
4]
3
k]
i ]
;
a
g
(1]
(1]
[}
[!]
[}
0
i
o
0
0
0
1]
b
]
i}
5
1]
1]
1]
8
G

----------------------------------------------------

P P P B Lt —E-1-1-[-F-F= DD OOOOoOoDDoSD oo E R oo

5 TH losd
{ Do fyear )

[

'Y

&

&

1

1

1

1

1

1

Fra.

&3

s

E0g

ik

Load

Pl %, 4 & 4 B = a4 & & B & @ 1 B E N @ 4 & N E B 83 WP R moA ok E A AR E e s F s A d B E & & aW

load LA TE
[ orm/year )

il il it 0 0 i 1 O D i e e 0 0 - 3 el Pl 0 P o 0 1 o A 0 W o e i 0 o ol P

----------------------------------------------------

Lk

....................................................

. e e

[ e P

. e B L

333333
5355553

ﬂﬂﬂﬂﬂﬂﬂ
------

FEEEEEE
IR O
Eiiiii i-i-i-!i-i-i EEEEE E o e i o, 3 B A R g

et e o e ol d

; iiéiiiﬁiiEEi?i&ssszzi§§§££!£§§§§§§§iiiiigiiiiiiﬁfﬁiﬁ



r
ing Hodal

Pr
L

onal Est
L FnlluunE
c Polnt Sources

e

Londings Data

Hati
£

By

Tamps Bay Hydroleg

T

TP loed i 155 load
[ torssyenr)

{ Eors/ year )

U TH losd
{ tons year)

LA TS5 lomd
{tongfyear)

LA TP lond
(tonsfyear )

LA TH [ond
i vorsyear )

Year

Fl-l:ll11;'|I

ﬂﬂﬁ-ﬂﬂmﬂﬂmﬂﬂmﬁﬂﬁrﬂﬂuﬂﬂﬂ'ﬂFPPWFWH“EWHFEHDH

I:!l:-ﬂ-ﬂ!ﬂmmn o o o s s iy e e o T A o o T e P e 0 o R D O R
+ B d & % B B 8 8 4 4 & & B W 8 8 & & & K 5 N 4 B 8 B N N @ B R N S B B N W E N EE B T B B E
nnnnﬁuﬂw qﬂpqgpgnqqnqqnnnanﬂﬂﬂbﬂggzaghiﬁaﬂﬂﬂﬁﬁﬂﬂﬁﬁﬂﬂ

0 R S 5 3 3 S S L I e ) ) S S 5 5 Sl o D DD SO 0 0 00 000D

ﬂﬂﬂﬁu‘ﬂmﬂﬂmﬂﬂﬂﬂﬂDﬂnﬂﬂﬂﬂ-ﬂﬂnﬂﬂﬂﬁ-ﬂ-ﬂl"'—'—ﬁﬂﬂ'ﬂﬂﬂﬂﬂnﬁlﬂﬁ (=3 =4

St =l == fo =t el = bog sp panl oot g =R = H == L L= e = e = -

----------------------------------------------------

AT S R N A I S S O o o o o o 0 e o W A 0 o0 0 0 o o e 0 0 o R P 0 0

PP P DO O S = e e e e 0 5 500 0 e e e e e e e 00 0 o - 0 e e e e e O D
lllllllllllllllllllllllllllllllllllllll -0 RN & N

=R=l=f=P=j-loRefslalalalolelnlalalalfeknielelslel=t=t==0=l=tol=talalalobebl ool ol ot oo bal o R o e e

bmmﬁﬂﬂﬂﬁﬂﬂﬂmmnnmmﬂmﬂﬂﬂﬂl wif of i o o wf O O 0O O T ol ol of o P Y R
,,,,, ] & b B @ & 4 s B B @ 4 4 4 & N W @ & & B N @ 4 B E @ @ @ N E @ W N NN T E B E
ﬂuuunnupqunrrrrrprqqgnqqunﬂpqnnﬂ¢ﬂﬂﬂﬁdﬂﬁﬁﬂaﬂﬁaﬂﬂﬁﬁﬂﬂ

TR L R R S R T e R T

o
G
=]
o

|

ni
L%
arm

RIS 555,y yunn paEEE
i i e HH

L - - I O T T T T T .= =9

§§’§§§§§?§fff*Eﬁgiiffi'?aaiaiiiﬂ”*ﬁﬂﬁ;gffggfifiiii
scccibiiipsanasncsssssemnncac T
h Lo

L L Lt

]
5555 haEEEEEEEEiiiiigi!!!E!!!iiiiiiingg

= L
3 3 a3 EETET @ A B B i B e O e



on
ng Model
FoEd

wtank Loadh

Paint
Losdings Data

£k Fall

HE

[oameie

Bay Notional Es

T

ampa @y Hydrol

T

uﬂmmmuvunnﬂnnnnnnncnnnnﬁﬁnqnqdﬂ#ﬁﬁ#Fﬂﬂﬂﬁﬁﬁﬁ eSS oSS

---------------------------------------------------

....................................................

..................................................

-
E._
fa-rt

!—- |-l!lHﬂ-ﬂﬂﬁﬂﬂﬂlﬂﬁﬂ-ﬂﬂﬂﬂﬂﬂ.'mﬂﬂﬂﬂﬂﬂﬂuﬂﬂﬁwnﬂ-—-- =

...................................................

Eg nnnn—nuﬂ“nuuq—ngqqqn—pﬂﬂﬂ-ﬁﬁﬂﬂﬁ-ﬁﬂﬂﬂﬁﬁ-ﬂlﬂﬂﬂﬂﬂﬂﬂﬂ 0 i o e i oD
-
e
'Eﬁ

L

L |
= e I - I O I N - E0 5 Pl Pl TP Pl Pl oy e e e e e 5 0 D D DD DD DD D D DD e
™y ®m m 0 ®m oW w ¥ WoE ST T EFPE S W4 @ kB WA H B WOE W W F BN A K E R S 4 & B @@ W BN @ W W W E & AW
— SOOODOOODOoDODOoRDENOOSEoDooOoQREooODOoooDoon SOoOOoDOSaS
38

—
'!l'-

[

[
=

£ o 1T D - 3 0 I 0 0 3 i) o) ol o o R i P B b P o (T Pl ot P Pl P P i B o e P
......................................................
i-g [=T=T_R_B_T_J_f_R_J_J_]_f=l-f_f-lolofelalcl=lalatalalalal gulelalal=2="T=~T=T=R~T=T=T~F S p ot ot sl bl o
3&

e

———— ————

Eg_r‘rgr:%z:_gg:: § FEEREEES
!ﬁ’jﬁ;’f@?ﬁgssssgg.g%ﬁ ﬁf‘-:iégg};g;ggggggga

bt tend CLEs====== BEEsT

T P T

P O OB

#pionml

FI:‘lI.ll."ir




£0 o i | 0 L0 1 [ |90 | Badgng o3fd)e8
u.m a0 i __.__ -0 il D] jwuo|Badgns oaja)e
g 00 WM _..w __.__ " 241 jwun|Baigng oajajes
g0 o' 4 L “f b F24L iWun | BaIong o3| J1w4
0°0 e 2°0 LD L0 ﬁ._ i jwun jBaagns o3 |d]es
o0 o0 60 Lo L0 b | RS |wuoiBaigns o3jJjes

famad fswoy ) £ Jmak fesnl) [ auad /sy [ anad fsuai ) {aead feusy) [aied feual ] FLLHY h-._ TELF|

peoy 551 MBS PES| 4 ME FrO] Hi AS peo) E5L W1 PE) 41 W1 peo) ML ¥

w10g 56U |pRaY
o SFAINGE I |od u_nu._lnm.._. B
TapoE S| e INj1od § 2i0o)oJpdy Ang wdew |
l:ﬁ._“. Hh_"_.;.- 1NUDpiEN ARf ecem |



aading Model

B
Lo

¥ Mational Estun
nhﬂﬂE: [ Fnllurl:I

migatrial Pelint Sources
Lesdings Data

TiQII:F=FF

Ei FAEIT.01 0 01 P U N e e e O O MG SR B D R SR S e e G e e
g Bt b g e R B R e
AR o T TR TNRRTEE e e g s e
9E

il

.

=
FE o D e 0 G O e o e S S AP B B ey
4§ :ﬁaﬁgﬁei1~—ninmnﬂndii§€i§§?ﬁmn#hnhﬁﬁﬂwﬁdgbgﬂ??ﬂﬁﬂﬂn
[
'_H

qqtﬁﬂt-ttﬁﬂﬁttﬁﬁﬁ%ﬂwnwﬂﬂﬁﬂﬁﬁﬂﬁﬁﬂﬁﬂﬁftﬁﬂﬂ ...........

W Load
{ T pmar

TR S R s e P
2 Eg %gggg % ﬁ%ﬁ“ﬁ%ﬁ%ﬁ%ﬁnéé““ EE gggéégééé
i7 EASARsehisser 3°35 éaﬁﬁﬁ§35§§§§§§§§§§§-¢.§§-“§§

EEEEEHH —
e EzzEeis
wwwwuy oS5O0 SRYNNdY e

3"::552555&555@Eﬁ'fﬁ%ﬁz‘szz;z; e S
;;;;;;55253552355 g hhhhhh EEﬁﬁﬁﬁﬁgg EEE

50 D I B ,;"' Ea'ﬁ a =r=t—=r=t—
EEE!EEHuuuﬂuuuﬂﬂl EEEEEE ....... bl sem S Sl
,ph,ptt!!EE_EEEEHEZ“ HhﬂEﬂEEEEEH H!::ﬂ::ﬁ: "“"’i
ppppp EZrzzrex I e e G hhb;hhh S
LOOUUULUEEEEEEE 32 E el el il ad ) il ol O -.HH; ;Ei E;i

4444444444444444
4444444

E§1=hhh —————————————— #EENEE——

LT Do 33300 Lo L

Flcllltv

é Eiuééiégee;;;;iééqé.-----‘-h.aaeaﬁ.dfffffff§ffffff!
s e e

E i Pl i i ) P Pl ISl Pl 7l i ol Pl ool o 5 ol ol s ol sl 70 P ol P Pl P P P oS Pl P 1 Pl Pl 0l Pl Tl 0



BT
ing Modsl

P
L

tant
e SeuUrces

|l
pol
ned DEta

1

Wational Est

Log

e &
tris
Load

Tompn Bay
Tampa Eay H!rdr'n-

158 Load

Lienm) year)

TP Load
[ Tor S year )

TH Load
(TerdSyear)

Yaur

Facility

Fmclllty

Wi [or Dralrege

Basin

Bay
Segment
.

r

----------------------------------------------------

q.--.-u-.pqm—-—-—-—ﬂ-—ﬁnhpqqih'.—-— FFFFFFF [= L=l Rl el tal g R ]

---------------------------------------------------

----------------------------------------------------

AE g R A R .

%gé EE% """ E ﬁﬁﬁﬁﬁﬁiﬁéiéﬁ}?ﬁ
-, g9dg Egg 5335553335§§§§§§5§§§"F§§§§§

5333353
ESEEBEE ;ghw»é‘é‘ié‘fii

Izz=s== fn***~=§5§a§&=igggg
R LT e

EEEESRERVNVERY .. oo H:
dgusoBERRDbESaesgagRRaRTas i gﬁﬁﬁﬁﬁﬁﬁ_ggigiggssss

s ; 945 1545 £ e

EEEARERIYEIdS EEEEEEE“"“"“""QEE

ﬂﬁ-ﬁﬂnﬂ-n-u---hlﬁ-EEEEE

:
s3:33d0ddddganaannataniiin g§ AP E
i

il ol ol o B

:::n:gﬂﬁggglﬁﬁﬂﬂﬁﬁﬂﬂﬁﬁﬂaﬁaﬁﬁﬂﬁ FEETe s PR L

e B b b e e B B e B e B BAAERAE o B T S

LTE

Coastal LTH
Comstal LTH
Constal LTH
Canatal LTH

Consts

akar
whar
l;l
ta
(4]
tal
tal
tal
ta
ta
LT T
!l
tal
tm
&
i |
ta
tal
LT18
i ]
Comsta I:l!'-l



Fan
ireg Mo |

[
L

miusirinl Foint Sources

ark

Hationsl Estus
logic B Pol lut

Load lrgs DAt

'F--'q-'lllrt:?."l"I1|l

TEE Lond
{ fons fyear)

TP Load
{ tors/yesr )

TN Losd

{ torsfyear)

Tear

Feciliny
b

u-:nm-

Hajor Drainage

Eay
Lot oat] Bazin

- nmmmwm—nhimmum-—Hh'lnnl:l-nw-r-rl-‘-hl-l-'-ﬁ Ll -l"dﬂ*-l' ﬂ——'—w--r-r-ﬂ

--------------------------------------

R o o R S e S

il Pl £ G e 5 B Pl P s ey o e e 2 0 e o o i I Pl

----------------------------------------------------

.................................................

RN R S R Ui dddeddSdynpigpaa e o
EE§EEEEEgEEEEEEEEEEEEEEEEEEﬁaEE“ﬁﬁsEFEEE:E #5BegEs
e

EEITILATALAAIALAAIILLILTIILZ2 §§§§§§§§§§:§¢q_§

e S R e ) X = =& F =¥ =K

PR ES EEEEEED E

el Bl S Bl

...--.. —----ﬁ---l- <
=

S3B555555 un“aEEEﬂuu R et A
g;..:::::*gggg“*iai55;55555--- )

saiagieieeecozsappatSREREl it s esiec RREERYY
53** §§§§§§§§§#111=au=555 Soe =EEE“EEEgggggssa
BE888888080 2 2a2E 2y RERRERR o n R LY

FL'E!IIM

EEEJJ&EEEJ&&&JJE::::E:g--..‘..EEEEEEE;iiJJ;;;;;iéé;-
Tl e—

ol ol o P P B e P P B e i P P o i it i i o o ol elaale Firn e % ol



5% Lesd
{ tons fyesr )

TP Load
{ tone/year )

TH Load

{tons/yesr)

O
JEM:H#H
Tear

noustrisl Point Sources

Fecllity

logie & Pellutant L

Loadirgs DAt

By Matioral Estuary P
-

e i

T

Tompa Bay
Flcllit-r

orainags

-----------------------------------------

EEE:MEnﬁﬂiﬂnnuunnnnuﬂﬂnnhhnrrrrrﬂﬂﬁnunﬂ¢¢

P P e e e e (g e BT P Pl Pl P T O Bl ol 50 5 S oS o ol 0 el P i

-----------------------------------------

e A N AN S S D OC OO R R E R - S e - 0SB OO o000
s oo

o P P o 500 5 ol il 8 550 o o Pl £l 5l #0050 o = Pl P 7500 Pl Pl

lllllllllllllllllllllllllllllllllllllllll

R N T R e R I T T

E%E%%E%E%%E §§§§ o
googEagee

555 ARLIBRASESANESBANNAARSS
SLe R R peE EREER e R bR R s nsang

il il ol i il 11*‘. il ol ol Sl Sl I 0 S Sl R Sl T Sl SR

SEEENEE g2sgRoYYYYEYY
§EE§§§§ o E;Eighpiffiiif
BARLSAARSESNRE BEEES F:hhh
T e PREERE ) E
“-“‘.“-‘g éiﬂ;-unuuuujl:j:::
~ E8gdaddn ““““"“““‘EHEEE!EEEEEE;:;;
e ggag gy e e OO R R R E R NN
ﬂﬂﬁﬂﬂﬂ::ttut!n:::iii“::::: Egg E E:iEEEE
33345Zfiﬁiifffijiiﬁﬁiﬁgﬁﬁ EEE E§=EEEE””
o T e e e e o o e s e m m
ZEEiiiRngunnanannnandisiaaanaanannReEEeey

rrrrrrrrrrrrr

ggéiééﬁ:::iii::iiiiiéiiiﬁff§§§§§§f=‘::333

L Y L T il i Pt e el Gl S S e il

:::::tqﬂ‘idqIiiiiiiiiiiiiii:tiii:#ii#itiﬁ

Pl Pl P 50 ol Pl P PPl Pl P 0 Pl Pl Pd 1P 1P PPl Pl Pl W) PP il 0l sl 0 0 Pl Pl 5l



Tampa Bay Hatllonal Estun i
Tempa Boy Hydrologic & P-nltu-u:!‘l Mrm Mode|
Springs Loading

TF Load
[tord year)

L]

-

FIRFRAT

P P i ool sy

§ 9855¥es






APPENDIX 13

ESTIMATED NUTRIENT AND SUSPENDED SOLIDS LOADING
TO TAMPA BAY FOR "WORST CASE"™ CONDITIONS
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1.0 INTRODUCTION

Nutrient loading estimates for the Tampa Bay watershed were made for the mid-
1970's period, as a "worst case” condition. This time period is thought to represent
the period of maximum nutrient lpading 1o Tampa Bay, and subsequently, overall
water quality was at perhaps its lowest leval, on a bay-wide basis. Urbanization was
at relatively high levels, but several water quality improvement programs now in
practice had not yet been implemented. During this period, major publically-owned
domestic wastewater treatment facilities discharged large volumes of poorly treated
effluent directly to the bay, and numerous privately-operated small treatment plants
operated without adequate oversight and treatment of sewage. Stormwater runoff
generated by new development was not managed until the passage of the Henderson
Act. In addition, the phosphate industry was very active, but without the
environmental controls currently in place. Several activities occurred shortly after that
period that resulted in reduced nutrient loadings and improved bay water quality:

. major improvements were made upgrading the level of treatment provided by
several large domestic wastewater treatment plants (such as the City of
Tampa's Hookers Point facility),

L many of the small wastawater treatment plants (package plants) were taken
out of use,
* enhanced phosphate mining regulations for surface water quality improvement

were implemented,

. surface water management permitting programs to improve nonpoint source
water quality were developed,

. etfluent treatment and discharge facilities for several significant industrial paint
sgurces were improved, and

. the phosphate industry expenenced a general decline in activities.

It was desired to document the estimated total nitrogen (TN), total phosphorus (TP,
and total suspended solids (TSS) loadings to Tampa Bay for the mid-1970"s period to
compare, in a relative sense, the reduction in loadings that has occurred during the
past 15 to 20 years. This analysis was not intended to develop loading estimates
with the level of accuracy and detail as for existing condition loads. Rather, it was
desired to make a general estimate of these loads from the mid-1970's to allow a
“first order” comparison to be made between this time period and existing conditions.
Sources of information reviewed included various reports on Tampa Bay including
studies conducted by state agencies, private firms and summary proceedings.
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The objective of this investigation was to identify and evaluate existing summary
information of TN, TP, and TS5 loading estimates for Tampa Bay as a whaole, and for
bay segments, for the mid-1970's period. Existing documents with summaries of
point and nonpoint source loadings were examined for technical merit and accuracy.
The best existing summaries of TN, TP, and TSS loadings were synthesized to develop
an overall estimate of these loads during the mid-1970's.

In the literature cited, data were presented in various formats including information
from individual point sources, summarized loadings from all point sources to a bay
segment, or estimates combining point and nonpoint sources. Loading estimates were
obtained via different methods such as the summarization of previous information or
actual field studies. Loading estimates were presented in numerous formats including
daily, weekly, monthly, wet/dry season or annually. Because of the variations in data
presantation and the fact that each publication focused on different objectives, few
direct comparisons could be mada.
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2.0 METHODS

Although this investigation required the evaluation of several existing loading model
studies, it was not within this scope of work 1o develop new estimates of point and
nonpoint loadings for the mid-1970°s. Additionally, flow and quality data for
individual point source facilities were not obtained from the FDEP permit files. Rather,
existing documents with estimates of TN, TP, and TS5 loadings were reviewed and
summarized to develop a best estimate of point and nonpoint contributions to nutrient
loadings to Tampa Bay based on previous work, Several documents that addressed
aspects of point and/or nonpaint nutrient loading to Tampa Bay for the mid-1970's
were reviewed, including:

L] Surface Flows to Tampa Bay: Quantity and Quality Aspects (Dooris and Dooris,
1985)

L] Nonpoint Assessment for the Wilson-Grizzle Area (FDER, 1982)

. Tributary Streamflows and Pollutant Loadings Delivered to Tampa Bay (Hartigan
and Hanson-Walton, 1984

L Long-Term Trends of Nitrogen Loading, Water Quality and Biological Indicators
in Hillsborough Bay, Florida (Johansson, 1991)

L Point Source Discharge in the Tampa Bay Area (Moon, 1985}

- Central Florida Phosphate Industry Areawide Impact Assessment Program
Volume V: Water (Texas Instruments, 1978)

L] Waste Load Allocation for Tampa Bay Tributaries (Yousef, 1976)

L] Nonpoint Source Effects (Wanielista, 19786)

Several of these references ware not appropriate for use for a variety of reasons,
including incomplete coverage, inadequate documentation of methods, suspsct
methods or results, or other factors. Howaver, data from the documents that were
believed 10 be most accurate and representative were summarized and compared, as
described below. The following discussion describes the synthesis of these data and
methods that were used to develop estimates of TN, TP, and TSS loads.

2.1 NMNonpoint Sources

Initially, existing literature values were used to develop estimates of "worst case™ TN,
TP, and TSS loading. Several studies previously estimated these nutrient inputs for
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the mid to late 1970's, including those listed above. Of those reports, "Nonpoint
Assessment for the Wilson-Grizzle Area™ (FDER, 1982) provided the only available
consistent, basin-wide estimate of nonpoint source TN and TP loads, and was closely
scrutinized. This investigation used a land use coverage for 1975, projected to 1980
conditions, Using a delineation for the Tampa Bay watershed that included 33
subbasins, TN and TP loadings were estimated on an average annual basis for the
seven bay segments.

Despite the consistent coverage of nonpoint source loadings, no detailed discussion
of methods was included in the FDER (1982) report. However, the development of
the nonpoint source loadings used in this study are described in the repon
"Wasteloads and Wasteload Allocation for Priority and Non-Priority Areas of the
Tampa Bay Region®™ (ESE, 1977). Sawveral potential shortcomings of that nonpoint
source analysis are pointed out in the 1982 FDER report, and should be noted. These
include incompatibility of the land use data used by ESE with other existing land use
classifications, use of 1975 land use data to project 1980 land use, and the
categorization of mining lands into one of three generalized rural land use
classifications. The guality of input data as well as the predictive capabilities of the
models used (USEPA model SWMM-Level 1 and EPARRB-Maodel B), is also questioned
in the FDER (1982] report.

Another potential weakness in the ESE (1977) report includes the approach that was
used, which was to model nutrient loads from the entire watershed, instead of using
measured streamflow and water quality concentration data where available. In
addition, modeling nonpoint source loads in the mid 1970's was hampered by the
relative scarcity of land use specific water guality data for stormwater runoff,

Because of these weaknesses, the nonpoint source loads presented in the FDER
{1982) report were not thought to be of sufficient accuracy 1o be used for compare
to existing conditions loadings as developed for this report. Additionally, nonpoint
source TN and TP loads as estimated by FDER (1982) were compared to existing
condition loads. Both TN and TP nanpoint source loads from FDER (1982) were about
2.0 times existing loads, and were substantially higher than loads for test basins that
were estimated using measured data. These comparisons suggest that the nonpoint
source loadings from FDER (1982} are unrealistically high, and were not used.

During the past fifteen years, advances in nonpoint source modeling, stormwater
characterization, and land use mapping capabilities have reduced many of these
uncertainties. However, it was beyond the purpose of this investigation to attempt
to refine the mid-1970's nonpeint source loadings, based on current knowledge.
Because none of the identified nonpoint source loading estimates appeared to be
sutficiently accurate, it was necessary to determine an alternative method of
estimating nonpoint TN, TP, and TSS loads to Tampa Bay for the mid-1970’s period.
The following steps were used to develop a suitable estimate:
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1) It was assumed that, on a watershed-wide basis, 20% of the urban land that
is shown on the 1990 GIS land use coverage {used for the existing condition
analysis) that now receives stormwater treatment had no treatment during the
mid-1970"s. This represents urban land that existed in the mid-1970s that had
no form of stormwater treatment, either intentional or inadvertent (e.g. from
drainage ponds or overland flow).

2) It was assumed that treatment efficiencies for stormwater facilities was 50%
removal for TN, TP, and TSS5. This assumption is based on using treatment
efficiency rates that are similar to, but slightly lower than treatment efficiencies
for modern, well-functioning stormwater BMP's.

3} Therefore, 20% of the 1920 urban land area was assigned an increased loading
rate for the mid-1970's period, based on a 50% treatment efficiency.

It 5 recognized that land use development patterns vary significantly in different
portions of the watershed, and that stormwater facilities’ treatment efficlencies vary
based on design and parameter. Howewer, this methodology was determined to be
an adequate means of estimating nonpoint source loadings for the mid-1970's period
in lieuw of acceptable existing data. Moreover, the primary focus on this loading
scenario was to document the level of reduction of point source loads to Tampa Bay.
The nonpoint source loadings shown in Section 3 reflect these assumptions.

2.2 Point Sources
2.2.1 Domestic and Industrial Facilities

TH, TP, and TSS loads from domestic and industrial point sources were obtained from
three main information sources. The primary source of information was the document
antitled "Nonpoint Assessment for the Wilson-Grizzle Area™ (FDER, 1982). This report
summarizes domestic and industrial point source discharges of TN and TP to Tampa
Bay with adequate spatial resolution. These data were originally obtained from a
review of FDER monthly operating records of facilities with surface water discharges
to Tampa Bay and adjacent waters.

The FDER (1982) assessment report partitions the Tampa Bay watershed into 33
subbasins, which are assigned to four major study areas - Old Tampa Bay,
Hillsborough Bay, Tampa Bay (which includes the areas tributary to Middle Tampa
Bay, Lower Tampa Bay, and the Manatee River), and Boca Ciega Bay. The subbasins
in the report ware generally delineated matching existing conditions major basin
boundaries, and thus allowed the assignment of point source loads to the respective
bay segments. However, in some cases it was necessary to make assumptions about
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splitting subbasin loads between two adjacent bay segments. For example, some
point source loads in the eastern Pinellas County peninsula had to be partitioned
batween Old Tampa Bay and Middle Tampa Bay (Figure 1).

Using the data provided, point source loads were assigned to the seven current bay
segments. Although the loading data were from 1980 - several years after the target
period of the mid 1970"s - it was assumed that they would be adequate to reprasent
point source loadings during that time, with a few exceptions, as described below.
One major exception was the City of Tampa’s Hookers Point facility. This wastewater
treatment plant was converted to a higher level of treatment (advanced secondary -
AWT) in 1978, so loadings from 1980 would not reflect the conditions during the mid
1970's. In addition, some of the other point sources, specifically industrial facilities
in the phosphate industry, had made improvements to their discharge systems by
1980.

To obtain point source data for the “pre-improvement” condition at these facilities, a
second reference document was used. The "Central Florida Phosphate Industry
Areawide Impact Assessment Program, Volume V: Water® (Texas Instruments, 1978}
was originally published to support an evaluation of cumulative impacts from
phosphate industry activities in the Tampa Bay and Charlotte Harbor watersheds.

These drainage areas include the Alafia River and Peace River basins, which have
historically supported the most intensive levels of phosphate mining and processing
activities. Average daily point source loads for TN, TP, and TSS, based on 1976 FDER
records, are listed for individual facilities in all portions of the Tampa Bay watershed
except Pinellas County. Because it was desired to obtain the most consistent,
watershed-wide loading estimates, these data were not used as the primary source
of loadings, but were used 1o supplement the information obtained from the Wilson-
Grizzle evaluation. Data obtained from this reference includes TN, TP, and TSS
average daily loads for major dischargers in the Hillsborough Bay drainage area, which
includes Hookers Point and almost all the phosphate industry facilities in the
watershed. Additionally, "worst case” TS5 loads for point source facilities in the
watershed were not available from any other source, and were obtained from this
document.

The third reference used to estimate surface discharge point source loads was the
document "Tributary Streamflows and Pollutant Loadings Delivered to Tampa Bay™
(Hartigan and Hanson-Walton, 1984). This report provides a description of data to
be used for input to the University of South Florida {(USF) Tampa Bay Maodel, which
was designated by FDER as the primary planning tool for the FDER Tampa Bay
Wasteload Allocation Study. Individual domestic and industrial facilities are listed with
mean flow (mgd), and TN and TP concentrations obtained from FDER data for 1982-3.
Although these data were also from several years after the period of interest, in some
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cases they are the best available data and therefore were subsequently used. For
example, this data set is the only available source of TN and TP concentrations for the
phosphate fertilizer facility at Port Manatee (AMAX at the time). This plant had
recorded average discharges of aimost one million gallons per day with an average TN
concentration of 145 mg/L, making it one of the major sources of nitrogen input to
Middle Tarmpa Bay.

It is suspected that the true extent of point source loadings during the mid 1970's
may be underestimated, based only on reported data. Permit requirements for
reporting of operating data, and enforcement of those requirements, wera much less
stringent during that period than currently. Additionally, there was little effort to
maonitor conditions at point source facilities beyond permit requirements, with the
excaption of a few facilitias, such as the City of Tampa's Hookers Point Wastewater
Treatment Plant and the City of St. Petersburg’s effluent reuse sites. Since that time,
more comprehansive monitoring requirements and enforcement have bacome routine,
greatly improving the completeness of point source loading data.

2.2.2 Springs

Mutrient loads from springs vary as a function of flow and concentration. Measured
flow and water quality data were obtained for the period 1985 - 1991 for the existing
conditions loading analysis. Spring discharge rates will vary somewhat based on
rainfall and nearby groundwater pumping, and water guality of the discharge will
reflect various sources of nutrients in the watershed [such as fertilizer and effluemt
land application).

Flows from springs in the Tampa Bay watershed have not exhibited significant
changes between the late 1970°s and 1990. Combined flows from Crystal, Sulphur,
and Lithia springs have changed less than 10% (from approximately 132 cfs to 126
cts) during that period (USGS, 1991 and 1992; Rosenau et al., 1977). Sampling data
from Lithia Springs suggest that nitrate + nitrite-N (NO, + NO,-N] concentrations were
approximately 1.3 mg/L in the early 1970's (Jones, 1993). Similarly, NO,4+ NO,-N
concentrations in Crystal Springs discharges were reported to be about 1.2 during the
same period (Rosenau et al., 1977).

Taking an average NO, + NO,-N concentration of 1.25 mg/L and combined spring flow
for the two ungaged springs (Lithia and Sulphur) of approximately B4 cfs (54 mgd) for
the mid 1970°s, the TN load to Tampa Bay (all to Hillsborough Bay) was estimated to
be about 103 tons/year. The current (1985-91) spring loading for Lithia and Sulphur
springs is approximately 106 tons/year (from Appendix 12). Because spring TN
loading estimates for the two periods varied by only 3% it was assumed that existing
conditions average nutrient and solids loadings from springs would be appropriate for
the mid-1970's loading analysis.
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2.3 Fugitive Losses of Fertilizer

Fugitive emission loadings of nitrogen and phosphorus result from spillage and dust
releases of phosphate rock and fertilizer products shipped from the loading terminals
at East Bay, in upper Hillsborough Bay. Because fugitive emissions were not widely
recognized as a significant source of nutrient loadings during the mid 1970's, no
measuraed data from this period exist. This load can be expressed as a percent of
product shipped, and is thought to be a significant source of nutrients to the upper
bay. Estimates of fugitive emissions in Hillsborough Bay for the periods 1966-67 and
1987-90 have been made by Johansson (1991) based on a 0.05% loss rate of
fertilizer product shipped. These values - 120 tons/year for 1967-69 and 770
tons/year for 1987-90 - waere averaged to estimate a fugitive loss rate for the mid-
1970's period for Hillsborough Bay of 450 tons/year.

Port Manatee shipped almost 200,000 tonsfyear of phosphate rock and fertilizer
praducts during the period 197%-76 (Highland, 1993). Based on an estimated ratio
of nitrogen-containing fertilizer products to total fertilizer material shipments of 40%
(Highland, 1993) and the 0.05% loss rate, a fugitive loss rate of 39 tons/year was
estimated for Lower Tampa Bay.

2.4  Atmospheric Deposition

Data from the National Atmospheric Deposition Program {NADP} and National Urban
Runoff Program (NURP) were used to estimate atmospheric deposition of nitrogen and
phosphorus for existing conditions. Meither of these programs were in existence in
the time period of worst case loadings (mid-1970s). In addition, there was a general
lack of measured precipitation chemistry data, and the characteristics of this nutrient
source, especially dryfall, were much less understood than currently. Therefore, it
was necessary to identify either 1) precipitation chemistry data collected from that
period, or 2) a trend analysis to relate either emissions or deposition from that period
1o existing conditions levels,

Mo representative, reliable precipitation chemistry data from the mid-1970's were
identified. However, the document "National Air Pollutant Emission Trends, 1900-
1992" (EPA, 1993) contains a trend analysis for NO, emissions from 1800 to 1982.
Based on this report, nation-wide NO, emissions increased steadily from the turn of
the century until the early 1970's, and have remained at about the same levels since
then. This finding is also documented in other nation-wide trend analysis reports
(USEPA, 1991; U.S. Congress Office of Technology Assessment, 1984).

The assumption was made that 1) changes in NO, emissions are proportional to total

atmospheric depaosition, and that 2} the national trend is representative of conditions
in the Tampa Bay watershed. These assumptions were made because of the lack of
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regional data, and because aimospheric deposition is thought to be much more
responsive to large scale transport processes, and not local conditions. Based on
these factors, atmospheric deposition for the mid-1970's scenario was made equal
to existing conditions levels.

2.5 Groundwater

Groundwater nutrient lpads are a function of flow rate and concentration.
Groundwater flows were estimated and measured nutrient concentrations were
obtained for the existing conditions analysis. No data were identified that suggested
that nutrient loading from groundwater was significantly different from existing
conditions, and that would justify changing either flows or concentrations for future
conditions. Monitoring data at some locations, such as springs, shows an increase
in spring discharge concentrations of nitrogen {Jones, 1993). However, it must be
noted that springs are geologically unusual, and, in the Tampa Bay watershed, are
usually located in areas where the geology allows significant surface water infiltration
into the ground. The geology of most of the watershed is such that the potential for
surface water infiltration to groundwater is much less. In addition, groundwater
loading of nutrients is estimated to be less than one-tenth of one percent of the total
bay-wide TN loading for mid-1970's conditions. Therefore, it was assumed that
existing condition groundwater loads would be appropriate, and were used for this
analysis.
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3.0 RESULTS

4.1 Bay-wide Loadings

Estimated bay-wide loadings of TN, TP,and TS5 are shown in Figures 2, 3, and 4.
Comparisons of estimated current (1985-91) to mid-1970's loadings are shown in
Figures 5, 6, and 7. On a bay-wide basis, "worst case” (ie. mid-1970’s] total nitrogen
(TN) loading was estimated to be approximately 9,900 tons/year from all sources
(Figure 2}. In contrast, current {1985 - 1991] TN loads are estimated to be about
3,900 tons/year, a significant reduction. Similarly, mid-1970's TP loads are estimated
to be approximately 4,000 tons/year, while current conditions loads are approximately
2,800 tons/year (Figure 3), and mid-1970's TSS loads are about 73,700 tons/year,
to current conditions loads of approximately 40,500 tons/year (Figure 4). This
represents a relative reduction from worst case conditions in bay-wide TN, TP, and
TSS loadings of approximately 60%, 30%, and 45%, respectively. These load
reductions are thought to be mainly the result of reduced point source loadings and
lower fugitive emission loadings from phosphate handling facilities.

Point sources weare estimated to contribute ten times (6,000 tons/year) the existing
conditions TN load (600 tons/year] to Tampa Bay during the mid-1970"s (Figure 5).
Loadings from both domestic and industrial point sources were higher, based on the
available data. However, it is believed that the point source loads, while much higher
than for existing conditions, may have been underestimated in the cited literature for
the mid-1970's period. This would be primarily a result of monitoring and reporting
techniques and requirements, which ware much less stringent than for subsequent
time periods. Nonpoint source loadings were also estimated to be higher during that
period, based on available information.

Fugitive emission TN loadings were also estimated to be higher during the mid-1970"s
{500 tons/year), than the existing conditions estimate of 300 tons/year. These
external loads enter the bay at the East Bay (Hillsborough Bay) and Port Manatee
{Lower Tampa Bay) phosphate shipping terminals. It should be noted that the data
for the existing condition period covers the years 1985 - 1991, Significant reductions
to several phosphate handling and loading facilities have occurred since 1991, most
notably the IMC-Agrico Port Sutton facility, and additional reductions to this source
are anticipated during the next several years.

Atmospheric deposition was assumed to be the same for both time periods (Section
2.4. Spring discharges and groundwater loadings are much smaller than other major
sources of TN loading that were evaluated. Although these inputs can be expected
to change with time, the expected variation in these loads is not significant with
respect to the other sources (Section 2.5). Therefore, these loads were set to equal
existing conditions for this analysis.
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Trends in estimated TP loadings were similar to those for TN (Figure 6). Estimated
loadings from point sources, nonpoint sources, and fugitive emissions all were higher
across the watershed during the worst case period. Of these, point source loadings
changed the most, with mid-1970’'s TP loads estimated to be about twice existing
conditions (1,500 tons/year to B0O tons/year).

Estimated TSS loads were also significantly higher for the mid-1970's estimates than
for existing conditions (Figure 7). Bay-wide nonpoint source TSS loads for the mid-
1870's (62,000 tons/year) were estimated to be almost twice current loads {34,600
tonsfyear). Similarly, point source TSS loads were estimated to be about two times
higher far the mid-1970's estimates (11,600 tons/year) than for existing conditions
{5,200 tons/year).

3.2 Bay Segment Loadings

TN loads to Old Tampa Bay are about 40% lower (about 320 tons/year difference]
currently than during the mid-1970's. TP loads are about 13% lower currently, and
TSS loads are estimated to be about 46% lower currently. These lower bay segment
loadings are primarily attributable to reduced peoint source loads resulting from
improved treatment levels at domestic wastewater treatmeant plants.

Hillsborough Bay received the highest TN loading of any bay segment during the mid-
1570's. Hillsborough Bay alone received approximately 60% of the total bay-wide TN
load. The greatest change in the magnitude of bay segment nitrogen loads also
occurred in Hillsborough Bay, where external TN inputs have been reduced since the
mid-1970's from an estimated 5,500 tons/year to about 1,500 tons/year. TN load
reductions of this magnitude have also been documented by Johansson (1991). Of
the major sources of TN, fugitive emissions are now lower by almost 180 tons/year
and nonpoint source loadings are lower by about 150 tons/year. Mid-1370"s point
source |loads (4010 tons/year) were estimated to be 90% higher than current loads
(404 tons/ year), which represents an absolute reduction in TN of approximately
3,600 tons/year.

The greatest relative reduction in phosphorus loads also occurred in Hillsborough Bay
(25%), a difference of approximately 550 tons annually. Fugitive emissions have
been reduced an estimated 250 tons/year, nonpoeint sources are slightly lower, and
TP loads are now mare than 200 tons/year less than during the mid-1970's.

Hillsborough Bay also experienced the greatest reduction in TSS load reduction to
Tampa Bay. TSS loads are now less than half of the mid-1970's levels, TSS load
reduction to this segment (approximately 17,600 tons/year), is about half of the total
TSS load reduction for the entire bay between the mid-1970s and existing conditions.
Much of this load reduction (about 12,000 tons/fyear) is attributed to nonpoint source
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loads. It is possible that the cited loading estimates for the mid-1970’s overastimated
nonpoint source loads (Section 2.1}, and the comparison between periods therefore
may not be strictly wvalid.

Middle Tampa Bay has experienced a large relative reduction in TN loadings, with mid-
1970's loadings reported at approximately 1,630 tons/year and current loadings at
730 tons/year - a 55% decrease. Point sources contributed about half {800
tons/year] of the total nitrogen load 10 Middle Tampa Bay in the mid-1970"s, mainly
from surface discharge of domestic wastewater and phosphate facilities. Howaver,
as a result of wastewater reuse programs and improvements to industrial permitting,
that contribution is now under 5% (less than 25 tons/year). TP also has been
significantly reduced, and TSS loads are now about 44% lower than during the mid-
1970's.

TN loads to Lower Tampa Bay are estimated to have experienced virtually no change.
TP loads are now slightly lower, and TSS loads are estimated to be approximately
45% lower. During the mid-1970's, Lower Tampa Bay received approximately 7%
of the TN load, about 13% of the TP load, and less than 3% of the TSS load of
Hillsborough Bay.

Boca Ciega Bay has had its TN load reduced from an estimated 970 tons/year during
the mid-1970's to almost 250 tons/year (a reduction of almost 75%). Although the
relative reduction in TN loading for Boca Ciega Bay is greater than Hillsborough Bay's,
Hillsborough Bay accounts for @8 much greater absolute reduction in tonnage of
nitrogen - almost 4,000 tons/year versus about 500 tons/year for Boca Ciega Bay.

TN, TP, and TSS loads 1o Terra Cela Bay were all estimated to have been higher
during the mid-1970's. TN and TP loads show little change between the two periods
(36 versus 37 tons/year, and 18 versus 23 tons/year, respectively). TSS loading for
mid-1370's conditions (450 tons/year) was almost double existing conditions (250
tons/year].

The Manatee River bay segment is also estimated to have experienced reductions in
TN, TP, and TSS loads since the mid-1970's. TN loads are estimated to have been
reduced by about BO tons/year, TP loads are estimated 1o be approximately 35
tons/year lass currently than during that time period, and TSS loads are approximated
to be about 2,500 tons/year less under existing conditions.
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APPENDIX 14

ESTIMATED NUTRIENT AND SUSPENDED SOLIDS LOADING

TO TAMPA BAY FOR FUTURE CONDITIONS
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1.0 INTRODUCTION

The final nutrient loading scenario described in this report is an estimate of TN, TP,
and TS5S loads for future conditions. These loading estimates are intended to be used
as input data for the SWFWMD SWIM box model (WASP), to evaluate the bay's
response to increased lavels of nutrient and suspanded solids inputs. These estimates
of the relative increases in loadings to the bay will be used to estimate Tampa Bay's
assimilative capacity with respect to nitrogen and phosphorus.

The time period for this analysis is circa 2010, and was chosen mainly because that
period is a typical planning horizon for growth management and infrastructure
demands for water and wastewater flow projections, future land use scenarios, and
population estimates. All major potential nutrient and solids loading sources were
addrassed.

It is estimated that the population of the Tampa Bay watershed will grow from a
current level of about 1.7 million residents to over 2.2 million by the year 20710
{University of Florida, 1993). This growth will result in additional urban development,
wastewater facilities, roadways, industrial activity and other factors than have the
potential to increase TN, TP, and TSS loadings to the bay. However, water use,
stormwater, and other environmental regulations, water reuse measures, and other
rEsouUrce conservation actions may partially offset the potential increase in loads 1o
the bay. The following describes methods that were used to make estimates af TN,
TP, and TS5 loadings to the bay. The methods and assumptions used 10 make these
loading estimates attempt to account for both the increased urbanization, and the
management and regulatory activities that are intended to partially mitigate the
resultant higher nutrient and solids loadings to Tampa Bay.
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2.0 METHODS

2.1  Monpoint Sources

Future conditions nonpoint source loads were estimated using technigues similar to
those used to calculate existing condition nonpoint source loadings, described in
Sections 2 and 3 of the main report. GIS coverages for land use and subbasin
boundaries, monthly precipitation values and land use-specific runoff coefficients and
water quality values were used. Using long-term average precipitation conditions,
average manthly values for one calendar year of future condition nonpoint source
lpadings of TN, TP, and TSS were estimated for each of the ten major subbasins in
the Tampa Bay watershed. The nonpoint source loading from the entire watershed
was modeled, as described below.

Land use - An ARC INFO GIS coverage of future conditions land use for Hillsborough
County, Pinellas County, Manatee County, and Pasco County was obtained from
Tampa Bay Regional Planning Council (TBRPC). Future land use for the portion of Paolk
County within the Tampa Bay watershed was obtained from the Polk County Planning
Department, and incorparated into the regional map for a complete coverage of the
watershed.

The future land use map is a conceptual planning tool. It depicts areas that are most
appropriate for future development, and are most likely to be developed. The TBERPC
future conditions land use map, (developed with reference to the year 2010) does not
show what land use planners expect to be the actual extent of development in the
year 2010. Rather, it shows the most intensive land use that is deemed appropriate
for areas of the planning area, if developed by that time. Therefore, the future land
use map may be thought of as a "buildout” condition land use scenario.

The future land use map is not intended to show a detailed delineation of land uses
at the same scale, and was not produced at the same level of detail, as the existing
conditions land use map, Subsequently, if the TBRPC future land use map were used
- ag is - in place of the existing land use map {which is based on aerial photography
and is very detailed), much inaccuracy would be introduced into the nonpoint source
modeling. Therefore, a methodology was developed to revise the more detailed
existing land use map to reflect future conditions. This procedure included the
following steps:

1} Some existing land uses were expected to remain the same for future
conditions, irrespective of the future land use map delineations. For example,
it was assumed that environmental permitting would result in the preservation
of most areas within the land use classifications of freshwater (lakes, rivers,
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etc.), freshwater wetlands, and saltwater wetlands. Therefore, areas within
these land use categories remained unchanged from existing conditions.

2) The remaining land use categories were reviewed to determine the relative
intensity of development for each, and the per-acre nitrogen loading that each
land use category would generate. Estimates of land use-specific nitrogen
loadings were based on the methods used for the existing condition analysis.
The land uses were then ranked according to the per-acre nitrogen load, the
highest loading being ranked first. Land use-specific loadings are a function of
runoff coefficient and measured water quality concentrations.  Runoff
coefficients and land use-specific water quality concentrations are shown in
Appendices 2 and 4.

3} The existing conditions land use map was electronically merged with the future
conditions land use map.

4] These procedures were then followed:

. If the future land use map showed a land use with a higher per-acre
nitrogen yield that the existing land use map, the land use was changed
to the future condition (with the exceptions listed above).

. If the future land use map showed a land use with the same or lower
per-acre nitrogen loading than the existing land use map, that land use
remained the same as existing conditions.

The result of this mapping technigue was that, subsequent to comparing
existing and future land usas for the watershed, the land use condition with tha
higher nitrogen load was used, and land uses with lower nitrogen loads were
changed [with the exceptions listed abovaj.

G The resultant land use coverage was used for the future condition nutrient
loading analysis. This coverage included all wetlands delineated on the existing
land use map, and either the existing or future land uses, depending on which
land use of the existing/future map overlay had the highest per-acre nitrogen
loading yield. Several sources of uncertainty limit the predictive value of this
analysis, including the uncertainty of future land use growth rates and land
development patterns and the unknown future condition of certain land use
types, such as mined lands.

Major basin boundaries - The current SWFWMD GIS subbasin boundary coverage for
the Tampa Bay watarshed, described in Section 2 of this report, was used for this
portion of the data base. No alterations were made to this coverage. TN, TP, and
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TS5 loadings were completed for each of the ten major drainage areas within the
Tampa Bay watershed,

Precipitation - Long-term National Weather Service rainfall data for the watershed was
used to develop average monthly rainfall for the watershed. The monthly values ware
used to generate monthly streamflow and nonpoint source load estimatas using the
same technigues that were employed to generate existing conditions nonpoint source
loads. Estimates of TN, TP, and TSS nonpoint source loads were generated for the
ten major Tampa Bay watershed basins. Because current and historical rainfall trends
may vary in the future, estimates of nonpoint source loads based on existing rainfall
recaords may ultimately prove to ba inaccurate.

Nonpoint source loads and treatment efficiency coefficients - Nonpoint source loads
of TN, TP, and TS5 were developed for future conditions land uses, following these
proceduras:

. The existing conditions runoff coefficients and water quality concentrations,
described in Section 2 of this report and summarized in Appendices 2 and 4,
wera used to develop initial loadings for the future conditions land uses.

L] Loadings were adjusted on a land use-specific basis to account for stormwater
treatment of runoff from new urban development. Based on the land use
transformations described above, nonpaint source loads from new urban land
{land which was not categorized as urban for existing conditions, but is shown
as urban on the future land use map), were reduced by a factor representing
average stormwater best management practices (BMP) treatment efficiencies.
Treatment efficiencias were adapted from the SWIM Tampa Bay Urban
Stormwater Analysis and Improvement Study (Dames & Moore, 1991}, and are
representative of average treatment efficiencies for a variety of BMPs. The
treatment efficiencies are shown in Table 1.

Table 1 Stormwater best management practices treatment efficiencies

Pollutant Remowval
Parameter g ! Rate (%)

Total Nitrogen

Total Phosphorus

Total Suspended
Solids
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Thase stormwater treatment efficiencies were applied 10 some of the land uses that
occur in the future land use coverage, described above. No treatment was allotted
to existing urban land uses that occurred on the final future land use coverage,
because this development may or may not have pre-dated requirements for
stormwater management (1984). Existing condition urban land uses wera not
analyzed to determine the relative proportion that had been developed with
stormwater treatment. Likewise, no treatment was given to freshwater or wetland
areas. The only areas that were afforded water quality treatment were those lands
with lower nitrogen loadings that changed to higher nitrogen loadings on the final
future land use coverage. This included such conditions as agricultural lands that
changed to urban, or urban lands that changed to other urban land with higher
nitrogen loading.

It should be noted that existing conditions land use-specific water quality
concentrations have been used for the future conditions nonpoint source loadings.
These values may vary substantially for future conditions, and are subject to changes
in developmeant patterns, permitting requiraments, or stormwater treatment facility
efficiencies. Additionally, that portion of atmospheric deposition that is delivered to
the watershed has been included in the nonpoint source portion of the total loading
estimates. If, as is assumed for atmospheric deposition that is delivered directly to
the bay, deposition rates increase over the next decades, then the existing runoff
water quality concentrations may underestimate future conditions. These factors
introduce a relatively high level of uncertainty in the nonpoint source loading estimates
for future conditions.

2.2 Point Sources

2.2.1 Domestic Point Sources

The existing conditions domestic point source loading data base was revised to reflect
probable future conditions, as shown in Table 2. Revisions included:

L] changing the flow rates at individual plants to reflect projected future
conditions,
L] changing loading estimates from individual plants to reflect changes to

treatment levels or effluent disposal methods,

- removal of all flows and loads from small plants planned to be taken out of
service during the next twenty years, and

. addition of flows and loads from planned new plants.
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Table 2 Projected status of domestic point sources circa 2010

(Page 1/3)

Facility Name

Future Conditions Status and Information
Source

Dale Mabry Regional

Flows revised per Hillsborough County
Planning and Development Managemeant
(HCPDM) (5D, LA)

Pebble Creek Village

Flows revised per HCPDM (SD)

Plant City

Flows revised per City of Plant City Dept. of
Public Works (IR)

Valrico Subregional

Flows revised per HCPDM [LA)

Bloomingdale Hills

No flow, connect to regional plant (HCDPM)

Boyette Springs

No flow, connect 1o regional plant (HCDPM)

H Faulkenburg

Flows revised per (HCDPM) (50% IR, 50% LA)

City of Tampa Hookers
Point

Flows revised per City of Tampa Dept,
Sanitary Sewers [(SD)

MacDill AFB

No flow, connect 1o Hookers Point (HCDPM)

Hills. Co. NW Regional

Flows revised per HCPDM (LA, SD)

Prograss Village

Mo flow, connect to regional plant (HCDPM)

Rice Creek

Mo flow, connect to regional plant (HCDPM)

River Oaks

Revised flow per HCPDM (SD, LA}

River Hills Country Club

Mo flow, connect to regional plant (HCDPM)

Seaboard Utilities

Mo flow, connect to regional plant (HCDPM)

summerfield Regional

Flows revised par HCDPM) (LA}

South Hills. Co. Regional

Flows revised per (HCDPM) (LA, IR}

City of Palmetto

Flows revised per City of Palmetto Utilities
Dept. (LA)

Manatee County North
Regional

Flows revised per 1990 master plan (Manatee
County Public Works Dept. - MCPWD) (LA)

Manatea County SE
Regional

Flows revised paer 1920 master plan (MCPWD)]
(LA)
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Table 2 (continued)

Projected status of domestic point sources circa 2010

(Page 2/3)

Facility Name

City of Bradenton

Future Conditions Status and Information
Source

Flows revised per plant staff - City of
Bradenton Public Works Dept.(SD, LA)

City of Mulbarry

Mo flow - hookup to Lakeland WWTP (FDEP)

Meadowlands

Mo flow - hookup to Lakeland WWTP (FDEP)

City of Lakeland

Flows revised per FDEP (LA, SD)

City of Oldsmar

Flows revised per City of Oldsmar Public
Works Dept. (LA)

City of Largo

No change (City of Largo Public Works Dept.)

City of Clearwater NE

Flows revised per City of Clearwater Public
Waorks Dept. (SD)

City of Clearwater East

Flows revised per City of Clearwater Public
Waorks Dept. (SD)

Top of the World

Mo change per City of Clearwater Public
Waorks Dept. (LA)

City of 5t. Petersburg SW

Flows revised per City of 5t. Petersburg Public
Utilities Dept. (LA)

City of 5t. Petersburg NE

Flows revised per City of St. Petersburg Public
Utilities Dept. (LA}

City of St. Petersburg
Albert Whitted

Flows revised per City of St. Petersburg Public
Utilities Dept. (LA)

City of 5t. Petersburg NW

Flows revised per City of 51. Petersburg Public
Utilities Dept. (LA)

Pine Ridge

Mo flow, connect to regional plant, per Pinellas
County Sewer System Dept.

Tarpon Woods

Mo flow, connect to regional plant, per Pinellas
County Sewer System Dept.

Tarpon Lake Village

No flow, connect to regional plant, per Pinellas
County Sewer System Dept.
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Table 2 (continued) Projected status of domestic point sources circa 2010
(Page 3/3)

Facility Name Future Conditions Status and Information
Source

Eastlake Woodlands Mo flow, connect to regional plant, per Pinellas
County Sewer System Dept.

South Cross Bayou Flows revised, per Pinellas County Sewer
System Dept. (75% LA, 25% SD)

NOTES: SD = surface water discharge
IR = industrial reusa
LA = land application (spray irrigation/reuse or percolation pond)

Flow rates were adjusted using data provided by local governments’ utilities planning
departments, as shown in Table 2. Flow rates under future conditions were estimated
based on projected population growth in the local jurisdictions and per capita water
use volumes, and were taken from wastewater master plans and comprehensive
plans. The planning horizon for this information is most often the year 2010, so the
estimates obtained from the local agencies were used without revision.

Although no major treatment plants are scheduled to undergo significant
improvements to current treatment methods, several plants are scheduled 10 convert
their effluent disposal systems to include water reuse capabilities. This could have
several implications with respect to the water balance, water guality, and flushing
rates in some bay segments, including:

] Reuse of highly treated effluent will reduce the demand on potable water for
such uses as landscape irrigation and industrial process water,

L] Application of the effluent on landscaped areas will enhance nutrient uptake
and reduce nutrient loading to the bay from these sources.

Local utilities planners have scheduled several small private or public treatment plants
to be taken out of service over the next two decades, and the service areas of larger
plants to be expanded to serve these areas. Hillsborough County and Pinellas County
in particular are taking aggressive actions to upgrade sewer service by connecting
areas currently served by small package plants to regional plant systems. Because the
larger plants generally have better quality effluent and are planning to implement reuse
options, this will have the overall effect of reducing nutrient loading to the bay,
despite larger plant flows. Not all projected population growth in the watershed can
be accommodated by existing treatment plants. Hillsborough County has a new
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regional plant scheduled for construction during the near future. This plant has been
included in planning estimates of flows and service area, and is included in the future
condition point source loading estimates. It should be noted that potential changes
in future operation levels and demands for service may significantly alter the estimates
of future TN, TP, and TSS loadings.

2.2.2 Industrial Point Sources

Projected future condition industrial flows are less readily available than domestic
point source data. Because industrial activity and resultant plant flows are driven by
a variety of factors, it is not possible to accurately predict future flows from many
facilities. However, projections of future levels of activity for some industries are
available, and some major industrial plants have very recently completed, are currently
completing, or plan to make significant changes 10 wastewater treatment levels or
effluent disposal methods. Based on interviews with industry and regulatory
personnel, some changes were made to industrial flows and loadings.

Several industrial facilities that had permitted discharges during the 1985 - 1991
period either now have no discharge, or will have no direct discharge by 2010, This
may be a result of several conditions, such as sending effluent discharges to a
regional sewer plant, converting the effluent discharge to land application or reuse,
or the facility ceasing operations. Based on discussions with FDEP, the following
industrial facilities, all within the Hillsborough River watershed, were assigned zero
discharge for the future conditions analysis;

CF Industries - Plant City Chemical Plant
Crystals International, Inc.

Florida Sno-man, Inc.

Erly Juice, Inc.

CSX Transportation Winston Yard.

L BN B O

The Nitram chemical plant in the Coastal Hillsborough basin is preparing its application
for the renewal of its state discharge permit by 1995. Discussions with FDEP staff
reveal that under currently negotiated conditions, permit compliance will require that
Nitram limit its average daily discharge to 25 pounds of TN per day. Tharefore, this
limit was used for the future TN loading from this individual industrial facility.

The Tropicana plant in Bradenton is another major industrial facility in the watershed.
This plant has long been a source of high TSS and nutrient loadings to the Manatee
River. Under an agreement with FDEP, the plant will limit its discharges to 50 pounds
of TN par day during the plant’s active months (June through November), as
established in the Water Quality Based Effluent Limitation (WQBEL) Study for the
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Manatee River (DeGrove, 1986). In addition, Tropicana has recently completed
canstruction of an on-site process water treatment plant, and now provides secondary
treatment to all industrial effluent prior 1o off-site discharge. Two quarterly samples
taken since the plant began operation have been reported to FDEP, and both are
within the 50 pound per day limit for TN, s0 this value is assumed to be a valid future
candition TN load for Tropicana. For the months other than those addressed by the
new permit conditions, average existing conditions effluent discharges are used 1o
represent future conditions.

The phosphate industry is @ major industrial source of nutrient and solids loadings to
Tampa Bay. Discussions with Florida Phosphate Council staff (1994) indicate that
industry analysts project very modest growth (one to two percent per year) over the
next ten to fifteen years. Although some growth is forecast, it is anticipated that
enhanced compliance with state and local regulatory requirements will offset any
increases in industry activity in terms of TN, TP, and TS5 loadings. Therefore,
permitted discharges from all phosphate facilities were held at current levels for the
future conditions analysis.

2.2.3 Springs

MNutrient loads from springs vary as a function of flow and concentration. Measured
flow and water gquality data were obtained for the period 1985 - 1991 for the current
conditions loading analysis. Spring discharge rates vary based on rainfall and nearby
groundwater pumping, and the water quality of these discharges will reflect various
sources of nutrients in the watershed (such as fertilizer and effluent land application).
Although resource managers recognize the potential for higher nutrient loads from
springs based on increased poliutant inputs from septic tank effluent, fertilizer, and
other sources (Janes and Upchurch, 1993), no data were identified to allow future
TN, TP, and TSS loadings from springs to be predicted. Therefore, it was assumed that
average monthly nutrient and solids loadings from springs would be used for the
future conditions analysis.

2.3 Fugitive Losses of Fertilizer

A significant source of nutrient loadings associated with the phosphate industry is
fugitive emissions - the unregulated loss of phosphate rock and fertilizer products
resulting from the handling and transportation of these materials. Within the past two
years, a few of the phosphate loading dock facilities (most notably, IMC-Agrico) have
completed major improvements to stormwater management and dust suppression
systems and genaral facility upkeep that have greatly reduced the amount of nutrients
entering the bay from these sources. Historical losses of fertilizer products have been
estimated to range from 0.05% to 0.02% of product shipped (Cardinale and Dunn,
1991; Johansson, 1997; Morrison and Eckenrod, 1994). However, fugitive losses
from two phosphate processing and handling facilities (IMC-Agricol which have
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substantially reduced these releases is estimated to be, as of 1993, about 0.002-
percent of product shipped - equivalent to a ten-fold reduction in nutrient loading to
Tampa Bay from these facilities (IMC-Agrico, 1994).

Local and state agencies are currantly working with the industry to achieve similar
reductions in fugitive emissions at all loading facilities. Based on the above analysis,
the future condition loading estimates for fugitive emissions sets the loss rate for the
two IMC-Agrico facilities at the current rate (0.002-percent). Because the other five
loading facilities, unlike the two IMC-Agrico sites, do not have the land available 10
reétain entire stormwater volumes, it is anticipated that reaching the 0.002-percent
loss rate may not be feasible. However, because of commitments by the companies
involved to reduce fugitive losses at these sites, a future loss rate of 0.004-percent
was assumed to be appropriate for the future loading analysis. Sources of uncertainty
with these loading estimates include projecting the relative level of activity of the
phosphate industry in the future, and the difficulty in characterizing this source of
nutrient loads.

2.4 Atmospheric Deposition

Atmospheric deposition can change based on rainfall patterns, and the rate of
emissions of material into the atmosphere, If it is assumed that average rainfall will
accur, then projected increases in atmospheric emissions can be used to estimate
future conditions. Recent research by the Environmental Defense Fund (Fisher, 1988)
suggests that atmospheric nitrate emission, which originates mainly from powaer plants
[s1ationary sources) and motor vehicles mobile sources), will continue to increase in
the future. Emission rates for the southeast region of the United States are projected
to increase from a 1989 level of 0.42 million tons/year to 0.63 million tons/year in the
year 2010, a 50-percent increase. This projected increase was assumed to apply for
all forms of atmospheric deposition of nutrients, and the future condition atmospheric
deposition loads of TN and TP were estimated by multiplying existing condition loads
by 1.5. Because estimates of future conditions loadings are based on historical and
current conditions, changes in economic and environmental conditions may greatly
alter these projections.

2.5 Groundwater

Like springs, described above, groundwater nutrient loads are a function of flow rate
and concentration. Groundwater flows were estimated and measured nutrient
concentrations were obtained for the existing conditions analysis. No methodologies
were identified that would justify changing either flows or concentrations for future
conditions. Therefore, it was assumed that existing condition groundwater loads
would be appropriate, and were used for the future conditions analysis.
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3.0 RESULTS

The results discussed below are based on available data and interviews with public
and private organizations’ staff. It should be noted that additional refinements, that
were not included in the scope of work for this project, are possible. Thease
refinements include a more detailed evaluation of future land use conditions, a
verification of future industrial point source discharges, and possibly other
improvements to existing data sources.

The loadings discussed below are sound general estimates of the projected relative
increases in TN, TP, and TSS loadings to Tampa Bay. By completing the above
refinements to these future loading estimates, an additional level of certainty could be
assigned to the absolute magnitude of the estimates.

3.1 Bay-wide Loadings

On a bay-wide basis, TN loadings for future conditions (circa 2010) were estimated
at approximately 5,800 tons per year from all sources (Figure 1), a significant increase
over the existing conditions (1985-1991) TN load of 3,900 tons/year. Bay-wide
existing and future TP loadings were estimated to be approximately 2,800 and 3,400
tons/year, respectively (Figure 2). Existing conditions TSS loads totalled about
40,500 rons/year, while future conditions were estimated at 74,000 tons/year (Figure
3). This represents estimated relative changes in TN, TP, and TS5 loads to Tampa
Bay of approximately 45%, 20%, and 80%, respectively, between existing and future
conditions.

Contributing to these changes are nonpoint source loads, which were estimated at
levels almost 70% higher for future conditions, atmeospheric deposition (50% higher),
and point source loads (40% higher). Fugitive emissions were approximately 90%
lower, based on projected improvements to phosphate loading facilities. On an
absolute scale, the major contributors to the projected increases in TN loadings are
nonpoint sources (estimated at a 1,300 tons/year increase), atmospheric deposition
(500 tons/year increase), and point sources (over 200 tons/year increase). Fugitive
emissions totalled less than 5 tons/year TN, down significantly from almost 300
tons/year for the existing conditions load.

Bay-wide nonpoint source TN loading for future conditions was estimated 1o be the
most significant contributor of future nonpoint TN loads in terms of absolute
magnitude (Figure 4). This is a function of land use changing from agriculture to
urban, based on the TBRPC future land use map, with the resultant higher per-acre
loads. The actual change in nonpoint source loads for future conditions may vary
from these estimates If development does not attain the future conditions shown on
the future land use map obtained from TBRPC, or if stormwater treatment Tacilities
vary from literature values for treatment efficiencies.
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Comparison of Existing and Future Loads
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Future Annual Loads
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Future bay-wide TP loads displayed similar trends (Figure 5). Atmospheric deposition
increased from about 300 tons/year to about 1,300 tons/year for future conditions.
Nonpaoint sources were also higher, with estimated contributions changing from about
700 tons/year for existing conditions to over 900 tons/year for future conditions,
Point sources ware astimated to contribute a larger TP load bay-wide, changing from
about BOO tonsfyear for existing conditions to 1,100 tons/year for future conditions.
These changed loads represent increases to the major sources of 50% for atmospheric
deposition, 30% for nonpaint sources, and 40% for point sources. The future point
source loads do not account for any change in the Hookers Point wastewater
treatment plant’s effluent disposal methods. If some degree of reuse is instituted,
point source loadings to the bay will decrease.

Future conditions TSS loads (74,000 tons/year] are about 80% higher than existing
conditions loads (40,500 tons/year) an a bay-wide basis (Figure 6). Nonpoint source
TSS loads are estimated to change from about 34,600 tonsfyear for existing
conditions to 74,000 tons/year for future conditions. Thisis attributed to urbanization
and subsequent higher per-acre TSS loads. The balance of the TSS load (12,000
tons/year for future conditions and 6,000 tons/year for existing conditions) is from
point sources.

3.2 Bay Segment Loadings

Future TN loads to Old Tampa Bay were estimated to be about 85% (440 tons/year)
higher than for existing conditions, and TP loads were 50% higher {150 tons/year).
Both these increases are a result of higher point source, nonpoint source, and
atmospheric deposition contributions. Future TSS loads were also estimated to be
higher for future conditions (9,900 tons/year) than for existing conditions {5,500
tons/year}, resulting primarily from nonpoint source loading from new urban land.

TN loads to Hillsborough Bay were estimated to be slightly higher for future conditions
(1,700 tons/year) than for existing conditions (1,600 tons/year), primarily a result of
higher nonpoint source loads and lower fugitive emission loads. Point source loads
increased less than 10%, and atmospheric deposition was estimated to be 50%
higher. TP loads to Hillsborough Bay were estimated 1o be slightly lower for future
conditions (1,500 tons/year) than for existing conditions (1,600 tons/year], also a
result of increases in nonpoint and point sources being offset by lower fugitive
amissions. TSS loads were estimated to change from approximately 16,000 tons/year
for existing conditions to 18,000 tons/year for future conditions.

Point sources were assumed to be a significant source of TN, TP, and TSS loading to
Hillsbarough Bay under future conditions. However, although there are now no
definite plans to institute capabilities for effluent reuse at Hookers Point wastewater
treatment plant, that disposal option is very possible. If reuse were implemented,
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point source inputs of TN, TP, and TSS would all be lower in Hillsborough Bay.

Middle Tampa Bay had a 55% change in TN loads, estimated at about 700 tons/year
for existing and about 1,200 tons/year for future conditions. All the major sources
wereg estimated to increase - nonpoint source by 60%, atmospheric deposition by
50%, and point sources by §5%. TP loads t0 Middle Tampa Bay also increased, from
about 350 to 550 tonsfyear. All major sources including nonpoint, point, and
atmospheric deposition, increased by at least 50%. Of these sources, nonpaint
sources contributed the largest magnitude of additional loading, about 250 tons/year.

Lower Tampa Bay also showed increases in all three parameters. TN loads were
estimated to be about 350 tons/year for existing conditions, and about 550 tons/year
for future loadings {55 % higher]. Future TP loads were estimated to be approximately
350 tons/year, up from about 250 tons/year for existing conditions (40% higher), and
future TSS loads were estimated at 1,900 tons/year, versus almost 550 tons/year for
existing conditions {(250% higher). All major external sources were estimated 10 have
higher TSS loadings in this bay segment under future conditions. MNonpoint sources
contributed the highest additional load of TSS - about 2,600 tons/year over existing
conditions.

TN and TP loads 10 Boca Ciega Bay are estimated to be higher for future conditions
1450 and 200 tons/year, respectively) than for existing conditions (250 and 100
tons/year, respectively). Atmospheric deposition, point source, and nonpoint source
contributions are all estimated to be higher for future conditions for both nutrients.
TSS loads were estimated to be higher for future conditions (7,500 tons/year] than
for existing conditions {4,800 tons/year), resulting primarily from higher nonpoint
source loads.

TN, TP, and TSS loads to Terra Ceia Bay were all estimated to be higher for future
conditions than for existing conditions. TN and TP loads show moderate change
between the future and existing periods {60 versus 35 tons/year, and 30 versus 20
tons/year, respactivelyl. TSS loading for future conditions was almost double (450
tonsfyear] existing conditions {250 tons/year).

TN, TP, and TSS loads to the Manatee River were all estimated to be higher for future
conditions than for existing conditions, resulting primarily from larger nonpoint source
and atmospheric deposition loading. Point source loads were estimated to be lower
for the future conditions, a result of domestic point sources reusing effluent and
mdustrial point sources improving process water treatment capabilities. TN loading
was estimated to be about 500 tons/year for existing conditions, and 300 tons/year
for future conditions. TP loads were estimated to be about 150 tons/year for existing
conditions, and about 250 tons/year for future conditions. TSS loads exhibited
significant change, with existing loads of 7,400 tons/year and approximately 10,000
tons/year for future conditions, mainly from nonpoint source inputs.
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APPENDIX 15

SUMMARY OF REPORTED CHEMICAL SPILLS OF NITROGEN AND PHOSPHORUS
IN TAMPA BAY, 1985-199
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1.0 PROJECT OBJECTIVES

The purpose of this study was to estimate nitrogen and phosphorus loadings
originating from industrial chemical spills that may have affected the nutrient
balance of Tampa Bay during the period 1985 - 1991. This was accomplished by
obtaining and analyzing existing documentation in order to determine the guantity,
location, type and frequency of major chemical spills. The information reviewed
included data on spills of effluent, industrial products or by-products, and other
materials containing the pollutants of concern. The chemical characteristics,
volume, timing and location of the spills were determined based on the availability
of documented information. Various data sources including local, state and federal
agencies’ files, data bases, and staff, and local newspaper reports were reviewed
for relevant information.

The information obtained from this work will be used to supplement existing
estimates of nutrient loads for Tampa Bay, as detailed in the report "Current and
Benchmark Loadings of Total Nitrogen, Total Phosphorus, and Total Suspended
Solids 1o Tampa Bay, Florida” (Coastal Environmental, Inc. 1993, draft), The final
loading estimates will be used as input to the Southwest Florida Water
Management District SWIM box model, and data for the Tampa Bay National
Estuary Program statistical model. Both these modeling efforts will characterize
the response of water quality in Tampa Bay to changes in nutrient loadings.

Acknowledgement is due many groups who supplied information for this inventory,
especially the Environmental Protection Commission of Hillsborough County
{(EPCHC], the Southwaest District office of the Florida Department of Environmental
Protection (FDEP), the U.5. Coast Guard Marine Safety Office in Tampa (USCG-
MS0|, the St. Petersburg Times, and the Florida Institute of Phosphate Research.
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2.0 Methods

To obtain the most complete data on spills in Tampa Bay, a variety of information
sources were queried. This section describes the process that was completed to
obtain or review the data sources that were used to develop the inventory of spills,
and the data gaps and inconsistencies that were identified.

2.1. Project Approach

The purpose of this inventory was 10 summarize nitrogen and phosphorus inputs
from industrial chemical spills that may have affected the nutrient balance of
Tampa Bay segments, or the bay as a whole. Because of the large water volumes
of the bay segmeants, it was assumed that only large spill events would influence
ambient nutrient concentrations. The first step in the inventory process was to
review existing listings and inventories of spill events, and to identify all potentially
important spills above a certain threshold. A minimum eriterion of 20,000 gallons
of spilled material was used to identify potentially significant spills. A spill

volume of 20,000 gallons of 70-percent ammeonium nitrate, for example, contains
approximately 64,000 kilograms (kg), or abaut 70 tons, of nitrogen.

Once the largest and potentially most significant spills were identified, detailed
information was obtained from agency files {USCG, EPCHC, and FDEP], newspaper
reports, agency staff and other local experts to determine the spill material
compaosition and concentration, location and timing (gradual or catastrophic),
recelving water, recovery efforts, etc. This allowed a refinement of the estimated
volume/mass of material actually entering the bay. This was especially important
for spills occurring on land adjacent to the bay, and not in the open water,

Water quality data for Tampa Bay, collected monthly by EPCHC, was used as an
indicator of excessive amounts of nitrogen or phosphorus in the bay. Using
EPCHC water quality data and estimates of bay segment volumes, approximate
monthly nutrient masses in the bay were calculated. The nutrient masses were
calculated on a volume-weighted basis. Monthly EPCHC water quality
concentrations for total nitrogen (TN) and total phosphorus (TP) were averaged for
each bay segment, and multiplied by the average water volume of that bay
segment to yield a nutrient mass for each bay segment. The segments ware then
summed to give an estimate of bay-wide nutrient mass,

These time series were examined for unusual periods of elevated nitrogen or

phosphorus mass within the 1985 - 1991 time period. Figures 1 and 2 illustrate
the calculated mass of total nitrogen and total phosphorus in Tampa Bay. After
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the initial review of reported spills, the identified incidents were reviewed with
respect to the time series of nutrient mass, Time periods showing large increases
in mass, without concurrent sudden inputs were further examined for possible
caused for the rapid temporary increases in nutrient mass within the bay.

2.2, Data Sources and Infoarmation Obtained

Documentation of spills were obtained from various sources. Some sources wera
used for an overall review of incidents, and some data sources were examined in
detail for specific information regarding individual events. Electronic data bases,
paper files, and local individuals were all used as sources of information for this
work. The agencies and organizations discussed below include the majority of
those contacted, and all of the sources that had useful information,

.5, Coast Guard

Information was obtained through the United States Coast Guard (USCG) - Marine
Safery Office (MSO) in Tampa. Various data bases are maintained by this branch,
as they are the prime contact and lead for incidents occurring on or near Tampa
Bay. Their data base includes information on spills (all materials), incident date,
location, USCG case number, waterbody affected, source of spill, quantity,
cleanup responsibility and category of incident {e.g.: major or minor spill, etc.).

Printouts obtained through MSO included The Investigation Activity Status at Port,
Thae Marine Poliution Port Log, and The Marine Casualty Port Log. These reports
include information on spills, groundings, casualties, boat collisions, fires, and
sinkings. The comprehensive printout listing all incidents logged at Tampa MS0
over the past ten years included over 4,000 cases. However, this listing did not
contain detailed information on all cases (eq. guantity or location). A more
complete USCG compilation of information from spill incidents on Tampa Bay was
available from USCG MSO0 Headqguarters in Washington, D.C. Coastal requested
this data base, but received it from a local source (see below). This more detailed
USCG data base mc:ludad files from the documents Pollution Substances Spilled
and the Peliution | rts. Information provided included case number,

spill material, potential amount of spill (container size), amount spilled on land and
in water, location and receiving water, and amount recovered.

5t. Petersburg Times
On October 11, 1993, the St. Perersburg Times published a report entitled "Danger

on the Bay®. This article was the product of research conducted by Mr. Bob Port,
Mr. Chuck Murphy and Ms. Alicia Calwell, and was based upon a summary of
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USCG MS0 Headquarters (Washington, D.C.) data base records, as well as other
information sources. The article provided a chronology of major incidents on
Tampa Bay since 1970, including ship collisions, gas releases, petroleum spills and
other hazardous material incidents. Discussions with the article authors and a
review of the database used for the research yielded much good information.

The USCG data base that the St Petersburg Times had used in its research was a
more detailed version of the above referenced data bases that were available from
the local MS0. Coastal had requested this data base from the MSO headquarters in
Washington, D.C. through the Freedom of Information Act. Howewver, it was
anticipated that obtaining these data would take several weeks, if not months. In
an attempt to expedite obtaining the USCG data base, Coastal requested and
received a copy of this data base as the St. Petersburg Times had received it.

Records from the data base were sorted by Coastal to identify spills of nitrogen or
phosphorus over 20,000 gallons that occurred only within and adjacent to Tampa
Bay. Because the quantity of spilled material was reported in various ways (e.q.:
gallons, barrels, pounds, tons, etc.), conversions were made to isolate those
incidents over 20,000 gallons. From this information, ten (10) cases were
identified to be potentially significant. Case records of these incidents were
requested and obtained from MS0-Tampa. After review of the case specifics,
seven cases were deleted due to material, type of incident or location. The case
specifics were then requested and received from MSO-Tampa.

Florida Department of Environmental Pratection (FDEP)

The Southwest District of FDEP was contacted for information on spills. Files of
spill events are documented in the Domestic Wastewater, Industrial Wastewater,
Hazardous Material Section, and Enforcement Division, depending on the nature of
the spill. Chronological accounts of spill events are available for review. However,
only written records exist, and must be manually searched 1o determing spill
material, quantity and location. FDEP log books and files are recorded by facility
and chronologically back to the mid 1980's. The reports have location of spills,
material (if known), correspondence, legal proceedings and referrals 1o other
agencies. These files were examined for detailed information on specific incidents
that were identified by searching computerized data bases.

Environmental Protection Commission of Hillsharough County
EPCHC samples numerous sites both in the bay and its tributaries for water guality

an a monthly basis., The data obtained are summarized in a bi-annual report.
Water quality data is reported in these documents, as is a description of possible
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causes for identified trends in parameter concentrations. General descriptions of
nutrient concentration trends in Hillsborough Bay and Delaney Creek, and
discussions with EPCHC staff led to a further investigation of EPCHC files. This
agency’s enforcement section investigates reported incidents, and documents
water quality and other environmental viclations. Detailed information about
several documented major spills in Hillsborough County were obtained from a
review of these data.

Flarida Marine Fatrol

Mr. Chris Rosbock of the Florida Marine Patrol reported that they respond to
petroleum, ammonia and chlarine spills. All incidents that they investigate are
documented by FDEP or USCG.

Hillsbarough County and City of Tampa Fire Departments

Inquires to the Hillsborough County and City of Tampa Fire Department Hazardous
Material Response Teams confirmed that the best record of spill information would
be obtained through the USCG and FDEP. The Hazardous Material Response Team
has computer records for the last two years, but the data cannot be sorted by spill
material,

FDEP Office of Coastal Protection

Ms. Debra Preble of the Office of Coastal Protection {OCP) (Tallahassee) said they
have individual case files, but no data base. These case files would have to be
individually sorted by jurisdiction and then further reviewed to identify those
involved with nitrogen or phosphaorus. Because of the statewide focus of this data
source and the abundance of locally-available material, no attempt was made to

review the OPC files.

FDEP Hazardous Material Management Division

Mr. Jerry Weinrich of the FDEP Hazardous Material Management Division in
Tallahassee maintains a database that can be searched by water body. Information
regarding Tampa Bay and the tributaries was requested, received and reviewed.
Twenty incidents were reported, however, very little supporting information was
provided. All the reported incidents were also documented in the USCG data base
that was received by Coastal.
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Florida Departmeant of Community Affairs

Ms. Eve Rainey of the Department of Community Affairs (DCA) in Tallahassee
stated that they have a daily record of events, however these are not sorted by
jurisdiction. The entire state-wide data base would have to be reviewed,
invastigating each event separately to determine contents, quantity and location of
spill. A computerized record of hazardous material spills for the last two years
does exist, but is not indexed by location. Again, because of the locally available
information, these data were not reviewed,
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3.0 Results

The purpose of this study was to estimate nitrogen and phosphorus loadings
originating from industrial chemical spills that may have affected the nutrient
balance of Tampa Bay during the period 1985 - 1991. The chemicals of interest
for this analysis include nitrogen and phosphorus containing compounds. Materials
of this composition for which spills were reported include ammonium nitrate [AN)
and phosphaoric acid. All spill incidents of relevant material and significant volume
were attributed to industrial sources. No domestic waste spills of sufficient
magnitude and concentration were documentad. Table 1 presents the results of
the inventary investigation. These incidents include all reported spills with a
volume of 20,000 gallons or greater, of material with significant nitrogen or
phosphorus content, that occurred in or adjacent to Tampa Bay during the period
1985 - 1991.

To calculate the reparted nutrient load to the bay resulting from these spills, it was
necessary 1o convert the spill valume to pounds of nitregen and phosphorus. This
was done by determining the percent of nitrogen and phosphorus in each spill
material, and converting the resultant amount to a weight. First, the chemical
composition of ammonium nitrate (NH,NO,) and phosphoric acid (H,PO,) was
determined. The molecular weight of each element in the material was used to
calculate the % weight of nitrogen and phosphorus for each compound (Table 2).

According 1o staff at the Florida Institute of Phosphate Research, the normal
commercial strength, or concentration, of phosphorus in phosphoric acid is 54-
percent. The commercial strength of AN in the 1985 and 1987 spills was reported
in agency files as 83-percent and 70-percent, respectively. The specific gravity of
phosphoric acid and ammonium nitrate is 1.75 and 1.2, respectively. Using these
data, the net release of nitrogen and phosphorus, as reported in agency records.,
was computed. The weaight of nitrogen and phosphorus in the spills was
determined by the following calculation:

(V] x (WTool x (8G) x (WTJ x (T kg/2.2 16) = kg Nor P

where: V = volume of discharged material (gallons)
WT .. = weight of water (8.342 lb/gallon)
SG = specific gravity of materiaf

WT., = amount of N or P in material ("strength™ x %
mofecular weight)
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TABLE 1

REPORTED AND POTENTIAL MAJOR SPILLS OF NITROGEN AND PHOSPHORUS
CONTAINING COMPOUNDS IN TAMPA BAY - 1985 THROUGH 1991

REFORTED | REPORTED REFORTED NET
SPILL RECOVERED) RELEASE
RECEIVING VOLUME VOLUME
DATE | WATER |MATERIAL| (Gal) (Gal) Gal | kgNorP
9/6/85 |Hillshorough Ammnniumi Unreported | Unreported . -
Bay NMitrate
{7%)
1/15/87| Hillsborough| Ammonium| 100,000 100,00 0 0
Bay Mitrate
‘ (83%)
2/23/87|Hillsborough| Ammonium| 700,000 | 695,000 | 5,000 | 5,574 N
Bay Mitrate
[70%
§/2/88 | Hillsborough| Phosphoric| 40,000 0 40,000| 45,271 P
Bay Acid
(549%)
5/16/89|Hillsborough | Phosphoric| 168,383 B6,B40 [111,549 126,248 P
Bay Acid
(54%)
—_— e

TABLE 2

PERCENT WEIGHT BY CHEMICAL

Chemical Nitrogen Phosphorus

Ammonium nitrate

|| Phosphoric acid
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4.0 Discussion

Several trends were noted in EPCHC Tampa Bay water quality data for TN and TP.
Water quality concentrations and nutrient masses were examined on a bay-wide
basis, as well as for Hillsborough Bay and Middle Tampa Bay. Time series of
concentration and mass were developed to compare normal seasonal and inter-
annual variability with extreme changes which could indicate a sudden input of
anthropomaorphic origin, such as a chemical spill.

4.1, Nitrogen Loadings

With two exceptions, the mass of nitrogen in Tampa Bay during the study period
(1985 - 1991) generally remained within a range of a factor of less than two, from
1.25 to 2.25 million kilograms (kgl (1375 to 2475 tons). However, two peaks of
TN are apparent from Figure 1. The first began in September 1985, and peaks in
November, reached approximatety 4.0 million kg {4400 tons). The second began
in February, 1987, and reaches a peak of approximately 4.5 million kg (4950 tons)
in May.

Based on information received from the sources discussed above, there were spills
of nitrogen-rich material (with varying degrees of documentation) in the general
time frame of both these anomalies. These incidents occurred at the Nitram, Inc.
chemical plant adjacent to Delaney Creek, which is tributary to Hillsborough Bay.
Nitram, Inc. stores fertilizer components and products on-site, including ammaonium
nitrate (AN), typically at 50% or greater commercial strength. Two large
documented spills at Nitram, Inc. (January 15, 1987 and February 23, 1987)
involved B3% and 70% AN.

The EPCHC issued a Notice of Alleged Violation (NOAV] to Nitram, Inc. for an
alleged spill incident on September &, 19B5. This is the same period as the
beginning of the 1985 increase in TN mass. The volume or specific type of
material was not documented, but a fish kill in Delaney Creek was observed
[EFCHC, 198%). The mass of TN in Tampa Bay as a whole during the month after
this incident increased approximately 1.7 million kg (1870 tons). For the
referenced spill to account for this increase, over 530,000 gallons of 70% AN
would have had to be released to Delaney Creek. Although this is a very large
amount, the facility does have holding tanks with over a million gallons capacity.

The second major TN increase in Tampa Bay began in February, 1987, and peaked
in May. The increase in TN mass in the bay during this period was approximately
2.5 to 3.0 million kg {2750 to 3300 tons). Two large AN spills occurred at
Nitram, Inc. during this period. On January 15, 1987, about 100,000 gallons of
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B3% AN was reported spilled over the course of several hours from a split welded
geam on a holding tank. Nitram, Inc. reported that all of the product had been
retained on-site in earthen berms and holding ponds, and that there had been no
off-site discharge of product.

On February 23, 1987, a catastrophic failure of a holding tank with a 1.4 million
gallon capacity caused the release of 700,000 gallons of 73% AN onto the
ground, During the next few hours, containment dikes were constructed, but off-
site discharge was reported. Although the amount of recovered product was not
documented for some time, the USCG data base records that all but 5,000 gallons
of AN were retained on-site. The 5,000 gallons would account for only about
5,574 kg (6.1 tons) of nitrogen, which is insignificant with respect to the
observed TN increase during the following months. The total release of AN onto
the Nitram site from these two spills (800,000 gallons), equates to approximately
2.5 million kg (2750 tons) nitrogan. This amount is approximately equivalent to
the increase in bay-wide nitrogen during the two following months.

In an effort to further verify the reported Information, USCG staff were contacted.
The USCG data base is the only source to report a net volume of material released
for the February 23, 1987 spill. According to discussions with Petty Officer Tom
Partiss, USCG - Marine Safety Office in Tampa, the results reported in the case
files are from investigations by Coast Guard personnel. The reported volumes of
potential spill, actual spill and recovered volume are generated by the investigating
officer, not the responsible party. The volumes are estimated from daily record
logs, amount of material recovered by the cleanup firm and measuremeants of
remaining material.

Therefore, no documented information exists in data bases or files that were
reviewed that would verify that the released volumes of AN were significantly
greater than reported. However, no other large source of nitrogen was identified
as entering the bay during this time period. In addition, a review of EPCHC
monitoring sites from within Hillsharough Bay and Middle Tampa Bay clearly shows
a plume of elevated nitrogen concentrations between January and May of 1985
and February and May of 1985, The high concentrations are first noted in
Hillsborough Bay stations, and spread to Middle Tampa Bay sites during
subsequent months. These data very strongly suggest that some sudden massive
nitragen inputs from a point source in the vicinity of middle Hillsborough Bay did
occur during January 1985 and February 1987.

This is also evident in Figures 3 and 4. For Figure 3, TN concentrations for all
EPCHC water quality sampling sites in Hillsborough Bay were averaged, and
plotted with a similar time series for Middle Tampa Bay. A lag in the rise in TN
concentrations between Hillsborough Bay and Middle Tampa Bay Is clear in early
1987, which strongly suggests that TN increases in Middle Tampa Bay originated
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in Hillsborough Bay. However, this lag is not so marked for the rise in
concentration during mid to late 1985, but a small lag can be seen during the fall
of the concentrations in late 1985. Similar trends can be discerned in Figure 4,
which shows TN mass in Hillsborough Bay and Middle Tampa Bay.

Therefore, based on the potential for large amounts of nitrogen to have entered the
bay from the reported spills, the lack of certaln information about the volume of
these spills, the observed sharp rise in nitrogen mass in Tampa Bay immediately
following these spills, and the lag in concentration rise between Hillshoraugh Bay
and Middle Tampa Bay, it is strongly suspected that the three spills referenced in
Table 1 contributed more nitrogen to Tampa Bay than is firmly documented. It is
therefore recommended that potential nutrient loadings from these incidents be
used as input to supplement estimates of nitrogen loading to Tampa Bay. Based
on the size of the increases in nitrogen in the bay, the recommended increase in
total nitrogen loading from these spills for the respective months is shown in Table
3.

TABLE 3

ESTIMATED SPILL CONTRIBUTIONS
TO TOTAL NITROGEN LOADS TO TAMPA BAY

— ———=

H MONTH/YEAR

RECEIVING KILOGRAMS
WATER TOTAL
NITROGEN

TONS
TOTAL
NITROGEN

September 1985 | Hillsbarough 1,500,000
Bay
January 1987 Hillshorough 320,000 350
Bay

February 1987 Hillsborough 2,230,000 2450
l Bay
e — . —

4.2, Phosphorus Loadings

Figure 2 presents the time series of in-bay total phosphorus (TP) mass for the
period 1985 - 1991. This graph shows a broad intra-annual variability, with peaks
occurring on an annual basis during the summer months. During the study period,
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the total Tampa Bay phosphorus mass generally ranged from annual lows in the
range of 600,000 to 900,000 kg {660 to 990 tons) to annual highs of 1.1 t0 1.7
million kg (1210 to 1870 tons). The highest annual peaks occurred in 1987 and
1988, but these are not exceptionally higher than for preceding or following years.

This is also evident in Figures 5 and 6. For Figure 5, TP concentrations for all
EPCHC water quality sampling sites in Hillsborough Bay were averaged and the
time series was plotted with a similar plot for Middle Tampa Bay. A lag in the rise
in TP concentrations between Hillsborough Bay and Middle Tampa Bay is clear in
early 1987, which strongly suggests that increases in TP in Middle Tampa Bay
originated in Hillsborough Bay. This lag is also abvious during the rise in
concentration during early 1988, Similar trends can be discerned in Figure &, which
shows TP mass in Hillsborough Bay and Middle Tampa Bay.

The results of the spill inventory reveal two major phosphoric acid spills during the
1985 to 1991 period. These spills occurred at the Gardinier phosphate plant (now
Cargill), and at the GATX terminal, both on Hillsborough Bay. The first, on May 2,
1988, resulted in a net off-site discharge of approximately 40,000 gallons of
phosphoric acid (45,271 kg, or 50 tons, of phosphorus). The second, on May 15,
1989, discharged approximately 111,550 gallons of phosphoric acid (126,248 kg,
or 139 tons, of phosphorus). However, the highest annual peak observed occurred
during 1987. No spills of phosphoric material were documented for that time
frame. It should be noted, however, that all the annual peaks are within the same
general range, with no outstanding spikes, as shown on the nitrogen mass time
series. Based on these data, it is recommended that loading estimates of total
phosphorus loading to Tampa Bay be increased by the amounts shown in Table 4,
attributable 1o two spills.

TABLE 4

ESTIMATED SPILL CONTRIBUTIONS
TO TOTAL PHOSPHORUS LOADS TO TAMPA BAY

MONTH/YEAR RECEIVING KILOGRAMS TONS TOTAL
WATER TOTAL PHOSPHORUS

PHOSPHORUS

May 1988 Hillsborough Bay 143,335 158

May 1989 i Hillsharough Bay 399,721 440
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ATTACHMENT 1

Chronology of Spill Reports and Water Quality
Sampling at Nitram, Inc.






Chronology of Reported Spills and Water Quality Sampling Results
at Nitram, Inc. - 1985 through 1950
{Source: FDEP and EPCHC case files}

DATE COMMENT

7/3/84 Monitoring data from NPDES reports
of surface discharge records.

NH, = 13.2 mg/L

NO, = 107.2 mg/lL.

5/85 On-site monitor well samples show
through | ammaonia concentrations ranging from

1/88 1,142 to 16,000 mg/L and nitrate
concentrations averaging
approximately 2,000 mg/L.

Bf12/85 | Faulty truck value results in spill of 18
tons (3600 gallons) of 60% AN.

9/6/85 Unauthorized discharge at outfall
#001. Material and volume not
documented. EPCHC issues Notice of
Alleged Violation for observed fish kills
I in Delaney Creek.

2/6/86 Nitram reports spill with off-site
discharge. Mo volume or material
source is documented.

2/20/86 | Overflow of chill water tank results in
off-site discharge of undetermined
amount. Fish kill in Delaney Creek
reportad.

1/15/87 | Storage tank seam split - 100,000
gallons of 83% AN spilled. Nitram
raports all material contained on-site,




1/16/87 | The day after the spill, EPCHC
samples discharge at Nitram outfall
#003.

TN = 668.2 mg/L

NH, = 348.5 mg/L

MNO,,, = 347.9 mg/L

2/23/87 | Storage tank ruptured - 700,000
pallons of 70% AN spilled. Amount of
off-site release undetermined at the
time, later estimated at 5,000 gallons.

2/23/87 - | EPCHC samples water quality in
2/24/87 | Delaney Creek five hours after, one
day after, and three days after 2/23
spill (see data below],

37/7/87 - | FDER measures stormwater runoff
37/29/87 | discharging from Nitram property. TN
values range from 236 to 937 mg/L.
Groundwater is also sampled. Nitrate
concentrations in three on-site monitor
wells near storage facilities range from
110 to 16,000 ma/L.

EPCHC water quality monitoring data from Delaney Creek after 2/23/87 spill.

{mg/L)
Date Site TN MNH, NO, .5
2/23/87 MNitram west ditch 41,618 36,776 24,509
2123187 Delaney/54th St. 2,942 2,670 1,295
2/23/87 Delanay/U.5. 41 G4 145 39
2/23/87 Delaney/Richmaond 2.1 2.0 2.7
2/24/87 MNitram west ditch 30,228 41,839 17,341
2/24/87 Dalaney/54th 5t1. 85 B8O 49
2/24/87 Delaney/U.5. 41 142 201 93
2/24/87 Dealaney/Richmond 194 249 112
2/26/87 Delaney/54th St. 3.9 1.7 1.2

2/26/87 Delaney/U.5. 41 66 31 240



ATTACHMENT 2

U.S. Coast Guard Spill Data Base

Summary of PSST Records
MPCASE Records

The attached summarizes results of the various gueries performed on the USCG -
Office of Marine Protection database. The printouts include spill data on all Tampa
Bay cases, a query of the main database for spills over 20,000 gallons, a summary
page defining codes, and information on case particulars.



WELG Spill Data Base Tearch Title? PSST Records with wolumes »= 20,000 gallons 1

11:09 Monday, Wovember 29, 1993
P55T Aecords with PRIT records Raving soees HCASE code

RPCASE CHRIS CO UMITS RE TTYPE 50T _RPD SUPPLEME POTEMTIA OUTSPILL OUTCTYRE IWERILLE [MGETREC ukil OSC EFOT

— WPATOOTZ4S  AWE GALLDNS € 272371987 1 TOO0Ga 4] 0 TODDOD  AVRDOD TAMMS USCG 22351987
HPRTOOI0BL  MUS CALLONE ©  3/37/7v98r7 1 150000 wH000 [ 5000 0 TAMHS USCG 3/3971047

= WFBBOIETSY  PAL GALLOKE © 570271988 1 BOOGH L] o L0000 0 TAMME USCG 570271968
MeREDOST00 oD BARRELS P RF05s0983 ] 5400 ] 0 14530 0 TAMME USCO 970551958

— MPRPOONARY  PAC GALLONE C SMM4/1989 | JensLn 130208  S4840 gLt @ TAMMS USCG 57147 198%
HPESDOTWIE  SFA BARRELE C  S/2401989 1 2AB04L L3450 ] 1] 0 TAMMS USDD 572347 198%
HPERIOTIDF  SFA TMs-2 C By /19ed | 5000 ASS0000 &2TS i} 0 TAMME EFA 87271909
MPESOQATZE OO5 CALLOWS P /2001989 2 o L2000 41900 &) 0 TAMHS USCG 970041989
HPERI11124 = GALLOWE o 12/13rs190% 1 o s] 0 S00000  S00000 TAMMS USCG 12137 10E9
HFOTOOTELT  wee TOME-26 U 470851901 1 &} =] ] 20000 0 TARHS USChH &/08/1991

MPCASE  CITY STATE REGION MATER MCCASE RPOIT STATUE CLOT SPTIME LAT_DIR LATITUGE LOWS DOR
HPFRTOOY2ES TAMPA FL ocx FAEL YT T oo Yooy 1wz 1304 ] s 11 W
HPETOOP0ES CLEANWATER FL AIBT 3/30 /0587 o RS0 RHT 1590 H 2rsho W
HPEBOOZTST G ISDHTON FL ALIBT /047 IR0 ar B/05; 1908 =100 [ 2rs00 W
HPEBDOATO0 TAMFA FL & GIX /091988 ol 025 1988 A 2V Do w
HPEFOOTETTE TAHPA FL & AIBT 501677989 [=i] Tgaene 2204 & 2Tsha0 i}
HPEFDOTRZZ TAHPA L & R1ET SS2EF1R0R co ErE0,190% 0BGD = 2rasd T
HPEROOTIOP PALMENTO FL i LN [ Er A L (=il RA2BS10RY &0 L 2T3aE C
WPAVGORTES TAMPA FL & AT L R R [=1] Rr2ES 1007 a7oa W 27540 W
HERPOTT12L CRYSTAL AivViR  FL 4 GCa 12/ 147 108D W 1270441789  TBOD o FH5a0 u
HPFPI0035LY CLEARVATIE FL i GEX & s 1e Dl &0 264 199 ] TS50 o
HPCASE  LOWGITUD BEMPARTT WAL IKD CTF_IWD PED_MUM PRD_TYP CHOWM DT EPTIML MUMMDHCG HPTOBY SUSJECT

MPATOIDT2ES B22AD gaf X E 1300 1 IMDIVIDURL  CHEAICAL EFTLL
HPETOOZORA BZ42D BFF K L 1520 1 IMDIVIDURL AT WRSTE SPILL
HPBROOZTSR BEIS0 [ K L GrsD 1 COMH. SOURCE PHOSPHORIC ACID SPILL
HPEAGOASCO BT 00 MK X w el 1 RESF PRETY EXdco @. 503
HPEROOIATY BE26D EFE K K 2384 il EESF PARTT PHOS ACID SPILL/GATH
MPRAGGORGEE EFI4O EFF i E GA00 1 EESF FRETT SULFURIC ACID
HRERODTIOD  E2IS EPF X K 1445 3 LSCE HAJOR= SULTURIC ACID SPRLL
MRARODRIZA  A2MAD RPF ¥ E arig Z [ POTEMTIAL MEDILM OIL SPILL
RO iN112E  AZYAD RO i E 190 1 uaCn CRYSTAL RIWLR PIMER FLANT
mePI00dALT AJLE0 el i u 1319 IMDIVIOUAL  KED TIDE- CLERRUATER

KECALE MEC RECCATE o VIS WLMROWVE BRI _WILE  KUTHCETL  TUL_COST  FuUMDSE@r WM EG  EPAIT  BPSET]

MPETOOTIES M o i i ] a f 1 1 1
HPSTOORDRL M 0 i n o i n 1 i 1
HPSAROZLR Y 5558 1] 1 ] & H] ] 1 1 1
HPERDQATCO W ] i o [i] Hl il 1 1 i
HPEGOORAST ¥ TS i 1 f a o o 1] 1 1
HFRROORRZE BOL T i 1 i a o i} i 1 |
HPERROO0 ¥ 44TH o 1 [ L] 1] o i 1 i
MPARODRYZE 7 o 1 [&] 0 o ] 1 1 i
HPEROTNI12E ¥ ZZCT A 1 1] L] ] =] 1 1 ]
HPRIO0RLED W 1 0 =] a ] o f 1 1



11730403 10:14 9813 228 2360 USCG M5O TANPA el e IR0

MPEIR MARINE POLLUTION INCIDENT REPORT 30MOVD:

CASE NUMBER../ MPS700IRIGS PoRT/ TAMMS OSC AGENCY/ USCG EPA REGION..../
DATE CLOSED../ 0ZMARB7 VALIDATED(X)/ X CTF/ INV/ HUDKI NOTIFY../

SUBJECT, ks« - -/ (GUEMICALSRTLL
REPOR BY¥../ INDIVIDUAL  NAME/ JULIE GROSS TEL/ B13-985-7402
DATE ED/ 23FEB8Y - TIME REPORTED/ 1300 NRC NOTIFICATION? (Y/N)/ N

DATE QF:'SPILL/ 23FEB87 E TIME OF SPILL/ 1300 MNRC CASE REF/
EEFI II-B_EP-E;-I |-11|I||I - T : HEF-. EHHJEETII

~——THOIDENT LOCATTAN-——
BODY OF WATER/ GULE OF MEXTCO.COASTAL

R.Im HILE-# - |.|" - {DRJ j.iﬂ-:I-TUDE.' = = oW --,.Iil H 2?"55+ﬂ'
_ LOMGITUDE..../ W B2-26.0
chillllilllfm ETA.TE;;-..‘--‘;FL
CLEAN UP ACT.,/ CLEAN-UP PERF REMOVAL PARTY/ RESP PARTY
~=~=~FEDERAL COS8T INFORMATION---
PROJECT NUMBER. / PROJECT TYPE/
AUTH CEILING(G)/ FUNDS EXPENDED(S)/ TOT COST(S)/

-=-~GENERAL CASE DESCRIPTION---

~==SUPPLEMENTAL DETAILS REPORTED=--
TYPE NUMBER
VESSEL BOURCES...cssss40+({MPVS)
HON-VESSEL SOURCES. ......(MPHS) 1
CG UNIT RESPONSE REPORTS (MPRC) 1
HON=CG ERESPONSE REPORTS (MPRN) 1
TEET SUPPLEMEMNT. . covee=es (MPTS )

Lﬂhl'-ﬂb-'ll:l-'g



13730483 10:14  THE13 228 2399 USCG M50 TAMFA SR @002

MPNE MARINE POLLUTION NON-VESSEL SOURCE SUPPLEMENT 30NOVS

CASE/ MPB7001265 - '.L

; : ~=- NON-VESSEL SOURCE INVOLVED ---  VERIFICATION(V/K)/
SOURCE NAME. .../ NITRAM, INC. LOCAL SOURCE ID/ TAMMS4000
IDENTIFICATION./ 5321 HARTFORD STREET,®aMBA, FL. 33601

OWNERSHIF CLASS/ COMMERCIAL TYPE/ LAMD FACILITY,NON MAR USE/ PROD, MAM. Fh
OPERATION/ NO OPERATION IN PROGRESS

CAUSE...$ PRIMARY/ STRUCTURAL FAILURE EECONDARY,/ TANK RUPTURE, LEAK
CONTRIBUTING FACT/ NEC UNENOWN

=== POLLUTING SUBSTANCES AND QUANTITIES INVOLVED ===
CHEIS TOTAL === OQUT OF WATER === |  =—c=== IN WATER -===-
CODE POTENTIAL SPILLED RECOVERED SPILLED RECOVERED UNITS
ANR Anmopium=nitrato=salutian (greater than 45% end less th

700000 =S OAGEE0 w00 GALLONS



11430793 10:-14 THE1I 228 Zagd USCGE M50 TANPA Ja

i —

MBIR MARINE POLLUTION INCIDENT REPORT am

CASE NUMEER../ MPB80029SY9 PORT/ TAMMS OSC AGENCY/ USCG EPA REGION..../
DATE CLOSED../ OS5AUGE8 VALIDATED(X)/ X CTF/ INV/ TAMMS NOTIFY../

$U'EJECT....+-,|I" PHESAHAREG=fr2EPr=Cnay.[,

Rfﬂn BY../ COMM. SOURCE NAME/ RADIO TEL/
DATE ‘REPORTED/ O4MAYBH TIME HEPORTED/ 0730 MNRC NOTIFICATION? (Y/N)/ ¥
DATE: OF SPILL/ O2MAYRS U TIME OF SPILL/ 0001 NRC CASE REF/ 0565B
nﬂw CRER. v u ol T REF. SURJECT./

-'.
L il

~==~INCIDENT LOCATION---
BODY OF WATER/ TAMPA BAY -

RIVER MILE.../ . LK) LATITUDE...../ N 27-50.0
LONGITUDE..../ W B82-25.0
CIT T aassnasas / BIESEHNTAN: STATE.-cu-eces ! FL
CLEAN UP ACT./ DISSIPATED REMOVAL PARTY/ RESP PARTY
---PEDERAL EOST INFORMATION--- i
PROJECT NUMBER./ - "S- PROJECT TYPE/
AUTH CEILING(%)/ FUNDS EXPENDED{S)/ TOT COST(S)/

~===GENERAL CASE DESCRIPTION-=--==

—~——SUPPLEMENTAL DETAILS HREPORTED==-
TYPE MMBEER
VESSEL SOURCES. c ccasssess (MPVS)
NON-VESSEL SOURCES.......[(MPNS)
C3 UNIT RESPONSE REPORTS (MDRC)
NON-CG RESPONSE REPORTS (MPRN)
TEXT SUPPLEMENT....v... .« (MPTS)

thMHE
) b



11/30/83  10:17 o813 125 239 USCEC B50 TAMPA @0
MPNS MARINE POLLUTION NON-VESSEL SOURCE SUPPLEMENT 301

CASE/ MPBEOOZ753

: === NON-VESSEL SOURCE INVOL ---  VERIFICATION(Y,(!
SOURCE MAME. .../ GARDINIER, INC. LOCAL SQURCE ID/ TAMMS(
IDENTIFICATION./ P.0. BOX 3269, =TmvPp, FL. 33601 :
. QWNERSHIP CLASE/ COMMERCIAL TYPE/ DESG. WATERFRONT FAC USE/ PROCESSIM
OPERATION/ INDUSTRIAL: QR MFG PROCESS
CAUSE. ..: PRIMARY/ ENOWN CAUSE, NEC SECONDARY/ TANE OVERFLOW
CONTRIBUTING FACT/ IMP VALVE OFG UNENOWH

=== POLLUTING SUBSTANCES AND QUANTITIES INVOLVED ==~

CHREIS TOTAL ~—— QUT OF WATER -—— ———== IH HATER ~===a
CODE FPOTENTIAL ERILLED RECOVERED EPILLED RECOVERED NI
BPAC Fhosphor=iT=areiag

g0000 G000, 0 GALL:



11730483  10:18 THa11 228 2389 USCG M5S0 TAMPA @o1t

MPIR MARINE POLLUTION INCIDENT REFPORT 30HD

CASE NUMBER, ./ MPBE900S8fi88s PORT/ TAMMS OSC AGENCY/ USCG EPA REGION..../ 4
DATE CLOSED../ 19JUL89 VALIDATED(X)S X CTF/ INV,/ WAUGH NOTIFY../
£

SUBJECT....../ PHOS ACID SPILL/GATX

REPORTED BY,./ REBP PARTY NAME/ GATX-ELAINE MACINSKI TEL/ 813-248-214
DATE REPORTED,/ 16MAYBY TIME REPORTED/ 2324 NRC NOTIFICATION? (¥/N)/ ¥
DATE OF SPILL/ 16MAYSS K TIME OF SPILL/ 2200 NRC CASE REF/ 7522

i RRF, CREE...s/ REF. SUBJECT./

~~=TNCIDENT LOCATION-—-
' BODY OF WATER/ TAMPA BAY

RIVER MILE.../[ . (OR) LATITUDE..... S M 27-54.0
. LONGITUDE..../ W B2-26.0
CITY: e sensns./ CHHEN SBTATB..cv.-us/ FL
CLEAN UP ACT./ CLEAN-UP PERF REMOVAL PARTY/ RESP PARTY
=--FEDERAL COST INFORMATION=--
PROJECT NUMBER./ PROJECT TYPE/
‘ AUTH CEILING(S)/ FUNDS EXPENDED(S)/ TOT COST(S)/

LCOMEDAL CAaSE DEOORIPTION-=-

FHOSPAORTCSRCIDPREEASEDMI NTORTAMBARAAY . GATX TANK WITH THE CAPACITY OF
10, NN AARTS RUPTURED.

-=—SUPFPLEMENTAL DETAILS REPORTED---

KEY TYPE NUMBER
1 VESSEL SOURCES......- asss (MPVS)
2 HON=VESSEL SOURCES. ... ... (MPNS) 1
3 CG UNIT HESPONSE REPORTS (MPRC) 1
4 MON=CG RESPONSE EEPORTS (MPRN) 7
5 TEXT SUPPLEMENT..usss=s-«({MPTS}



11/30/83  10:18  TSB13 228 2389 USCG M5S0 TAMPA o

MENS MARINE POLLUTION NON-VESSEL SOURCE SUPPLEMENT 200
CASE/ MPE2008c0Ess

=== NON=VESSEL SOURCE INVOLVED -——  VERIFICATION(V/K

SOURCE MHAME..../ GATX TERMIMALS TIONS LOCAL BOURCE ID/ TAMMS1(

IDENTIFICATION. / RESULTRD Wnew wnx P 0%, ACLD wANK LANING FALLED AND EVENTUA]
LETERLIONATED THE TANE WALL,

OWNERSHIF CLASS/ COMMERCIAL ~*©  TYPE/ DESG. WATERFRONT FAC 065/ STORAGE FA
OPERATION/ NO QOFERATION IN. PROGRESS
OAUOMH. ..+ PRIMARY/ OTRUCTURAL PAILURH SESSUBLRT,/) TAUR RUPTUME, LM
CONTRYBUTING raCtT/ 1MF MAILNTENANCE MATEHLAL DEFECT
=== POLLUTING EUBSTANCES AND QUANTITIES INVOLVED ---
CHRIS TOTAL -== OUT OF WATER --- m=mm== IN WATER -=----
CODE  POTENTIAL EPILLED RECOVERED GPILLED  RECOVERED UNIT!
PAC
398440 131206 56840 ma.. _ 0 GALLO
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i R T — b —_—

b MSO TAMPA SPILL STATS AHBREVIATIONS SUBIEeT Lty
CATEGORY - ABRRZ <
mwvmugwﬂﬂ I A
} u‘:c-nmxum

M
LS

CR = CRYSBTAL RIVER
WIR = WITHLAGOOSHEE RIVER
TS = TARPOM ‘HEHRINGS AREA _
CLEH =~ CLEARWATER HARBOR/FPASS
— BCEN = BOCA CIEGA BAY NORTH
— BCBS = BOCA CIEGA BAY SOUTH
_- 5B = SARASOTA BAY
— VEN = VENICE AHEA
— CH = CHAROLETTE' HARBOR
e
— gl b AN G ¢ HAY
AT CALOSERMATGHRER RIVER
~ FMB « ‘PP, MYERE BEACH AREA
MI =« MAHOGO: X AREA
GMLE<12 = ML DM e
CME»12 = GOM » 12NM
- OMW = OTH NAVIGABLE WATERWAY

SOURGE

MY¥S = MYSTERY SPILL

T{B#= -TANK "BAHGE

F/UM '« COMMERGIAL FISHING VESSEL
P/C = PLEASURE CRAFT

M/V = U.S5. MOTOR VESSEL

FM/V = FOREIGN MOTOR VESSEL
OHS = OH SHORE FACILITY

ONP = ON SHORE PIPELINE
OFPF = OFF-SHOHRE PIPELINE
OTH = OTHER/MISC ITEMS

POUNDS
GALLONS
BARRELS

M@z
R R EE D

MILLIOM:
]

ITHIN EPA ; JURISDICTION

Ltk

L w1

PORT = PORT OF TAMPA
PS5 = PORT SUTTON

HBY = HILLSBOROUGH BAY
TBY = TAMPA BAY

OTBEY = OLD TAMPA BAY
WI = WEEDON ISLAND
BYBH = BAYBORD HARBOR
BB = BIG BEND

ETP = 5ET. PETERSBURG
PM = PORT MAMATEE

AR = ALAFIA RIVER

LMR = LITTLE MANATEE RIVER
MR = MANATEE RIVER
MP = MATLACHA PASS
I0W = INTRACOASTAL WATERWAY
MW = HON WATERWAY

€z S1atg CLERMNUP

L= reocsi o GEMNCY (Fj.-"-E v

——

THOUSANDG (i.e., 24KG = 24,000 GALLONS)
'.."'.E',l Eagﬂﬂ - E,QUU,UDH G-IHLWNE‘}

REEPGHEIBLE PARTY -CLEANUD .

= |
L]

MOMITOR C0SPS

= REGPONSIBLE DARTY cLEANUD f HOABT GUARD OPENS FUND TO RECOUP

C = COAST GUARD SUPERVISOR OF CLEANUP

H = HO CLEANUP

I.E.* N BCBN MYS 26 N ! V¥V PORT FM/V GEMINY 25C R

r NT-WINIA B MYE 158 ¢ 1

ViF INIE PR PSC LUCK LDY 20C €



