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SECTION 1 

INTRODUCTION 

1 .1 BACKGROUND 

The present water quality study of Whitaker Bayou, Sarasota Bay, 
and Lake Myakka (Figure 1-11 resulted from a series of events re- 
lating to the City of Sarasota's wastewater treatment facility 
discharge to Whitaker Bayou. During the process of satisfying 
Section 201 Construction Grant requirements, Sarasota County eval- 
uated various alternatives for disposing of treated effluent from 
the City of Sarasota's wastewater treatment plant. The surface 
discharge option identified in the Facilities Plan required 
advanced wastewater treatment (AWT) in accordance with the 
restrictions described in the Wilson-Grizzle Amendment, since re- 
vised. The recommended alternative for wastewater disposal in- 
volved implementing a land treatment project. Specific compo- 
nents would include upgrading and expanding the existing waste- 
water treatment facility with treated effluent conveyed to a pro- 
posed spray irrigation site east of the City. The wastewater 
applied to the land application site would result in intermittent 
discharge from underdrains to Howard Creek and ultimate discharge 
into Lake Myakka. 

During the construction grant review of the recommended plan for 
land application, the U.S. Environmental Protection Agency (EPA) 
indicated that the impacts upon water quality in Sarasota Bay 
from the present discharge had not been quantified. Therefore, 
EPA concluded that removing the entire wastewater load or any 
part of the wastewater load from Sarasota Bay could not be re- 
lated to water quality enhancement. This finding caused construc- 
tion grant funds for the land application system to be deferred 
until further studies were conducted and the impacts upon water 
quality in Whitaker Bayou and Sarasota Bay delineated. In order 
to properly assess impacts within the Bayou/~ay system and docu- 
ment predicted impacts upon Lake Myakka, a joint study was autho- 
rized by EPA. The present Florida Department of Environmental 
Regulation (FDER) study is a result of these (EPA) evaluations 
and is directed toward defining water quality impacts from the 
implementable wastewater discharge alternatives. 

1.2 PURPOSE 

This investigation has the following three primary purposes: 

A. Within Whitaker Bayou, define the discharge limits for 
oxygen demanding substances necessary to satisfy 
dissolved oxygen standards in Whi taker Bayou. 
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B. Define existing quality within the Lake Myakka system; 
determine nutrient loadings to the Lake and flushing 
rates within the lake system; develop allowable nutrient 
loadings to the lake which would cause no further deteri- 
oration and possibly enhancement of water quality; and 
determine loading limits for oxygen demanding sub- 
stances. 

C. Determine existing water quality in Sarasota Bay; esti- 
mate the present impact of the City of Sarasota waste- 
water discharge upon the Bay; and develop allowable 
point source loadings to the Bay for nutrients and ox- 
ygen demanding substances at various discharge loca- 
tions. 

1.3 SCOPE 

Within the context of the previous evaluations, specific project 
purposes, and the EPA/FDER/C~~~ agreements, the project purposes 
were divided into four principal components. These components 
consisted of: 

A. Project control documents (including quality 
assurance/quality control); 

B. Whitaker ~ayou/~arasota Bay field studies; 

C. Lake Myakka/tributaries field studies; and 

D. Level I and Level I1 evaluations. 

Each component has been completed. This document contains the 
results obtained from field data collection, special investiga- 
tions, non-point source load projections, evaluation frameworks, 
and assimilative capacities for Whitaker Bayou and Sarasota Bay. 
A companion document discusses the same elements pertaining to 
Lake Myakka. This presentation format provides separate documen- 
tation of assimilative capacities for the physically separate 
significant study elements. 

Specific information addresses field investigations conducted 
between August, 1981, and August, 1982, with continuous evalua- 
tions performed on these data. The modelling framework estab- 
lished for Whitaker Bayou and Sarasota Bay has been developed 
with calibration/verification based upon field data collected 
during the regularly scheduled events and the information ob- . 
tained from special investigations. Through calibrating/verify- 
ing the conservative parameter (total nitrogen and total phospho- 
rus) model, adequate description of the existing transport condi- 



tions within the Bayou and Bay was generated. Subsequent calibra- 
tion/verification for non-conservative parameters (biochemical ox- 
ygen demand and dissolved oxygen) was also obtained for the same 
data collection events. Through utilizing these calibrated/veri- 
fied models, assimilative capacities are defined for conservative 
and non-conservative parameters with present discharge locations 
and alternate discharge locations. The summary addresses the 
specific assimilative capacities obtained for the various para- 
meters along with the identified impacts upon water quality re- 
lated factors. 



SECTION 2 

LEVEL I FINDINGS 

Based upon the results obtained from the first four Sarasota Bay 
sampling events, data summaries and evaluations were presented in 
the report entitled "Level I Evaluation Report, Water Quality 
Study of Sarasota Bay, Whitaker Bayou and Lake Myakka," June, 
1982 (Ref. 1). Results displayed in that report indicated that 
water quality standards for dissolved oxygen and fecal coliform 
were violated within Whitaker Bayou, while no violations were ob- 
served within Sarasota Bay. Initial conditions were established 
for model evaluations and preliminary calibration/verification 
was obtained for Whitaker Bayou and Sarasota Bay. 

Within Whitaker Bayou, existing conditions commensurate with 
cool, dry periods (December, 1981 through April, 1982) were 
presented. In addition to the low dissolved oxygen concentra- 
tions resulting from upstream contributors, impacts from the City 
of Sarasota's wastewater treatment plant fluctuated widely with 
the water quality standard (5.0 mg/l) violated as temperatures 
became warmer during the spring months. Model calibration within 
the bayou was not totally obtained due to limited hydraulic infor- 
mation available describing the low flows and tidal influences. 
With the preliminary calibration/verification runs conducted, the 
results indicated that water quality standards could probably be 
satisfied within the Bayou through decreasing discharge concentra- 
tions. However, total satisfaction could more easily be obtained 
by relocating the discharge point into Sarasota Bay. 

Within Sarasota Bay water quality data indicated that concentra- 
tions were similar to' the boundary conditions established at the 
north end of the bay and the Gulf of Mexico/Sarasota Bay inter- 
faces. Dissolved oxygen concentrations were relatively constant 
and near saturation ( 7  to 9 mg/l) for all areas of the bay except 
within the ~ayou/~ay mixing zone. Bacterial counts for both 
total and fecal coliform were low to less than 100 to 1100 cells 
per 100 ml, total) for all sampling stations in the Bay. Based 
upon the modelling segmentation, physical conditions, and water 
chemistry data, satisfactory calibration/verification was ob- 
tained for conservative and non-conservative parameters through- 
out the Bay. The principal elements requiring additional informa- 
tion were associated with photosynthesis, respiration, and sedi- 
ment oxygen demands within the Bay. Particular concern was 
directed toward these impacts since data was only available for 
cool, dry weather periods. Furthermore, data collected during 
these first months were not sufficient to properly relate impacts 
from algal activities, water chemistry, grassbeds, nutrient re- 
lease, and general health. 



In order to properly identify the assimilative capacities of 
Whitaker Bayou and Sarasota Bay, the sampling programs and a data 
evaluations had to be continued. Within the originally defined 
data collection program, modifications were recommended and sub- 
sequently implemented to better quantify conditions throughout 
the Bay system. Principal emphasis was placed upon realigning 
water chemistry data collection at appropriate stations during 
the remaining sampling events to more properly characterize nutri- 
ent conditions and nutrient related impacts . e l  phytoplankton 
community growth, secchi disk depth versus incident light attenua- 
tion, and ~hlorophyll~~a'~ versus nutrient concentrations). 
Furthermore, data analyses and evaluations would be directed 
toward developing relationships between nutrient discharges and 
subsequent impacts within the water column. 

The other principal conclusion developed from the Level I evalua- 
tions was that the two-dimensional, steady state model utilized 
to simulate conditions during Level I was sufficient to identify 
impacts relative to water quality for conservative and non-con- 
servative parameters within Whitaker Bayou and Sarasota Bay. One 
principal reason for this conclusion was that the water quality 
characteristics observed during the initial data collection did 
not identify vertical stratification nor were extreme concentra- 
tion gradients or gradient reversals identified from the field 
data collection program. Therefore, the need to develop inf orma- 
tion required to quantify the existing system or to predict 
future impacts did not necessitate a three-dimensional modelling 
framework with time variable relationships. 



SECTION 3 

FIELD DATA COLLECTION EFFORTS 

3.1 General 

Sarasota Bay, unlike Tampa Bay to the north or Charlotte Harbor 
to the south, has never been the subject of intensive water qual- 
ity studies. Regular water quality samples have been collected, 
analyzed, and reported by the Sarasota County Pollution Control 
Laboratory, but limited evaluations have been performed. The 
Marine Science program from Sarasota High School has also 
collected water quality data for several years and a report on 
data trends is expected to be published in the near future. 
Other short terms studies have been performed by researchers at 
Mote Marine Laboratory and by students/faculty of the New College 
Environmental Studies Program. These specific studies have 
addressed seagrass bed ecology, tidal and submerged ecosystems, 
benthic invertebrate communities and various water pollution and 
marine ecology related subjects.Although these particular studies 
have dealt with specific objectives, none have evaluated the en- 
tire bay system nor has the bay' s capability to assimilate nutri- 
ent and oxygen demanding discharges been addressed. 

Without the benefit of a coordinated historical data base describ- 
ing inputs and interrelationships within the bay system, a sig- 
nificant portion of the present project's resources was allocated 
to describing the existing system. Included within this project 
data collection program were a variety of water quality character- 
istics, tributary flow and bay current data, meteorology specific 
to the study area, and additional information necessary to under- 
stand the existing bay system. These data would then be used to 
develop specific mathematical relationships describing the exist- 
ing system and be capable of defining the Bay's assimilative 
capacity for receiving loads from point and non-point sources. 
The following sub-sections summarize the efforts expended in 
collecting specific information relative to describing the Bay's 
condition. Detailed evaluations and analyses of this data base 
are presented in Section 5. 

3.2 Water Column Data 

In order to properly characterize the water quality conditions 
within Sarasota Bay and the tributary discharges to the Bay 
system, a total of nine sampling events were initially scheduled 
between August, 1981, and September, 1982. As the study effort 
progressed through the completion of the Level I evaluations, cer- 
tain sampling events had to be abbreviated and others eliminated 
based upon the findings from preliminary evaluations. The events 



utilized for characterizing water quality involved eight discrete 
sampling events with water quality data obtained at different 
depths over two tidal cycles for differing combinations of 
stations. The events conducted on August 28, 1981; December 1, 
1981; January 12, 1982; February 23, 1982; May 18, 1982; and 
August 11, 1982, involved obtaining samples at nineteen stations 
during one portion of the tidal cycle and a sub-set of these 
nineteen stations having samples collected during the alternate 
tidal condition. The additional two events included measurements 
at a limited number of stations during a single tidal condition. 
These events were conducted on April 13, 1982, and June 29, 1982, 
involving the following stations: 38, 49, 64, and 85. 

Water quality data obtained for each of the eight sampling events 
at the respective stations are completely identified in Appendix 
A. Figure 3-1 displays the water quality sampling station loca- 
tions utilized for identifying tributary and bay water quality. 
During the initial analysis of the water quality data obtained 
for the project, four distinct categories descriptive of water 
quality conditions were developed. The categories are: 1) 
immediate impact of Sarasota sewage treatment plant discharge; 2) 
initial impact from Whitaker Bayou discharge into Sarasota Bay; 
3) general bay characteristics; and 4 )  Gulf of Mexico/Sarasota 
Bay interchange. 

Figures 3-2 through 3-5 display the variation with time of 
several water quality parameters for each of the four distinct 
categories. Figure 3-2 identifies the total nitrogen (TN), total 
phosphorus (TP) , and chlorophyl1"a" (CHLA) values obtained at 
station 64 immediately downstream of the sewage plant discharge. 
Figure 3-3 presents the time variation in the same water quality 
parameters for station 63 within the mixing zone receiving 
Whitaker Bayou discharges. Values indicative of Sarasota Bay 
throughout the study effort are identified for the same para- 
meters on Figure 3-4. The values obtained for station 68 repre- 
sent the interchange between the Gulf and the Bay in New Pass and 
are identified on Figure 3-5. Further analyses and evaluation of 
the entire data set for all sampling events are contained in 
Section 5. 

3.3 ~ydrodynamic/~ydroloqic Data 

Within the open bay waters, current measurements were obtained on 
the same dates when water column samples were collected. In 
order to more accurately describe currents within the system, 
measurements were made at three to four hour intervals at sur- 
face, mid-depth, and bottom for each identified station. Cur- 
rents were measured at the passes on the north and south ends of 
Sarasota Bay during each sampling event, while locations within 
the bay were varied as data collection indicated necessary 
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changes in station locations. Through combining this information 
with the tributary flows and tide gauge readings, a three-dimen- 
sional model could be developed for Sarasota Bay. As indicated 
from the Level I evaluations, the necessity to expand the present 
evaluation to the more complex transport framework was not neces- 
sary. Therefore, these data are available for further circula- 
tion evaluations by others, but were used for this investigation 
to check estimates of tidal dispersion, tidal flushings rates, 
and net flow patterns. 

The other hydrodynamic measurements involved continuous tide 
stage recorders, current measurements obtained along 
cross-sections at the four major passes, and current measurements 
at cross-sections along the major freshwater inflow points to the 
Bay. The eleven locations selected for tide recorders are dis- 
played on Figure 3-6. During the period of continuous recording 
(January through August, 1982), only six stations remained in 
service throughout the period. The other six stations were in 
use through June, 1982, when an intense storm event destroyed 
those locations. However, within the continuous record, specific 
time periods have no data due to equipment malfunction. The data 
have been interpreted by USGS and are available on magnetic tape 
or computer listings for the entire period of record. 

The current measurements obtained at the cross-sections for the 
four major passes and the tributary freshwater inflows provided 
additional insight into net water movement into and out of the 
Bay system. However, due to the very low velocities in the 
tributary streams and the relatively large cross-sectional areas, 
the development of flow relationships for tributary streams was 
difficult. With more reliable results obtained at the higher 
flow values (representative of storm events and non-point source 
loads) , the limited accuracy of low flow values did not represent 
a problem in evaluating flow patterns. 

3.4 Meteoroloqic Data 

The Mote Marine Laboratory meteorological station was used to 
collect daily information on precipitation, solar radiation, 
cloud cover, ambient temperature, wind directiodmagnitude and 
barometric pressure throughout the study period. With the 
weather station located immediately adjacent to Sarasota Bay, an 
ideal situation was established for monitoring meteorological con- 
ditions which could influence water quality relationships or 
affect timing of scheduled sampling events. Data were recorded 
daily by laboratory personnel, reviewed by the staff meteorolo- 
gist, and compiled on a monthly basis. Necessary information re- 
quired for program evaluations have been extracted from the data 
record, with detailed continuous records available on request. 



3.5 Miscellaneous Data Collection 

Additional data collection efforts were performed to further iden- 
tify physical, biological, and chemical characteristics within 
the bay system. These studies included bathymetric surveys, sedi- 
ment sample collection in Whitaker Bayou and Sarasota Bay, phyto- 
plankton sampling at representative stations throughout the study 
period, dye studies in Phillippi Creek, photometer/secchi disk 
correlations, algal assays, and sediment oxygen demand studies. 
Results from each of these investigations are reported in Section 
5 along with the respective data and interpretations. The algal 
assay analyses were performed by the Florida Department of Envi- 
ronmental Regulation on samples collected during April and 
August, 1982. The Environmental Protection Agency Athens 
Laboratory performed in situ benthic oxygen demand studies 
during August, 1981, ~ebruary, 1982, and August, 1982. 



SECTION 4 

SPECIAL INVESTIGATIONS 

Various special studies were conducted throughout the project for 
the purpose of gaining information needed for simulating actual 
conditions or in order to develop relationships which were not 
completely defined by other data collection activities. Many 
activities were innovative due to the need to develop parameter 
relationships which often had not been explained before in the 
project area. The specific study results are summarized below. 

4.1 Benthic (Sediment) Oxygen Demand Studies 

Through requests from FDER, personnel from the Surveillance and 
~nalysis Division of the Environmental Protection Agency's 
Athens, Georgia Laboratory performed three situ benthic ox- 
ygen demand studies in Sarasota Bay and Whitaker Bayou. These 
studies were performed during August, 1981, February, 1982, and 
August, 1982. The purpose of these studies was to provide sedi- 
ment oxygen demand (SOD) estimates for inclusion in dissolved ox- 
ygen models. When Level I evaluations indicated that dissolved 
oxygen was probably not a problem except in Whitaker Bayou, the 
focus of the field measurement studies was shifted to 'Whitaker 
Bayou and the ~ayou/~ay mixing zone. 

The first study (August, 1981) included six bay stations and two 
bayou stations (Figure 4 , with two sites containing submerged 
macrophytes. Net Qrimary production estimates were also devel- 
oped for these same two sites through using clear domes along 
with the opaque domes used for the SOD work. 

During February, 1982, the EPA team returned to Sarasota Bay with 
the intention of defining temperature and/or dry season related 
differences in bottom demand rates. Within the Bay, five of the 
same stations were monitored (23, 44, 63, 70, 85), while the two 
bayou stations were again analyzed. During this study, net pri- 
mary production estimates were made at all locations except 
station 85. 

When the third study was conducted in August, 1982, the Project 
Team had already concluded that SOD was not a major factor in the 
Bay and that other methods would be used for developing net pri- 
mary production estimates. For these reasons, the August study 
monitored only three bay stations (23, 54, 6 3 1 ,  and the same two 
in Whitaker Bayou; primary production estimates were not ob- 
tained. Table 4-1 displays theomean benthic respiration values, 
temperature corrected to 20 C ,  for comparison purposes. 
Through obtaining this specific information and combining the 





results with the 2 situ water column data, a more thorough 
understanding of sediment/water column relationships was ob- 
tained. Section 8 presents the analyses and evaluations compat- 
ible with utilizing these relationships in the assimilative capac- 
ity analysis. 

TABLE 4-1 
SARASOTA BAY 

SEljIMENT OXYGEN DEMAND BATES 
(g02/m /hr, corrected to 20 C )  

Station 
23 

August, 1981 
0 - 0 8 4  

February, 1982 
0 .I12 

Auqust, 1982 
0.070 

(Ref. 2, 3, 4 )  

4.2 Phytoplankton Studies 

Phytoplankton samples were collected at each of the sixteen water 
quality stations in Sarasota Bay and Whitaker Bayou. Samples 
were analyzed for total cells per liter, number of species (rich- 
ness), and similarity as measured by Morisita's Similarity Index 
(this technique takes both the number of cominon species and the 
number of individuals in each specie into account). The follow- 
ing summary highlights the information contained in a data evalua- 
tion report produced by Dr. Ernest Estevez. 

Chlorophyl1"a" is a common indicator of phytoplankton density. 
However, chlorophyll measurements alone can mislead phytoplankton 
dynamics interpretation owing to the uneven distribution of the 
pigment among planktonic producers and considerable size differ- 
ence between cells. Using cell density as a "yardstick", the 
Bayou contained more phytoplankton than the Bay on three sampling 
occasions and fewer or equal cells (per unit volume) during three 
other events. The February sampling occurred during a period of 
low cell density while the event in May took place during a note- 
worthy algal bloom. 

Utilizing chlorophyl1"a" determinations, species richness data, 
and specie identifications, impacts on Sarasota Bay from the 
Whitaker Bayou discharge are not always detectable. The most 
significant impact was noted when flagelated species increased 
(December, 1981, and August, 1982 samplings). 



Using the number of a particular species to account for uncer- 
tainty in species richness trends illustrates the value of con- 
sidering the distribution of species identity and representation 
in multi-species assemblages. This concept is referred to as 
similarity and can be represented by a number of coefficients. 
Some coefficients consider only the number and rank of common 
species and not the distribution of individuals. The ~Morisita 
index considers both the number of species in common and the 
number of shared individuals through the following relationship: 

where al = zSi = 1 nli(nli-ll, 
N1 (N1-1 1 

and 
S 

32 = E i = 1 n2i(n2i-1. 
-1 

N,(N, 1 

Where N1 and N2 are the total number of individuals in 
sarnples one and two, respectively. The number of individuals in 
the i'th species of samples one and two are given as nli and 

respectively. The value of C nears 1.0 when two species 
~ Z Q '  identical and nears zero when no species are common to both. 
The index is relatively free from sample size effects. 

The index can be computed for all pairwise comparisons between 
stations in a single collection period, resulting in a trellis 
diagram (Figure 4-2 1 with the major diagonal containing identity 
elements. Results for each period are summarized below. 

August, 1981 Station 66 in the bayou had very low similarity. 
Station 64 was transitional with low similar- 
ity. Stations near the mouth of the bayou were 
largely the same as bay stations, which had very 
high similarity. 

December, 1981 Station 65 had very low similarity to other 
stations. Stations 64 and 63 had high to very 
high similarities. Stations 54 and 61 had 
mildly lower similarities but were very highly 
similar to one another. Station 38 was notably 
different from other stations but not much like 
54 or 61. 
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January, 1981 Station 68 in New Pass had very low similarity 
to other stations. Stations 38 and 59 had un- 
iformly low similarities. Other stations had 
very high similarity. 

February, 1982 Station similarity was notably high. Station 68 
in New Pass had numerous low similarities 
followed by 51 and 56. Bayou stations were 
typical of overall conditions. 

May, 1982 Bayou stations 64 and 65 had very low similarity 
to all other stations and the comparison of 65 
and 73 also produced very low similarity. 
Station 73 had mildly lower similarities and 
station 75 showed very high similarity to other 
stations. 

Auqust, 1982 Station 65 in the bayou was distinctive by 
having low to very low similarities with weak 
affinities to 64, 68, 85 and 99. Stations 38 
and 49 were mildly dissimilar. Most comparisons 
showed very highly similarities. 

Overall, similarity comparisons produced a pattern with generally 
unique phytoplankton assemblages in the bayou; transitional 
assemblages in the bay near the bayou; very homogeneous . assem- 
blages in open bay waters; and occasional differences in passes 
due probably to tidal effects. 

In order to confirm the viability of relating nutrient loads to 
chlorophyl1"a" concentrations in the Bay, the phytoplankton data 
were reviewed with respect to dominance. Through analyzing the 
specie identifications obtained from stations 49, 38, 63, and 73 
during January, May, and August, 1982, a good comparison between 
drastically different temperature and flow conditions could be 
obtained. This analysis indicated that the phytoplankton communi- 
ties were basically dominated by diatoms with regular contribu- 
tion of flagellates. Replacement of diatoms was noted through 
time but there was no involvement of other phytoplankton groups 
which would be responsible for significant anomalies of chloro- 
phyllWa" concentrations. Therefore, the development of nitrogen 
and phosphorus to chlorophyl1"a" relationships would be feasible. 

4.3 Liqht AttenuatiodSecchi Disk Relationships 

During Level I evaluations, a preliminary conclusion was reached 
that directly relating sewage discharges to the reported ecologi- 
cal disturbance in Sarasota Bay (loss of seagrass beds, reduced 
water clarity) would be extremely difficult. The Project Team 



members developed alternative hypotheses describing secondary 
relationships which might be responsible for both seagrass bed 
decline and reduced light. The preliminary hypothesis was that 
the long term effect of incremental nutrient increases (resulting 
from both point and non-point sources) would increase phyto- 
plankton growth, decrease light penetration, and cause concomi- 
tant loss of seagrasses due to light limitations at previously 
viable depths. 

For this reason, the sampling event procedure was modified to in- 
clude secchi disk depth measurements at each water quality 
sampling station. Additional effort was expended to develop Bay 
specific relationships between light attenuation and secchi disk 
depth. The result was a small but significant data base from 
which predictions of future light levels could be developed. The 
specific relationships and correlation techniques are presented 
in Section 8. 

Light level variations with depth were calibrated with secchi 
disk depths by making concurrent measurements of penetrant light 
using a marine photometer. Observations werg made on June 8, 
1982, during an ebbing tide at five stations (Figure 4-31. 
Stations A and B were in the Gulf of Mexico, station C was in New 
Pass, D was at mid-bay, and E was located at the entrance to 
Whitaker Bayou. At each station, ten successive cycles of light 
measureinents were made in air (surface) and at depths increasing 
by increments of 0.5 or 1.0 meters. Penetrant light was also 
measured at the secchi disk depth recorded at each station. 
Results obtained from each station are plotted on Figure 4-4 with 
each point representing the mean of ten observations. 

The attenuation of light differed between stations with a 
gradient established from station A to E with best transparency 
and best light penetration at station A. Stations C,D, and E are 
distinctly different from A and B, indicating differences due 
probably to tide and to water mass. Despite these differences, 
the percent of incident light measured at respective secchi disk 
depths for each station varies between 25 and 30 percent. The 
cumulative mean secchi disk depth's equivalent to 27.6 percent of 
incident light with a standard deviation of 2.7 percent. In 
other words, secchi disk depth measurements are a calibration 
technique useful throughout the Sarasota Bay area and are con- 
sistently indicative of a narrow range of penetrant light. 

4.4 Sediment Coprostanol 

Coprostanol is a stable by-product of the final digestion stages 
in mammals and as such shows up in sewage effluent, usually 
associated with particulate matter. Based upon other studies, 
the hypothesis was proposed that examination of sediment from the 
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Bayou and the Bay would indicate the path of sewage effluent 
through Sarasota Bay. 

Sediment samples were collected prior to the dredging of Whitaker 
Bayou (August, 1981) and frozen until analyzed. Early sampling 
was conducted to eliminate the possibility of contaminating 
samples with Whitaker Bayou sediment which would be disturbed and 
redistributed during dredging operations. Sediment samples were 
analyzed in two time-phased groups. Based upon the fairly dis- 
tinct distribution pattern oE coprostanol concentrations obtained 
for the first sample group, a second sample group was identified 
to better define the apparent sewage effluent path. As indicated 
on Figure 4-5, the concentrations showed no extensive path. How- 
ever, the concentration contour " fingers" point primarily to the 
north along the eastern shore of Sarasota Bay. The other area of 
high concentration to the south is probably as much influenced by 
urban runoff and occasional sewage collection system overflows as 
by the treatment plant eEfluent. 

The lack of a more lengthy plume is possibly caused by the 
settling out of most particulate matter before completely tra- 
versing the Bay. Occasional high spots are also present at 
various locations likely to be influenced by urban runoff, septic 
tank overflow, or other sources of human pollution. 

4.5 Algal Assays 

During project development, specific information describing 
nutrient limitations and algal growth potential were identified 
as necessary data required to enable the Project Team to under- 
stand the system and predict future impacts. In order to develop 
these data, algal assays were to be performed by FDER during the 
study. The water samples were to be collected by Project Team 
personnel and shipped to the FDER Tallahassee Biology Laboratory 
for analysis using the standard monoculture assay techniques 
approved by the Environmental Protection Agency. 

Initial water samples collected in February, 1982, were unprocess- 
able. A second set of water samples was transmitted to FDER in 
April, 1982, with results made availsble in early July (Ref. 5 ) .  
After the results were evaluated another request was made to 
repeat the analyses during the August, 1982, sampling event. 

The results from April were somewhat surprising with phosphorus 
identified as the primary limiting nutrient at three Bay sites, 
even though nitrogen appeared to be the limiting nutrient based 
upon water chemistry results (nitrogen:phosphorus ratios). 
Nitrogen was also identified as a secondary growth limiting con- 
stituent at these same stations; possibly indicating that both 
nutrients existed in the Bay below optimal growth concentrations. 
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The fourth sample station in Whitaker Bayou indicated nitrogen 
limitation based on both assay and chemistry results. This 
fourth station had an algal growth potential almost two orders of 
magnitude (approximately 100 times) greater than the other three 
stations. Figure 4-6 shows the results from one of the three bay 
stations while Figure 4-7 displays the results from station 65 in 
Whitaker Bayou. 

The results from the August, 1982, algal assays were released in 
early October (Ref. 6) . Results from one open water bay station 
( 4 9 )  again indicated that phosphorous was the limiting nutrient; 
station (68) appeared to be colimited by phosphorous and 
nitrogen; while the station in Whitaker Bayou (65) and the 
station immediately outside the Bayou mouth (63) showed higher 
ambient nutrient concentrations with nitrogen definitely limiting 
algal growth. One other open water Bay station (73) had results 
which indicated that nitrogen was the primary limiting nutrient 
and phosphorous was secondarily limiting. Once again, the algal 
growth potential was much higher for the two effluent influenced 
stations (65 and 63) than for the open water stations. 

While not all the assay results were surprising, the Project Team 
had expected bay samples to indicate nitrogen limitations owing 
to the natural phosphorous enrichment of ambient waters through- 
out southwest Florida. However, upon reviewing the results which 
suggested colimitation and secondary limitations, project team 
members concluded that general nutrient levels (excluding the 
Bayou) were lower than would be required for uncontrolled algal 
growth associated with nutrient pollutants. Specifically, a very 
large portion of available nutrients reaching the Bay were 
rapidly being incorporated in algal tissue and subsequently 
associated with organic carbon. This preliminary conclusion com- 
plicates the evaluations relative to defining impacts from in- 
creased nutrient concentrations. 

4.6 Phillippi Creek Dye Study 

Dye studies were conducted near the mouth of Phillippi Creek in 
order to assess the extent and pathways of creek discharge into 
Sarasota Bay. The study took place in two parts; the flood tide 
dye release was on January 27, 1982, while the ebb tide release 
was performed on April 19, 1982. These study results were neces- 
sary to determine if the heavily polluted Creek was a major con- 
tributor to the suspected pollution problem in Sarasota Bay. 

Data collected from the flood tide dye release indicated 
southerly moving currents at the mouth of Phillippi Creek with no 
substantial movement into the creek itself. Data collected from 
the ebb tide release indicated that the discharge moved out of 
Phillippi Creek into the intracoastal waterway, then flowed 
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n o r t h e r l y  i n t o  ~ o b e r t ' s  Bay, and i n t e r s e c t e d  t h e  f l o w  f rom Big  
P a s s .  

The s t u d i e s  c o n c l u d e d  t h a t  d u r i n g  e b b  c o n d i t i o n s  P h i l l i p p i  Creek  
water f l o w s  n o r t h  i n t o  R o b e r t s  Bay, t oward  S a r a s o t a  Bay, and 
d u r i n g  a f l o o d  t i d e  n e t  movement is s o u t h w a r d  toward  S t i c k n e y  
P o i n t ,  away f rom S a r a s o t a  Bay. Due t o  t h e  i n t e r s e c t i o n  w i t h  and  
mix ing  between waters l e a v i n g  t h e  Bay s y s t e m s  t h r o u g h  Big  P a s s ,  
any '  i m p a c t  upon S a r a s o t a  Bay would b e  min ima l .  T h e r e f o r e ,  t h e  
P r o j e c t  Team c o n c l u d e d  t h a t  P h i l l i p p i  C r e e k  would n o t  d i r e c t l y  i m -  
p a c t  S a r a s o t a  Bay. 



SECTION 5 

WATER QUALITY DATA RESULTS 

previous sections identified Level I evaluations, field data 
collection programs, and special investigations. Highlighted 
within this section are the results of these sampling programs 
with specific ranges and trends identified. Presentation of 
these results will establish the basis necessary for developing 
the evaluation frameworks presented in Section 8. Particular 
emphasis has been placed upon those parameters primarily asso- 
ciated with determining nutrient limitations within the Bay and 
oxygen demanding substances released from point and non-point 
source. 

5.1 Nitroqen Series 

As indicated from data displayed in Appendix A, total nitrogen 
concentrations were always highest in Whitaker Bayou upstream and 
downstream froin the sewage plant discharge. Within these 
reaches, concentrations were often between three and five mg/l ex- 
pressed as nitrogen. After discharging into the Bay, the concen- 
trations usually decreased to below one mg/l except at station 
63. This station appears to be within the mixing zone of the 
Bayou discharge and during several surveys, this station has at 
least one data point (of four collected) which is much higher 
than the other three, suggesting stratified water masses reacting 
to tidal influences. 

The second pattern identified from the total nitrogen concentra- 
tions is elevated levels east of the Intracoastal Waterway within 
a plume apparently emanating from Whitaker Bayou and extending 
toward the north end of the Bay. Concentration differences often 
less than 0.2 mg/l make the plume's boundaries somewhat nebulous, 
but this trend is usually detectable for both nitrogen and phos- 
phorus. Other elevated concentrations appear near the Bowlees 
Creek discharge and the Siesta Key bridge pass. The values near 
Siesta Key are probably related to the Phillippi Creek discharge 
to the south. Background levels are usually considered to be the 
concentration values from the two southern Gulf passes - New Pass 
and Big Sarasota Pass and range from 0.31 to 0.45 mg/l as N. 

Moving chronologically through the sanpling events, ambient total 
nitrogen levels appear to increase in response to two factors: 

1) Background (Gulf of Mexico) ambient levels increase and 
decrease without definite cause. 



2) ~uring wet seasons, Bay concentrations increase and are 
probably related to stormwater runoff and other non-point 
source effects . 

The significance of these effects are evident when data is dis- 
played for the entire bay system froin samplings conducted during 
dry season and wet season conditions. The sampling event in 
February, 1982, occurred during dry conditions, and the August, 
1982, event occurred during a relatively wet season. The results 
obtained for total nitrogen at each station are displayed on 
Figures 5-1 and 5-2, respectively. As indicated by the values, 
the background levels at both New Pass and Big Sarasota Pass were 
similar for both sampling events. However, the concentrations 
identified for the stations within the Bay are higher for almost 
every station. These results were obtained when the treatment 
plant discharge into Whitaker Bayou contained less total pounds 
of nitrogen than for the same discharge during the month of 
January. These factors relating increased total nitrogen concen- 
trations within the Bay system during wet conditions become more 
significant during the evaluation presentation in Section 8 
relative to the critical nature of Bay water quality evaluations. 

Further insight on the nitrogen data can be gained through examin- 
ing the chemical species breakdown. Table 5-1 displays the 
speciations for selected representative stations from February, 
1982, and August, 1982, events, including the percen-t of total 
nitrogen attributed to each parameter. In almost all instances, 
except in Whitaker Bayou, approximately 90 percent of the total 
nitrogen is incorporated in algal biomass or associated with 
organic carbon and reported as total organic nitrogen. The 
oxidized nitrogen forms are at or below detection limits except 
in Whitaker Bayou. The same condition generally holds true for 
ammonia, the other available source of plant nitrogen. Total in- 
organic nitrogen, the sum of the oxidized forms plus ammonia, 
shows a modest decrease to detection limits as the ambient bay 
water temperature increases. This suggests that as temperature 
increases, algal growth scavenges most of the available nitrogen. 

5.2 Phosphorous Results 

Both total and ortho-phosphorous fractions were measured at each 
station .during the study. The values displayed on Figures 5-3 
and 5-4 represent total phosphorus concentrations observed during 
January and August, 1982. Concentration distribution patterns 
within the Bay are very similar between sampling events with 
occasional plumes of higher levels extending from Whitaker Bayou 
towards the north Bay. Both total and ortho-phosphorous levels 
were very low, often near detection limits, except in Whitaker 
Bayou and some nearby stations (61, 63, and 7 5 ) .  Background 
levels of total phosphorous at the ~ulf/Bay interfaces varied 
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TABLE 5-1  
NITROGEN SERIES SPECIATION 

( a v e r a g e  v a l u e s  1 

F e b r u a r y ,  1 9 8 2  A u q u s t ,  1 9 8 2  

S t a t i o n  6 8  49 6 4  6 8  49  6 4  

N i t r i t e  & 
Ni t r a t e  < 0 . 0 1  < 0 . 0 1  0 . 3 7  0 . 0 1  0 . 0 2  0 . 2 5  
mg/ l /%*  < 1 < 1 9  2 3  10 

T o t a l  O r g a n i c - N  0 . 3 4  0 . 2 5  1 . 5 0  0 . 3 7  0 . 5 9  0 . 6 9  
mg/ l /%* 8 8  86 35  9  0  94 28 

T o t a l  K j e l d a h l - N  0 . 3 9  0 . 2 9  3 . 8 9  0 . 4 0  0 . 6 1  2 . 1 8  
mg/ l /%*  1 0 0  1 0 0  9 1  98  9 7  9 o 

T o t a l  N i t r o g e n  0 . 3 9  0 . 2 9  4 . 2 5  0 . 4 1  0 . 6 3  2 .43  
1 0 0  1 0  0  1 0 0  1 0 0  1 0 0  1 0 0  

* P e r c e n t  of TN by c o l u m n  
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from 0.04 to 0.08 mg/l throughout the study with the ortho-phos- 
phorous range even smaller. The concentration differences 
observed with total nitrogen in the Bay are not readily apparent 
for phosphorus. However, a steep concentration gradient usually 
exists between Whitaker Bayou and the Bay station just outside 
the Bayou mouth. 

The very low phosphorous concentrations lend support to the FDER 
algal assay results which found phosphorous limiting at Bay loca- 
tions in April. These data appear to indicate that the algae are 
very effective at assimilating the available phosphorous reaching 
the Bay, Also, the elevated water column values identified 
during the wst season for nitrogen were not as readily detectable 
from the phosphorous data. 

5 . 3  Chlorophyl1"a" Results 

Very often chlorophyll levels are mathematically correlatable to 
nutrient levels in surf ace waters. The relationships established 
from the data sets are developed and displayed in Section 8. The 
concentration distribution plots reflect these apparent relation- 
ships between higher nutrient concentrations and elevated chloro- 
phyll levels. This relationship appears most pronounced in the 
vicinity of the Whitaker Bayou discharge, but no extensive plume 
was consistently observed. These situations probably result from 
an overall structure of both growth nutrients and carbon sources 
which permit algal blooms just outside the Bayou mouth, but the 
growth also uses most of the available nutrients through conver- 
sion into cell biomass. 

Noticeable trends in chlorophyl1"a" levels suggest both tempera- 
ture related growth kinetics of marine algae and an increase in 
nutrient levels during warm rainy months. For comparison pur- 
poses, the January and August, 1982, concentrations are displayed 
for all stations on Figures 5-5 and 5 - 6 .  These figures show 
higher levels at almost all locations except in the Bayou; even 
the Gulf passes show elevated summertime levels. 

5 . 4  Biochemical Oxyqen Demand Results 

Biochemical Oxygen Demand (BOD) is a col~unorlly used measurement to 
track sewage plant discharges. Field data collected for January 
and August, 1982, are shown on Figures 5-7 and 5-8 and represent 
typical dry and wet months, respectively. BOD measurements 
collected for this study show slightly elevated concentrations in 
the vicinity of Whitaker Bayou and within most of the Bay. 
Concentrations tend to decrease with distance from the Bayou 
mouth with low values at the Gulf passes. 
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A s  w i t h  o t h e r  p o l l u t i o n  r e l a t e d  p a r a m e t e r s ,  a m b i e n t  l e v e l s  a p p e a r  
t o  show a n  i n c r e a s e  i n  A u g u s t  a n d  mos t  l i k e l y  r e s u l t  f r o m  
a d d i t i o n a l  l o a d s  f r o m  nor l -po in t  s o u r c e s ,  p a r t i c u l a r l y  u r b a n  
r u n o f f .  No d i r e c t  r e l a t i o n s h i p  c a n  b e  d e m o n s t r a t e d ,  b u t  BOD 
l e v e l s  i n  A u g u s t  a r e  e l e v a t e d  a l o n g  t h e  e a s t e r n  Bay s h o r e  w h e r e  
t h e  u r b a n  area d r a i n s  d i r e c t l y  t o  S a r a s o t a  Bay.  A l s o ,  e l e v a t e d  
c h l o r o p h y l 1 " a "  l e v e l s  may b e  c a u s i n g  a p p a r e n t l y  h i g h e r  BOD l e v e l s  
b e c a u s e  o f  i n t e r f e r e n c e  i n h e r e n t  i n  t h e  a n a l y s i s  p r o c e d u r e .  

5 . 5  B a c t e r i o l o q i c a l  P a r a m e t e r  R e s u l t s  

The t h r e e  b a c t e r i o l o g i c a l  p a r a m e t e r s  m e a s u r e d  d u r i n g  e a c h  water 
q u a l i t y  s a m p l i n g  e v e n t  were t o t a l  c o l i f o r m ,  f e c a l  c o l i f o r m ,  a n d  
f e c a l  s t r e p t o c o c c u s .  T o t a l  a n d  f e c a l  c o l i f o r m  l e v e l s  were o f  
p a r t i c u l a r  i n t e r e s t  d u e  t o  i n c l u s i o n  i n  s t a t e  w a t e r  q u a l i t y  
s t a n d a r d s .  

Bay s t a t i o n  t o t a l  c o l i f o r m  l e v e l s  were c o n s i s t e n t l y  b e l o w  1 0 0  
o r g a n i s m s  p e r  1 0 0  m i l l i l i t e r s  e x c e p t  f o r  o c c a s i o n a l  h i g h e r  v a l u e s  
i n  t h e  ~ a y o u / ~ a y  m i x i n g  z o n e  a t  s t a t i o n  6 3 .  However,  t h e  s i t u a -  
t i o n  i n  W h i t a k e r  Bayou is c o m p l e t e l y  d i f f e r e n t  w i t h  t o t a l  c o l i -  
f o r m  l e v e l s  o f t e n  i n  e x c e s s  o f  s e v e r a l  t h o u s a n d  p e r  1 0 0  m i l l i -  
l i t e r s  ( 2 , 0 0 0  t o  5 ,000 /100  m l )  a n d  many t i m e s  e x c e e d i n g  C l a s s  I11 
w a t e r  q u a l i t y  s t a n d a r d s .  The d i l u t i o n ,  s a l i n i t y ,  a n d  l i g h t  
e n v i r o n m e n t s  w i t h i n  S a r a s o t a  Bay are a p p a r e n t l y  c a p a b l e  of 
c a u s i n g  enough  b a c t e r i a l  d i e - o f f  t o  p r e s e n t l y  m a i n t a i n  a c c e p t a b l e  
w a t e r  q u a l i t y .  

The t h i r d  i n d i c a t o r  o f  f e c a l  c o n t a ~ n i n a t i o n ,  f e c a l  s t r e p t o c o c i ,  
had  u n u s u a l l y  h i g h  l e v e l s  a t  mos t  Bay a n d  Bayou s t a t i o n s  d u r i n g  
a l l  b u t  t h e  c o l d e s t  e v e n t s  i n  J a n u a r y  a n d  F e b r u a r y ,  1 9 8 2 .  I n  
f a c t ,  m o s t  d a t a  a p p e a r  t o  i n d i c a t e  a n e t  i n c r e a s e  i n  t h e  r e p o r t e d  
number of  b a c t e r i a l  c e l l s  a f t e r  l e a v i n g  t h e  Bayou.  T h i s  s u g g e s t s  
e i t h e r  e x c e p t i o n a l  s u r v i v a l  o f  t h e  o r g a n i s m  i n  m a r i n e  w a t e r s  o r  
t h e  p o s s i b l e  b r e a k - u p  o f  b a c t e r i a l  c l u m p s  c a u s i n g  a n  a p p e a r a n c e  
o f  g r o w t h  w h i c h  is n o t  a c t u a l l y  o c c u r r i n g .  

5 . 6  O t h e r  C o n s t i t u e n t  R e s u l t s  

Measurement  of  t o t a l  s u s p e n d e d  s o l i d s  (TSS)  w e r e  v a r i a b l e  t h r o u g h -  
o u t  t h e  Bay a n d  Bayou.  TSS l e v e l s  w e r e  g e n e r a l l y  less t h a n  35 
mg/ l ,  e x c e p t  a t  s e v e r a l  s t a t i o n s  i n  t h e  ~ a y o u / ~ a y  m i x i n g  z o n e  
( 5 4 ,  5 9 ,  6 1 )  w h i c h  w e r e  o E t e n  h i g h e r .  The c a u s e  o f  t h e s e  
s l i g h t l y  h i g h e r  l e v e l s  w a s  n o t  d e t e r m i n e d .  

S i l i c a  ( 3  0 m e a s u r e m e n t s  w e r e  o r i g i n a l l y  t a k e n  i n  o r d e r  t o  
u s e  s i l i c a  2as a  f r e s h w a t e r  t racer i n  t h e  Bay ,  however  a f t e r  
l e a v i n g  t h e  Bayou ,  ' i 0 2  c o n c e n t r a t i o n s  d r o p p e d  t o  n e a r  
d e t e c t i o n  l i m i t s  mak ing  u s e  a s  a tracer d i f f i c u l t .  T r i b u t a r y  
s t r e a m  a n d  bayou  c o n c e n t r a t i o n s  were u s u a l l y  be tween  1 a n d  5 mg/l 



r i 

while Bay concentrations were usually less than 0.20 mg/l except 
- .  during major runoff events (August, 1981 and August, 1982). 

r -  
Total organic carbon (TOC) concentrations fell almost consis- 

- - tently between 2 and 4 mg/l with slightly higher levels in 
Whitaker Bayou. No discernable organic pollution problem is 

rn 9 shown by the TOC concentrations. 

- 



WATER QUALITY STANDARDS CLASS IFICA'I'IOMS 

The purpose of a wasteload allocation study is to determine the 
quantity of pollutant inaterial that can be discharged to a water 
body without impairing the quality of the receiving water rela- 
tive to the designated use. Water quality standards, e . ,  use 
classification and control criteria needed to inaintain said use) 
are the method by which limits of acceptable quality for a given 
use are evaluated and limitations established in measureable 
quantities. Although the classifications and control criteria 
are used for defining all constituent limitations, indirect 
measurements are necessary to identify limitations for specific 
parameters. 

The surface waters studied in this project fall into several 
water quality classifications as defined in Chapter 17-3, Florida 
Administrative Code. Sarasota Bay is divided into two classifica- 
tions as delineated on Figure 6-1: Class I1 - Shellfish Propaga- 
tion or Harvesting; and Class 111 - ~ecreation and Propagation 
and Management of Fish and Wildlife. A11 Ray tributaries are 
also designated as Class 111 waters. The major difference 
between the standards for these two classifications relate to 
parameters, like bacteria, which may be a health hazard when 
filter feeding shellfish from these waters are consumed as 
opposed to body contact uses and fin fisheries. Class 111 is the 
standard classification for all non-drinking water supply (actual 
or potential) lakes and streams, and non-shellfish tidal bodies. 

-Among the more than twenty parameter categories identified in 
both classificatior~s, many are specific to irldustrial or chemical 
discharges. Since only a few parameters were identified as being 
significant to evaluating municipal sewage eEfluent discharges, 
the evaluations will be limited to the following categories: 

1) Dissolved Oxygen. 
2 )  Nutrients (nitrogen and phosphorus). 
3 )  Bacteriological Quality. 
4 )  Biochemical Oxygen Demand. 
5 Transparency. 

6.1 Dissolved Oxyqen 

The first limitation is identified in the general criteria as 
"Notwithstanding the specific numerical criteria for individual 
classes of water.. .the Department recognizes that, in certain 
bodies of water the dissolved oxygen inay be below the applicable 
criteria at certain times due to man-induced causes which cannot 





be controlled or abated with technology or management practices 
including zero discharge, or due to natural background condi- 
tions. Under such conditions, the background levels shall be the 
criteria; however, daily and seasonal fluctuations shall be main- 
tained.. . . " 
With respect to Class I1 and I11 designations, the criteria are 
defined as "In predominantly fresh waters, the concentration 
shall not be less than five milligrams per liter. In predomi- 
nantly marine waters, the concentration shall not average less 
than five milligrains per liter in a 24-hour period and shall 
never be less than four milligrams per liter. Normal daily and 
seasonal fluctuations above these levels shall be maintained." 

6.2 Nutrient Criteria - 

Within the general criteria, the following specific definition 
applies: "The discharge of nutrients shall continue to be 
limited as needed to prevent violations of other standards con- 
tained in this Chapter. Man-induced nutrient enrichment (total 
nitrogen or total phosphorus) shall be considered 
degradation ...." 
Within the Class I1 and 111 designations, the following applies: 
"In no case shall nutrient concentrations of a body of water be 
altered so as to cause an imbalance in natural populations of 
aquatic flora or fauna." 

6.3 Bacteriological Quality Criteria 

The general criteria do not specifically address limits, while 
the Class I1 standard reads as follows: "The median coliform MPN 
(Xost Probable Number) of water shall not exceed seventy (70) per 
100 milliliters (ml), and not more than ten percent of the 
samples shall exceed a MPN of 230 per 100 ml. The fecal coliform 
bacterial level shall not exceed a median value of 14 MPN per 100 
rnl with not more than ten percent of the samples exceeding 43 
(MPN) per 100 ml." 

The Class 111 standard is similar to Class 11, but has less 
restrictive numerical limits. The criteria are: "Fecal coliform 
bacteria shall not exceed a monthly average of 200 per 100 ml of 
sample, nor exceed 400 per 100 rnl of sample in 10 percent of the 
samples, nor exceed 800 per 100 ml on any one day, nor exceed a 
total coliform bacteria count of 1,000 per 100 ml as a monthly 
average, nor exceed 1,000 per 100 ml in more than 20 percent of 
the samples examined during any month, nor exceed 2,400 per 100 
ml at any time. Monthly averages shall be expressed as geometric 
means based on a minimum of 10 samples taken over a 30 day 
period. Either MPN or MF counts may be utilized." 



6.4 Biochemical Oxygen Demand Criteria 

The only applicable standards specific to biochemical oxygen 
demand are found in the general criteria and read as follows: 
"Shall not be increased to exceed values which would cause 
dissolved oxygen to be depressed below the limit established for 
each class and, in no case shall it be great enough to produce 
nuisance conditions." 

6.5 Transparency Criteria 

Within the State standards, the criteria for Class I1 and I11 
designations are: "The depth of the compensation point for photo- 
synthetic activity shall not be reduced by more than 10% as com- 
pared to the natural background value. " 

6.6 General Evaluation Factors 

In addition to the criteria outlined above, Sarasota County has 
adopted local ordinances which apply to surface waters within the 
County. However, relative to the above parameters, none of the 
local standards are more stringent than the state rules. Also, 
another set of criteria often discussed in relation to sewage 
eEfluent discharge is the following definition of advanced waste 
treatment: 

Biochemical Oxygen Demand less than or equal to 5 mg/l. 
Total Suspended Solids less than or equal to 5 mg/l. 
Total Nitrogen less than or equal to 3 mg/l. 
Total Phosphorus less than or equal to 1 mg/l. 

Prior to the bill's amendment in 1980, these criteria were oEten 
referred to as the "Wilson-Grizzle" criteria. Sarasota County 
has considered re-instituting these standards for local sewage 
treatment plants discharging to surface waters. 

As indicated in some oE the above criteria, not all standards 
have simple numerical limits. The BOD and nutrient limits must 
be evaluated on a case by case basis to satisfy other related 
criteria for a specific water body. The transparency standard 
has a numerical limit, but actual measurable paraineters ( i. e. , 
chlorophyll, color, suspended solids) must be considered in order 
to define transparency through secondary relationships. 

The development of these case by case water quality limitations 
and the secondary relationships which help establish numerical 
limitations has received significant attention during Level I1 
project evaluations. Specifically , except in Whitaker Bayou, 
there were no numerical water quality criteria violations related 



to sewage effluent discharge. For this reason, an expanded 
approach for determining the cause of Sarasota Bay's perceived 
pollution problem was needed and a methodology was developed for 
relating this problem first to measureable quantities and second 
to water quality standards. 

After the Level I evaluation failed to identiEy any cause and 
effect water quality violations, another approach was added to 
the evaluation technique. The first step of this analysis was to 
identify the perceived water quality problem or problems in 
Sarasota Bay. From previous evaluations, the local scientists 
and specialists indicated that the loss of seagrasses was repre- 
sentative of overall ecological disturbances in Sarasota Bay. 
Specifically, the natural environment seeined to be deteriorating 
in response to urbanization around the Bay area. 

Examination of the seagrass problem suggested that water pollu- 
tion e . ,  nutrient enrichment) would probably not directly 
cause the loss of seagrasses. However, the secondary effects 
caused by nutrient enrichment include increased turbidity and a 
comnensurate reduction in the water column light penetration. 
This increased turbidity is directly related to additional phyto- 
plankton growth. Algal growth can be related to increased nutri- 
ent concentrations and therefore, to increased light attenuation. 
Light penetration can in turn be related to both secchi disk 
depth reduction and transparency changes. These interrelation- 
ships allow interpretation of an ecological problem to be trans- 
lated into both measurable quantities and legal standards. The 
nutrient to light relationships are developed in Section 8. 



SECTION 7 

NON-POINT SOURCE EFFECTS 

Developing nutrient limitations for an urban water body like 
Sarasota Bay requires that non-point source effects be quanti- 
fied. Initially, historical work was consulted and those efforts 
provided an insight into actual and perceived conditions. There 
were two previous "208" projects focusing on PhilLippi Creek dis- 
charges to Little Sarasota Bay. The first report (prepared in 
1977) had been criticized for several reasons, among them, the 
development of land use oriented equations for predicting runoff 
and surface water quality. The major objection was that the 
equations were based on very limited data and could have a number 
of interpretations. The second report was completed in 1982, but 
has not been published in final form. This second study found 
such highly variable results, that no attempt was made to develop 
any predictive equations. 

Faced with questionable techniques from one report, no results 
froin a second, and a project budget too limited to perform exten- 
sive non-point source studies, an alternate methodology, 
partially developed by USGS, was reviewed. 

The USGS Tampa office began a study of nine urban basins in the 
Tampa Bay area in 1975. The study took several years to complete 
and involved collecting hydraulic/hydrologic data from 2 0 1  identi- 
fiable storms, with complete water quality information from 21 
storms. The study's most notable output was predictive equations 
derived through inultiple linear regression analyses that relate 
runoff volumes and loads to meteorological and physical character- 
istics. 

The equations applicable to this approach required more specific 
information than available for this project, so several assump- 
tions about land use breakdowns had to be made. Initially, the 
four tributary basins along the eastern shore of Sarasota Bay 
were identified and delineated. Land use divisions between 
developed and undeveloped were made, further breakdown was diffi- 
cult. Because the USGS equations included non-residential 
developed area as an independent variable, an assumption was :nade 
that between 20 and 30 percent of total developed area was 
non-residential. This estimate was based on specific breakdowns 
tabulated in the first PhilLippi Creek "208" report. Runoff 
volumes and pollutant loads were then calculated for both ranges 
of non-r2sidential land use values and the average values 
developed. 



I n  o r d e r  t o  b r a c k e t  p o t e n t i a l  i m p a c t s ,  two a p p r o a c h e s  w e r e  t a k e n  
f o r  c a l c u l a t i n g  n o n - p o i n t  s o u r c e  l o a d i n g s .  The f i r s t  a p p r o a c h  
was t o  u t i l i z e  t h e  m e t e o r o l o g i c a l  d a t a  c o l l e c t e d  d u r i n g  t h e  s t u d y  
t o  d e v e l o p  n o n - p o i n t  s o u r c e  l o a d s  w h i c h  c o u l d  b e  compared t o  
m e a s u r e d  l o a d s .  However,  m e t e o r o l o g y  was u n a v a i l a b l e  f o r  t h e  
December a n d  J a n u a r y  e v e n t s .  The F e b r u a r y  e v e n t  had  no  r a i n  f o r  
a week b e f o r e  t h e  s a m p l i n g  e v e n t  a n d  t h e  May e v e n t  was p r e c e e d e d  
by more  t h a n  two weeks  w i t h  no r a i n .  Augus t  had  enough  i n f o r m a -  
t i o n  t o  g e n e r a t e  n o n - p o i n t  s o u r c e  l o a d s ,  a n d  t h e y  w e r e  i n c l u d e d  
i n  t h e  m o d e l l i n g  p r o c e d u r e  i n i t i a l l y .  A s e c o n d  a p p r o a c h  w a s  t o  
u t i l i z e  a v e r a g e  w e t  a n d  d r y  m o n t h s  f r o m  h i s t o r i c a l  m e t e o r o l o g y  t o  
g e n e r a t e  " a v e r a g e "  w e t  a n d  d r y  month d a i l y  r a i n f a l l  r e c o r d s  w h i c h  
c a n  b e  u s e d  t o  p r e d i c t  p r e s e n t  a n d  f u t u r e  f l o w s  a n d  l o a d s .  Only  
t h e  s e c o n d  a p p r o a c h  was u s e d  i n  t h e  f i n a l  a n a l y s i s .  R e s u l t s  f r o m  
b o t h  t e c h n i q u e s  c a u s e d  l i t t l e  v a r i a t i o n  i n  p r e d i c t e d  c o n c e n t r a -  
t i o n s  s o  t h e  USGS a p p r o a c h  was  u s e d  e x c l u s i v e l y  f o r  c o n s i s t e n c y .  

D e t a i l e d  i n f o r m a t i o n  on m e t h o d o l o g y  a n d  c a l c u l a t i o n s  f o r  e a c h  o f  
t h e  f o u r  t r i b u t a r y  w a t e r s h e d s  is c o n - t a i n e d  i n  Append ix  B .  The 
v a l u e s  r e p r e s e n t i n g  w e t  a n d  d r y  month r u n o f f  v o l u m e s  a n d  l o a d s  
f o r  BOD, t o t a l  n i t r o g e n ,  a n d  t o t a l  p h o s p h o r u s  are d i s p l a y e d  i n  
T a b l e  7-1. A s  i n d i c a t e d  b y  t h e  t a b l e ,  r a n g e s  a n d  a v e r a g e s  Eor 
e a c h  p a r a m e t e r  were d e t e r m i n e d  i n  o r d e r  t o  e v a l u a t e  i m p a c t s .  

I n  a d d i t i o n  t o  p o i n t  a n d  n o n - p o i n t  s o u r c e  l o a d s ,  o t h e r  p h y s i c a l  
i n f o r m a t i o n  had  t o  b e  e v a l u a t e d  a n d  q u a n t i f i e d  t o  make t h e  
t r a n s i t i o n  f r o m  d a t a  d e s c r i b i n g  a s y s t e m  t o  a model  w h i c h  s imu-  
l a t e s  t h e  same s y s t e m .  Even more i m p o r t a n t  are t h e  d e c i s i o n s  
r e l a t e d  t o  c h o o s i n g  f u t u r e  b a s e l i n e  c o n d i t i o n s  w h i c h  r e p r e s e n t  
a v e r a g e  a n d / o r  w o r s t  case c o n d i t i o n s .  

A s  p a r t  o f  t h i s  a n a l y s i s ,  t h e  a v a i l a b l e  d a t a  sets w e r e  r e v i e w e d  
t o  d e t e r m i n e  t h e  m o s t  l i k e l y  p e r i o d  w i t h  t h e  w o r s t  w a t e r  q u a l i t y .  
The l o w  v a r i a b i l i t y  o f  t h e  sewage  p l a n t  e f E l u e n t  c h a r a c t e r i s t i c s  
l e f t  t h e  h i g h l y  v a r i a b l e  r a i n f a l l / r u n o f f  c o n d i t i o n s  as t h e  
d e t e r m i n i n g  f a c t o r .  T h e r e f o r e ,  t h e  w o r s t  case m o d e l l e d  c o n d i -  
t i o n s  w i l l  u s e  t e m p e r a t u r e s ,  l o a d s ,  a n d  c o n d i t i o n s  e x p e c t e d  
d u r i n g  t h e  r a i n y  sumnmer m o n t h s .  Data c o l l e c t e d  d u r i n g  A u g u s t ,  
1 9 8 2  w i l l  b e  u s e d  as a g u i d e l i n e .  



TABLE 7-1 
NON-POINT SOURCE LOADS/FLOWS 

SARASOTA BAY STUDY 

B o w l e 2 '  s C e d a r  Hudson 
C r e e k  Hammock Bayou 

Wet Nonth  

* X h i t a k e r  
Bayou 

BOD A v e r a g e  ( l b / d a y  1 946 229 300 
R a n g e  803-1101  204-256 264-340 

TN ~ v e r a g e  ( l b / d a y  20 3  
Range  162-249 

TP ~ v e r a g e  ( l b / d a y  1 9 7  
R a n g e  81-115 

F low A v e r a g e  ( c f  s 1 12 
Range  10-14  

Dry Month  

BOD A v e r a g e  ( l b / d a y  1 222 
R a n g e  162-287  

TN ~ v e r a g e  ( l b / d a y  5 1  
Range  37-66 

TP ~ v e r a g e ( l b / d a y )  23  
R a n g e  16-30 

F low A v e r a g e ( c f s 1  3 . 1  
Range  2-4 



SECTION 8 

MOD ELLING FRAMEWORK 

The framework employed to analyze existing water quality and pro- 
ject future conditions consists of a two-dimensional 
steady-state, advective-dispersive model utilizing the finite 
difference solutions to basic differential equations combining 
.€low continuity and conservation of mass. In simple terms, each 
segment is treated as a completely mixed volume which is sub- 
jected to advective and dispersive flows from all adjoining seg- 
ments or through defined outside boundaries. A difference 
equation is derived for each segment; this equation is 
essentially a mass balance for each segment taking the effects of 
adjoining segments into account. The system of difference equa- 
tions can be transformed into matrix arrays. The resulting 
matrix algebra equation has the segment concentrations as the 
only unknowns, and a solution is found by matrix inversion tech- 
niques. 

8.1 Computer Model Description 

BeEore any calculations cat1 be performed, the various physical 
and chemical variables must be quantified for input to the model 
framework. This discussion details how these variables are cal- 
culated and then explains how the values are manipulated by the 
model. Appendix C details both the actual computer program 
coding for program SARBAY and the principal mathematical formula- 
tion used in the model. 

8.1.1 Input ~equirzments 

The actual physical description of the system to be modelled is 
one of the most important data inputs. Due to the detailed seg- 
mentation used to represent the different areas of the Bay, the 
quantity of physical data requirsd was increased. The required 
data include: volumes calculated from bathymetric and geodetic 
maps; areas planimetered from geodetic maps; depths measured 
either directly or calculated from volume and areas; vertical 
plane areas (the planar area between segments) determined by 
bathymetry; and the distance between adjacent segmen t centr~ids 
measured from geodetic maps. In order to include recent changes 
in physical character is tics, recent survey data for Whitaker 
Bayou (following dredging) and field transects of the Bay were 
used to update available mapping. 

The next requirsd input information is pollutant loads and concen- 
trations. The loads are determined from either sewage treatment 
plant operating rsports for point sources (representative pro- 



jected values) for future conditions) or calculated by one of the 
methods in Appendix B for non-point source loads. Concentrations 
used for boundary conditions are derived from field measurements 
at representative locations. 

Flow values for existing conditions are taken from sewage plant 
records and routed through the segments using field data as a 
guideline. Other tributary flows (wet and dry weather) were 
either neasured in the field or calculated by the methods dis- 
played in Appendix B. 

Temperatures and salinities are both obtained from field 
measurements. These values are needed to develop the dissolved 
oxygen saturation values for non-conservative parameter models, 
but are not used in conservative parameter models. 

Dispersion coefficients were initially derived from previous ex- 
perience and literature values. These values were later adjusted 
based on various field measureinents and also during model calibra- 
tion. BOD reaction rates were taken from literature values and 
modified as necessary to fit the field data. Dissolved oxygen 
reaeration rates are derived from a relationship which describes 
that says the rate as inversely proportional to the average 
depth . 
For BOD/DO models, two other terms reflecting sources and sinks 
of oxygen are also used. The source term is based on phyto- 
plankton kinetics and is calculated from chlorophyll and nutrient 
concentrations, temperature, depth, secchi disk depth and light 
availability. The mathematical farmulation is presented in 
Appendix C. The output values are expressed in mg/l/day and are 
input directly to the DO model. The last term is an oxygen sink 
term, which in this analysis represents the benthic oxygen demand 
rates determined by field measurement. 

8.1.2 Model Logic 

The reader is referred to Appendix C for a inore detailed explana- 
tion of the actual computer program. The following summarizes 
the analytical procedures used to arrive at the output concentra- 
tion values. 

The first part of the computer program sets up the physical 
system by reading in all the geomet.ric data, flows, and disper- 
sion related terms. With this data stored in computer memory, an 
iterative procedure begins that formulates differential equations 
for each model segment based on the conservation of mass and flow 
continuity principles. The coefficients for each of these equa- 
tions are stored in a matrix array. Once an equation has been 
derived for each segment, taking into account the effects of each 



adjacent segment, a system of N equations with N unknowns re- 
mains, where N is the number of segments. The program then uses 
the matrix inversion technique to evaluate the unknowns, which in 
this formulation are the average segment concentrations. For 
coupled reactions, the matrices are reformulated by adding (or 
subtracting) the sink and source terms and applying the reaction 
rates. The new matrix is also inverted and the results from both 
the first and second manipulations are output as shown on Figure 
8-1. 

The output initially identifies two printed questions asking for 
the sewage plant flow and average bay temperatures, followed by a 
segment by segment listing of BOD concentrations (first variable) 
and DO deficit concentrations (second variable). To obtain a DO 
concentration, the deficit must be subtracted from a saturation 
concentration. 

The inodel is capable of handling coupled reaction equations with 
both advective and dispersive flows, thus simulating estuarine 
conditions. By zeroing out the reaction rates, conservative sub- 
stances like total nutrients, can be modelled (first variable 
only). Also non-coupled reactions like bacterial decay can also 
be modelled using appropriate (die off) rates. 

8.2 Model Calibration and Verification 

Model segments established during Level I evaluations formed the 
basis for initiating Level I1 evaluations. Figure 8-2 displays 
the final segmentation utilized. Water quality data collected 
during this study served as the basis for calibrating the model 
used in this project. Initial work done for Level I relied on a 
combination of limited field data and professional judgment. As 
more data were collected, the model was refined, particularly the 
conservative nutrient models were redone several times, until 
acceptable calibration was achieved. Most model manipulations in- 
volved varying dispersion terms and flow paths to fit the 
measured data. Tables 8-1 and 8-2 display a comparison of field 
measurement derived data and model predicted total nitrogen 
values for February and August, 1982. 

Location specific field measurements are not directly coinparable 
to inodel output since each station represents water quality at a 
specific tiine and location. Measured values were used to derive 
approximate iso-concentration contour lines (Figure 8-31 from 
which average segment concentrations were derived for comparison 
with model output. These values then represent the concentration 
of a cornpletely mixed segment volume. Calibration runs were con- 
tinuously modified until the predicted values were within approxi- 
mately ten percent of the measured values, excluding Whitsker 
Bayou. 



" a 

FIRST VARIABLE 
- 1 

SECOND VARIABLE 30 3 E F \ < l T  
1 5.5335586818867  
2  5 .81410509380935  
3  5 .67546139158957  
4  -4.6412007993E-02 
5  - .298446212109404 
6  - .339874203057642 
7  - .410180903252597 
8 - .425154718066301  
9  - .477085290100958 '  
1 0  - .455868749087533 
11 - .395417837707762 
1 2  - .165759524523618 
1 3  .129001443832758 
1 4  - .417063343624357 
1 5  . l o 5 5 7 3 3 1 7 2 4 9 3 0 6  
1 6  - .202006374218353 
1 7  - .239337350768212 
1 8  - . I88775291643629  
1 9  -. 285725282165579 
20 - .298195145387897 
2 1  - .521130059732844 

DATE: 83-017; TIME: 1 4 : 5 3 : 4 7 . 2 ;  CPU TIME: 0000 
READY 

4  SEC 

FIGURE8-I 
BAY MODEL PROGRAM LISTING 
SARASOTA BAY STUDY 



FIGURE 8 - 2  
RAY MODEL SEGMENTATION 
SARASOTA BAY STUDY 



TABLE 8-1 
SARASOTA BAY STUDY 

MEASURED' ) vs MODELLED TN CONCENTRATIONS 
FEBRUARY, 1982 

Model Seqment Measured Modelled 

10 .o 2 7.4 
11.5 6.6 
4.3 6.0 
1.0 0.60 
0.4 0.39 
0.37 0.42 
0.45 0.39 
0.4 0.39 
0.45 0.38 
0.38 0.37 
0.40 0.38 
0.44 0.38 
0.38 0.38 
0.37 0.38 
0.35 0.38 
0.5 0.45 
0.05 0.43 
0.7 0.49 
0.6 0.44 
0.5 0.42 
0.42 0.35 

Difference 

1) Calculated from contour plot derived from field measurements. 
2) All concentrations in mg/l, total nitrogen. 



TABLE 8-2 
SARASOTA BAY STUDY 

MEASURED') vs MODELLED TN CONCENTRATIONS 
AUGUST, 1982 

Model Seqment Measured Modelled 

1.13 2) 1.31 
0.8 1.31 
0.45 1.18 
0.2 0.12 
0.085 0.08 
0.08 0.085 
0.085 0.08 
0.075 0.08 
0.075 0.08 
0.08 0.075 
0.08 0.075 
0.085 0.075 
0.075 0.075 
0.075 0.075 
0 -07 0.075 
0.08 0.09 
0.1 0.09 
0.15 0.10 
0.12 0.09 
0.1 0.085 
0.07 0.075 

"2 
Difference 

1) Calculated from contour plot derived from field measurements. 
2) All concentrations in mg/l, total nitrogen. 
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Another important consideration in model calibration was that 
trends seen in the water quality data also show up in the model 
output. Particular concern was directed toward matching the 
slightly elevated concentrations found near the Bayou mouth and 
along the eastern shore north of Whitaker Bayou. Minor resegmen- 
tation of the Level I model was done near the Bayou discharge to 
better define the large gradients often present in the Bayou/Bay 
mixing zone during earlier evaluations. These modifications are 
included on Figure 8-2. 

Five data sets were used for calibration/verification purposes. 
The total nitrogen and total phosphorus data from each data set 
were plotted on maps of the Bay. As previously mentioned, data 
derived from these plots are used as a comparison with model 
results. The numerical data were arithmetically averaged and con- 
tours were drawn using the average concentrations and the Gulf 
pass values as background. 

The calibration/verification procedure used several data sets. 
The first two were used to define coefficients and all remaining 
data sets were employed to compare calculated and observed water 
quality. The specific procedures used defined the transport 
coefficient for dispersion and flow field employing one 
conservative variable, (i.e., total nitrogen) . These 
coefficients were then used for all other conservative and 
non-conservative calculations. Reaction coefficients were 
defined employing similar procedures. 

Results obtained in Level I had indicated that the general disper- 
sive path of the sewage was out of the Bayou, then shifting 
toward the northwest across the Bay. The parameter concentration 
contours generally offered both visual verification of that flow 
regime and an indication of a larger influence zone in the 
vicinity of the Bayou mouth. Figure 5-1 displays the contours 
for total nitrogen in February, 1982, while Figure 5-2 presents 
similar information for August, 1982. As indicated, both figures 
graphically represent the observed flow regimes. 

Flows between segments and dispersion terms were adjusted to 
reflect water quality data. Initially, only the February and 
August, 1982, total nitrogen models were run so that adjustments 
could be made on both wet and dry condition data sets. Once 
satisfactory calibration of those two months was achieved, the 
other three months were run and all five months were subsequently 
used for total phosphorus models. Each output was checked 
against the contours generated from the field data to assure that 
adequate representation of the environmental conditions was 
achieved. Tables 8-3 and 8-4 summarize the measured and modelled 



' TABLE8-3 
SARASOTA BAY STUDY 

CALIBRATION/VERIFICATION RESULTS 
TOTAL NITROGEN CONCENTRATIONS (mg/l) 

measured/modelled 1) 

Model Segment December January February May Auqust 

Bayou 
1 3.0/5.0 6.3/5.8 10/7.4 3.4/4.3 0.5/5.3 
2 5.2/5.5 6.9/5.6 11.5/6.6 5.7/4.4 4.2/4.7 
3 3.1/5.2 5.2/5 .O 4.3/6.0 5.3/4.0 2.4/4.2 

1) Measured values are actually calculated from contour plots of 
field data measurements. See Text 



TABLE 8-4 
SARASOTA BAY STUDY 

CALIBRATION/VERIFICATION RESULTS 
TOTAL PHOSPHORUS CONCENTRATIONS (mg/l) 

measured/modelled 1) 

Model Seqment December January February May Auqust 

Bayou 
1 1.05/1.5 1.01/1.2 1.13/1.31 1.0/1.14 0.8/1.85 
2 1.1/1.6 0.9/1.2 0.8/1.31 0.8/1.14 0.56/1.42 
3 0.92/1.6 0.55/1.1 0.45/1.18 0.6/1.02 0.40/1.27 

1) Measured values are actually calculated from contour plots of 
field data measurements. See Text 



results by segment for the five months for total nitrogen and 
total phosphorus, respectively. 

Operating on the assumption that the two conservative nutrient 
parameter models are good representations of the system, the cali- 
brated and verified models can be used for other parameters and 
to make predictions regarding nutrient concentration changes. 
The assumption is that the physical system is well represented 
and changes involving flow patterns and dispersion coefficients 
no longer need be made. However, other variables can still be 
modified providing the basic transport model structure is left in- 
tact. Also, decay terms and sink/source relationships were then 
derived by other methods for expanding the modelling to non-con- 
servative parameters. 

By adding in various reaction rates and sink/source terms, a 
single model can be used to predict both the concentration of 
BOD, a non-conservative substance, and dissolved oxygen deficit, 
which is derived from both the deficit caused by the BOD and 
other production and respiration terms. These equations are 
referred to as a coupled reaction system because the second 
variable is at least partially dependent on the first. Reaction 
rates were varied during calibration to obtain the best fit for 
both the BOD and DO deficit results. 

The two other terms used for the oxygen deficit calculations in- 
cluded a production minus respiration term (usually an oxygen 
source) and a benthic respiration term (a sink). The P-R term is 
derived from an equation which takes nutrient, chlorophyll, 
secchi disk depth, physical depth, and temperature into account 
to estimate net algal productivity. The benthic rates are 
derived from the results of the three SOD studies by EPA. Since 
these values were derived from field data, they were not modified 
during calibration except for temperature corrections to ambient 
temperatures. 

8.3 ~utrient/~iqht Relationships 

Use of the water quality model described in earlier sections made 
the prediction of increased nutrient and oxygen demanding sub- 
stances possible. However, since there are no numerical criteria 
for nutrients , another approach was taken to indirectly relate 
nutrient concentration increases to the numerical transparency 
standard. This step required that relationships between nutri- 
ents, chlorophyll, secchi disk depth, and light attenuation be 
developed specific to Sarasota Bay. The following development of 
specific relationships relate directly to known procedures and 
data collected in Sarasota Bay. 



The concentration of chlorophyll"a" is used as the most common 
indicator of algal growth in aquatic systems. Numerous attempts 
were made to develop linear and multiple linear relationships 
between nitrogen, phosphorus, and chlorophyl1"a". Results proved 
statistically insignificant despite attempts to segregate the 
data base by location, sampling event, and nitrogen to phosphorus 
( N : P )  ratios. The N:P ratios were the subject of an intense 
effort to develop mathematical relationships. Table 8-5. lists 
the monthly T0C:TN:TP ratios for eight stations excluding 
Whitaker Bayou and the Bay/Bayou mixing zone. Following the 
approximate molecular C:N:P ratio of 100:13:1, the ratios indi- 
cate that existing conditions within the Bay system do not vary 
greatly from the optimal nutrient balance. This fact further sub- 
stantiates the algal assay results which showed unexpected nutri- 
ent limitations (phosphorus limitation) or colimitation. 

Based upon limited variability in the ratios, the decision was 
made to use average chlorophyll to nutrient ratios developed from 
all five detailed surveys. In addition, worst month values were 
developed to generate comparative impacts. The results of these 
calculations are presented in Table 8-6. Particular attention is 
directed to the fact that only minor differences exist between 
the predicted chlorophyll levels based on either phosphorus or 
nitrogen. Notice is also directed to the fact that phosphorus 
causes slightly more growth in the open water Bay stations, while 
nitrogen produces more growth in the Bayou influenced areas. 

The next step utilizes the calibrated/verified nutrient models 
for August, 1982, to predict the impact upon water column values 
due to increased loads and flows. The increased nutrient concen- 
trations are the basis for predicting chlorophyll"al' concentra- 
tion changes using the chlorophyll to nutrient ratio. The 
assumption is made that the existing average and worst case 
chlorophyll to nutrient ratios remain constant when additional 
loads are applied to the Bay. 

Predicted chlorophyll concentrations can be substituted into a 
regression equation that relates chlorophyl1"a" to secchi disk 
depth. The regression equation was derived from 28 sets of data 
values, collected. during various sampling events. While chloro- 
phyll concentrations could be related to variations in secchi 
disk depth, an expected additional relationship with total 
suspended solids was not significant. The equation's final form 
is as follows: 

Secchi depth (ft) = 6.022 - 0.255 ChlorophyllWa" (mg/l) 
Using statistical tests, the chlorophyll variable proved to be 
significant at the 99% confidence level, even though the multiple 
correlation coefficient was only 0.347. Through using this equa- 



' TABLE 8 - 5  
SARASOTA BAY STUDY 

MACRONUTRIENT R A T I O S  

(Molecular Basis 

- .  Month S t a t i o n  TOC : T P  

December 

January 

February 

August 



TABLE 8-6 
SARASOTA BAY STUDY 

CHLOROPHYLL TO NUTRIENT RATIOS 

Dec. Jan. - M a y  Feb. Aug . Avg . 
Chlorophyl1"a" to 
Total Phosphorus 

Open Bay 
~ a y / ~ a y o u  

Chlorophyl1"a" to 
Total Nitrogen 

Open Bay 14 8 12 
~ay/Bayou - 22 12 17 

0 Indicates worst case month - 
Chlorophyl1"a" = mg/l 
Total Phosphorus = mg/l 
Total Nitrogen = mg/l 



tion, the change (decrease) in secchi depth resulting from 
nutrient and chlorophyll concentration increases can be 
predicted. 

The final step requires a link between these predicted secchi 
disk depth changes and the light attenuating characteristics of 
Sarasota Bay. Based upon the field measurements identified in 
Section 4 and the results identified on Figure 4-4, the secchi 
disk depth in Sarasota Bay and adjacent Gulf waters consistently 
falls between 25 and 30 percent of surface incident light. Using 
this value and Beer's Law, 

the extinction coefficient K was calculated by substituting 
secchi disk depths (Dl observed at the open water Bay stations. 
In order to determine the depth (D 1 to the compensation point 
(defined in the water quality standa5ds as the depth at which one 
percent of the surface incident light remains unabsorbed), the K 
calculated from secchi disk depths is substituted in Beer's Law 
with the one percent of incident light value. Furthermore, 
through reviewing the above relationships, the compensation point 
depth and secchi depth were found to be directly related. There- 
fore, the maximum allowable ten percent reduction in depth to the 
coinpensation point (Erom background) is directly related to a ten 
percent decrease in secchi disk depth. 

Several different independent checks of this methodology are 
possible. The first is a comparison between existing chloro- 
phyll"aW concentrations and secchi disk depths with those derived 
from the nutrient ratio and regression equations. For instance, 
the average secchi disk depth from four Bayou influenced stations 
in August, 1982, was 3.4 feet while the predicted value is 3.9 
feet on the average and 3.1 feet for the worst case. The average 
value of four open water stations for the same event was 4.1 feet 
with a predicted average value of 4.4 feet and a worst case value 
of 3.5 feet. 

Average chlorophyl1"a" concentrations from the same four dis- 
charge influenced stations was 9.4 ug/l with a predicted average 
of 8.4 ug/l and a worst case concentration of 11.4 ug/l. The 
open water stations had an average value oE 8.1 ug/l while the 
average and worst case predicted values were 6.5 and 10.1 ug/l, 
respectively. 

Another partial confirmation of the technique was derived from 
light attenuation work performed by EPA-Athens during the first 
and second sediment oxygen demand studies. Data contained in 
Table 3 of the February, 1982, report (Ref. 3) include calcula- 
tions of extinction coefficients and a tabulation of percent 



light transmission with depth. The calculated open and discharge 
influenced (present) secchi disk depths allow a comparison 
between predicted values and field measured numbers. For in- 
stance, the average open water secchi disk depth of 4.4 feet 
gives an extinction coefficient of -0.30 and a compensation point 
depth of 14.6 feet. The two latter values reported by EPA are 
-0.31 and 15 feet for station 85 in February, 1982. 

8.4 predictive Model Evaluations 

Once an understanding of the existing system was achieved through 
model calibration/verification, future or alternative conditions 
could be predicted. As with the verification procedure, the same 
physical and reaction rate relationships derived earlier will be 
maintained while concentrations and flows are altered to define 
future impacts. This assumes that physical characteristics will 
be essentially the same under future conditions. 

In making predictions, the mode1,requires that several assump- 
tions be made. First, significant effluent flow changes to 
Whitaker Bayou and the Bay are assumed not to alter the 
advective/dispersive pattern presently established. This assump- 
tion may not be completely valid for Whitaker Bayou because of 
the relatively small volumes in each segment. However, the im- 
pacts upon dispersion should be offset by the increased movement 
of mass from the Bayou into the Bay. The only likely effect in 
the Bay is increased dispersion in the area just outside the 
Bayou mouth which is influenced by the mixing of Bay and Bayou 
waters. 

The second important assumption is that the boundary condition 
concentrations e . ,  Gulf of Mexico concentrations) will not 
change over time and will not change in response to discharges to 
Sarasota Bay. The validity of this assumption cannot be 
established from the present study data base. There are definite 
indications of variable nutrient concentrations during different 
months, but the cause of the change has not been established. 
The trend appears to be that Gulf water concentrations rise in 
the warmer months, as do the Bay concentrations. For this study, 
predictive models will use the boundary condition concentrations 
measured over the last year with seasonal variations included as 
appropriate. 

Another limitation of the techniques derived in this section in- 
volves the relationships themselves. First, the chlorophyll to 
nutrient ratios were averaged for the entire study because no 
definitive regression equation could be found. This assumption 
is probably safe for nutrient and chlorophyll values in the 
observed range, but extrapolation beyond these ranges may not be 
as valid. 



~ l s o ,  while the chlorophyl1"a" to secchi disk depth relationship 
was significant at the 99% confidence level, the fact remains 
that the multiple correlation coefficient was 0.347. This 
suggests that one or a combination of unquantified variables is 
responsible for a majority of the secchi disk depth variation. 



SECTION 9 

ASSIMILATIVE CAPACITY EVALUATION 

~ssimilative capacity can be defined for various constituents and 
conditions as the quantity of inaterials which can be assimilated 
by the receiving waters without violating state water quality 
criteria and beneficial use designations. In order to define the 
upper limit of appropriate quantities which can be discharged 
from point source and non-point source contributors, the initial 
system simulation can be carried through step-wise load increases 
until water quality criteria and use designations are just main- 
tained. 

Based upon calibrated/verified simulations of existing Sarasota 
Bay conditions for both conservative and non-conservative para- 
meters, assimilative capacity determinations can be accomplished 
for two distinct conditions: increasing flows/loads from present 
discharge locations; and increasing flows/loads at an alternate 
discharge location. Through evaluating these two conditions on a 
step-wise basis, appropriate changes in water quality conditions 
can be delineated and compared with state water quality 
standards. Each set of loading scenarios can generate differing 
assimilative capacities dependent upon the 
physical/chemical/biological conditions prevalent within the re- 
ceiving waters. 

During the initial water quality data evaluation and model cali- 
bration/verification procedures, flows/loads represented actual 
discharge values for each month simulated. As indicated from the 
water quality data, numerous violations of water quality 
standards were observed within Whitaker Bayou throughout the 
sampling program. Although these violations indicate that the 
assimilative capacity for oxygen demanding materials in Whitaker 
Bayou is exceeded under current discharge conditions, no viola- 
tions were observed within Sarasota Bay. Therefore, initial 
evaluations were directed toward satisfying the dissolved oxygen 
standard with 'Nhitaker Bayou. After allowable loads to Whitaker 
Bayou were defined, comparable impacts upon Sarasota Bay were 
determined. In these analyses, continual discharges from the 
present Sarasota Wastewater Treatment Plant location were 
utilized for determining nutrient limitations even when dissolved 
oxygen standards were violated. These analyses will allow com- 
parisons between present conditions and proposed alternatives for 
developing the different assimilative capacities. Following 
these determinations, alternative discharge locations were re- 
viewed relative to satisfying standards and determining assimila- 
tive capacity. 



9.1 Increased Flows/~oads from Present Discharge 

9.1.1 Non-Conservative Parameter Assimilative Capacity 

Based upon the conditions observed during the sampling events for 
dissolved oxygen concentrations in Whitaker Bayou, violations of 
the 5.0 mg/l state standard were repeatedly measured. Utilizing 
the field data obtained for August, 1982, and the sewage treat- 
ment plant discharge records for that period, the calibrated/veri- 
fied model for non-conservative parameters developed in Section 8 
was used for evaluating BOD assimilative capacities. 

The non-point source load upon Whitaker Bayou was approximately 
1,117 pounds  day, while the sewage treatment plant load was 
approximately 3391 pounds  day day, with resultant dissolved ox- 
ygen concentrations varying between 2.0 to 2.3 between segments 
one and three in Whitaker Bayou. The background conditions 
establishing the upstream boundary conditions were an UOD of 3.0 
mg/l and a dissolved oxygen concentration of 3.2 mg/l. From 
these data, the assimilative capacity for oxygen demanding 
materials has been exceeded within Whitaker Bayou. Therefore, 
the present loads from the sewage treatment plant must be 
decreased to achieve the assimilative capacity of the Bayou. 

Through step-wise evaluations, the existing loads were decreased 
until the dissolved oxygen standard was maintained within the 
Bayou. The first analysis involved totally removing the sewage 
treatment plant discharge from the Bayou and determining the im- 
pact of only the non-point source loads. This evaluation indi- 
cated that the dissolved oxygen concentration within segments 
one, two, and three would be approximately 3.9 mg/l. Through in- 
creasing the background dissolved oxygen concentrations at the up- 
stream end of segment one to 5.0 mg/l (assuming other discharges 
are controlled to allow state standards to be satisfied at this 
point), the resultant dissolved oxygen concentration within the 
Bayou with only the non-point source load applied varied from 4.4 
in segment one to 4.6 mg/l in segment 3. Utilizing the same 
analysis framework, except increasing the background dissolved 
oxygen concentration to 6.2 mg/l (saturation D.O.), the dissolved 
oxygen concentrations within the bayou were increased to 4.8 
mg/l. In order to satisfy the 5.0 mg/l concentration within the 
Bayou, the non-point source load had to be reduced to approxi- 
mately 800 pounds ~0D/day (approximately 25 percent reduction) 
and the boundary condition dissolved oxygen concentration had to 
be 5.0 mg/l . 
The results obtained from evaluating dissolved oxygen relation- 
ships within Whitaker Bayou indicate that removing the sewage 
treatment plant discharge is necessary to satisfy state standards 
with existing non-point source loads. In addition to removing 



the sewage treatment plant discharge, the non-point source loads 
would have to be reduced and upstream dischargers required to 
reduce loads to allow the dissolved oxygen concentration to reach 
5.0 mg/l at the upstream end of the modelled channel. 

In order to further define the impacts upon the oxygen resource, 
the sediment oxygen demand rates were reviewed within the Bayou. 
If these rates were reduced to the same levels as values found 
throughout Sarasota Bay (approximately a 17 percent reduction in 
demand), the dissolved oxygen concentration would only increase 
approximately 0 .l-0.2 mg/l within the modelled segments. There- 
fore, these reductions would not improve the dissolved oxygen 
characteristics of the Bayou. 

In each instance evaluated, the sewage treatment plant discharge 
must be moved in order to satisfy dissolved oxygen standards with- 
in the Bayou. However, if the oxygen demanding materials contin- 
ued to be discharged and the existing violations in the Bayou 
were identified as a non-attainable standard, the resultant im- 
pacts upon Sarasota Bay .could be determined and compared with 
other alternative discharge locations. 

The next evaluation was directed toward identifying the assimila- 
tive capacity of Sarasota Bay for oxygen demanding substances. 
The conditions in Whitaker Bayou were allowed to fluctuate for 
non-conservative parameters even when state standards and use 
designation criteria (dissolved oxygen) were violated. The 
premise Eor this condition was that the Sarasota Bay assimilative 
capacity could be defined with this present discharge and a com- 
parison be established between the present discharge impact and 
relocating the discharge. Therefore, the same sewage treatment 
plant loads for from ~ugust, 1982, secondary treatment discharge 
values (7.8 mgd, 6.7 mg/l CBOD, and 45.4 mg/l NBOD) were utilized 
for the base condition and two, five, and ten times these con- 
ditions were used for increasing flow/loads. 

Utilizing the calibrated/verified model for non-conservative para- 
meters developed in Section 8, assimilative capacities were 
defined for the increased load scenarios. The specific loading 
conditions utilized for point source and non-point source con- 
ditions are as follows: 



- a 

Point Source Loads Non-Point Source Loads 

Flow CBOD NBOD CBOD + NBOD 
(mgd) (lbs/day) (lbs/day) ( lbs/day) 

August, 1982 7.8 439 2952 
0 3 

- ,  2 x August 15.6 878 5904 

5 x August 39 .O 2195 14760 2592 

LO x August 78 .O 4390 29520 2592 

Data have been developed for open water Bay stations and 
Bayou/~ay mixing zone segments (Figure 9-11 . Data displayed in 
Table 9-1 summarize the resultant dissolved oxygen and ultimate 
biochemical oxygen demand values for the August, 1982, loads and 
two, five, and ten times these loads. Values are again indicated 
for both open water and Bayou/~ay mixing zone segments. The 
results included in the table indicate that the 5.0 mg/l 
dissolved oxygen concentration is not violated by any of the 
multiple load conditions utilized for this investigation in 
either the open water bay segments or the ~ayou/Bay segments. 
However, the maximum decrease in dissolved oxygen concentration 
(compared with August, 1982 impacts) predicted from these loading 
conditions would be 1.1 mg/l with ten times the August, 1982, 
loads applied to Sarasota Bay. 

9.1.2 Conservative Parameter Assimilative Capacity 

Evaluations relative to defining assimilative capacity with 
present discharge loads increased were next performed for conser- 
vative parameters. Prior to developing the assimilative capacity 
for nitrogen and phosphorus, various relationships had to be 
established defining the correlations of algal growth and trans- 
parency. These relationships between nutrients, chlorophyll"a", 
secchi disk depth, and light attenuation were developed specific 
to Sarasota Bay, as explained in Section 8. 

The calibrated/verified nutrient models for August, 1982, were 
used to predict the impact upon water column values due to in- 
creased loads and flows. Conditions observed in August, 1982, 
were used for predictions since those data represented the most 
stressed water quality situation. The next step involved using 
the relationships to predict future conditions. In order to 
identify step-wise impacts, point source loads and flows were 
whole number multiples of the August, 1982, Sarasota secondary 
effluent characteristics (7.8 mgd, 12.4 mg/l TN, and 2.37 mg/l 
TP). The following values represent the point source and 
non-point source values utilized: 
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P r e s e n t  

TABLE 9-1 
SARASOTA BAY  STUDY^ 

UOD, DO CONCENTRATIONS 
PRESENT DISCHARGE LOCATION 

O p e n  
B/B 

O p e n  
B/B 

O p e n  
B/B 

O p e n  
B/B 

UOD 

1 )  All values in mg/l. 



Point Source Loads Non-Point Source Loads 

Flow TN TP TN TP 
(mgd) (lbs/day) (lbs/day) (lbs/day) ( lbs/day 1 

August, 1982 7.8 808 154 611 272 

2 x August 15.6 1616 308 611 272 

5 x August 39 4040 770 611 272 

10 x August 78 8080 1540 611 272 

Results obtained from the three multiples (two, five and ten 
times existing conditions) can then be compared with existing con- 
ditions in order to predict chlorophyll"a" concentrations under 
additional load. These predicted chlorophyll concentrations can 
also be used to predict the change (decrease) in secchi disk 
depth resulting from nutrient and chlorophyll concentration in- 
creases. For example, doubling the existing load predicts an 
average 0.1 foot decrease in open water segment secchi depths and 
a 0.3 foot decrease in Bayou influenced segments, based on 
average values; worst case results are higher. 

Given the relationships established in Section 8, nutrient in- 
creases can be used to predict compensation point depth changes, 
which can then be related to water quality criteria. In order to 
further identify the consequences of increased loads upon 
Sarasota Bay, a more detailed review of seagrass bed health was 
attempted. Representatives of the local scientific community 
have suggested that long term changes in water quality have 
brought about a significant decline in the areal extent and 
overall health of seagrass beds in Sarasota Bay (Figure 9-21. 
Using the methodology outlined above and additional assumptions, 
a hypothetical situation can be outlined which will indicate the 
extent of further grassbed habitat loss based on water quality 
changes. 

For example, doubling the present sewage effluent flow and load 
predicts total nitrogen and total phosphorus concentrations of 
0.51 mg/l (+0.02) and 0.076 mg/l (+0.003), respectively. These 
increases cause chlorophyl1"a" levels in open bay segments to 
rise to an average value of 6.8 ug/l as opposed to a present 
average value of 6.5 ug/l. This change could result in an 
average secchi disk depth decrease from 4.4 to 4.3 feet in these 
segments. Utilizing the relationship developed from field data, 
the secchi disk depth is equivalent to 27 percent of incident 
light and assuming that 6.0 feet is the present lower limit for 
productive seagrass beds, an equation can be developed using 
Beers Law which assumes that the limiting percentage of incident 
light remains constant. 



-KD 
ID/Io = e = a constant 

-K D 
therefore e-KID1 = e 2 2 

and 

Where K1 equals the extinction coefficient calculated from the 
present secchi depth, Dl equals six feet and K equals the ex- 
tinction coefficient calculated from the predicte8 secchi depth. 

If Kl equals -(ln 0.27)/4.4 or -0.298, Dl equals 6 feet and 
K2 equals -ln(0.27/4.3 or -0.304, then D2 = 5.9 feet. 
Furthermore, since healthy seagrasses have been observed to grow 
from depths of 2 to 6 feet in Sarasota Bay now and the predicted 
change would be to between 2 to 5.9 feet with a doubling of load, 
the potential habitat loss would be only 0.1 feet (5.0 feet to 
5.9 feet). 

The decline in seagrass habitat areas can also be examined using 
circumstantial evidence. As indicated by comparing the grassbed 
areas on Figure 9-2, historically the greatest loss of seagrasses 
has occurred along the eastern shore of Sarasota Bay. As 
presented in this study, this zone has received increasing quanti- 
ties of Bayou discharge (water violating state standards as a 
result of point and non-point source loads), direct urban runoff 
from adjoining developed areas, and even occasional sewage system 
overflows. Conversely, other areas of the bay further removed 
from urban influence show limited losses and occasionally more 
productive grassbeds. 

Having developed the appropriate relationships to identify 
changes in compensation point depth and seagrass bed habitat 
associated with nitrogen and phosphorus discharge loads, assimi- 
lative capacities can be defined for Sarasota Bay. As indicated 
in the discussions identifying predictive techniques, present 
sewage treatment plant loads were increased in multiples of two, 
five, and ten times present discharge conditions observed in 
August, 1982. Through identifying the nutrient concentrations 
within each modelled segment within Sarasota Bay for present dis- 
charges, a baseline for comparing nutrient increases has been 
defined. Therefore, when increased loads are discharged from the 
present sewage plant discharge location, incremental increases in 
these concentrations within the various segments can be defined 
through subtracting the new values from the August, 1982 values. 

Incorporating these predictive techniques with the multiple load 
evaluation provides the basis for two sets of sequential data com- 
putations. The results obtained from these two calculations for 
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open Bay segments and ~ayou/~ay mixing zone segments are dis- 
played in Tables 9-2 and 9-3, respectively. The initial values 
established in the tables represent the data generated from 
August, 1982, sewage plant discharges and model simulations. The 
nitrogen concentrations, phosphorus concentrations, chlorophyll 
concentrations, secchi disk depths, and compensation .point depth 
are generated from the average values pertaining to the open 
water Bay segments. 

The verified model develops the nitrogen and phosphorus concentra- 
tions within the open water segments resulting from the sewage 
treatment plant discharge. The subsequent chlorophyll concentra- 
tion is calculated through using the relationships established in 
Table 8-6 and represents the highest chlorophyll concentration 
obtained from using both the chlorophyl1:TN and chlorophyl1:TP 
relationships. Subsequently, the secchi disk depth is calculated 
using the equation relating secchi disk depth to chlorophyl1"a" 
identified in Section 8.3. Finally, the compensation point depth 
for the August, 1982, conditions is calculated using the Beers 
Law relationships identified for relating secchi disk depth, ex- 
tinction coefficient, and the relationship established in 
Sarasota Bay equating 27 percent of incident light with the 
secchi disk depth. 

As identified in Table 9-2, there are two sets of values for each 
set of conditions. The first line entry identifies the condi- 
tions used for generating chlorophyll concentrations based upon 
the average chlorophyl1:TN and chlorophyl1:TP relationships for 
all of the segments. The second set of entries correlates the 
chlorophyll values resulting from the largest (worst case) chloro- 
phy1l:TN and chlorophyl1:TP values obtained from the monthly 
average evaluations. These two values represent the range of pre- 
dicted chlorophyll concentrations resulting from the projected in- 
crease in either nitrogen or phosphorus. Therefore, the results 
obtained using these two levels of values will provide a range 
for evaluating the reliability of projected impacts. 

The additional data displayed in Table 9-2 identify the projected 
impacts for the three multiple load scenarios. The second line 
of data in the tabulation identifies resultant average nitrogen 
and phosphorus concentrations predicted from doubling the sewage 
treatment plant load at the present location. The subsequent 
development of chlorophyll concentrations, secchi disk depth 
values, and compensation point depth follow the same logic dis- 
cussed above. Once these values have been calculated, then the 
change in compensation point resulting from the increased nutri- 
ent concentrations can be identified relative to the August, 1982 
values. 

As indicated from Table 9-2, the resulting compensation point for 



TABLE 9-2 
SARASOTA BAY STUDY 

NUTRIENT/CHLOROPHYLL/LIGHT PROJECTIONS 
OPEN BAY SEGMENTS 

Compensation Total Total Secchi % Change 
Phosphorus Chlorophyl1"a" Depth 

(mg/l) ( ug/l) (ft.) 
Nitroqen 
(mg/l) 

avg. 0.51 
wc - 

avg. 0.56 
WC - 

.o lox avg. 0.64 
I 

WC - a 

1) wc - worst case - see text. 

2) all values reflect percent difference from present (August, 
1982) or worst case condition, respectively. 



TABLE 9-3 
SARASOTA BAY STUDY 

NUTRIENT/CHLOROPHYLL/LIGHT PROJECTIONS 
BAY/BAYOU SEGMENTS 

Total Secchi Compensation % Change Total 
Nitrogen 
(mg/l) 

Phosphorus Chlorophyl1"a" Depth 
(mg/l) ( ug/l) (ft.1 

Point (CP) 
(ft.) 

August, 1982 

avg. 0.58 
wc - 

avg. 0.76 
wc - 

avg. 1.07 
wc - 

1) wc - worst case - see text. 
2) all values reflect percent difference from present (August, 

1982) or worst case condition, respectively. 



the average chlorophyll increases resulting from doubling the 
sewage treatment plant load provides a compensation point of 15.1 
feet. This compensation point is therefore 0.2 feet less than 
the compensation point identified for the average conditions in 
August, 1982. This change results in a one percent decrease in 
compensation which is less than the state standard of 10 percent. 
Subsequent calculations for the worst case chlorophyll predic- 
tion indicate the compensation point depth resulting from 
doubling the sewage treatment plant load will be 11.7 feet and 
when compared with the worst case condition for August, 1982, 
results in a change in compensation point of 0.4 feet, or a 
decrease in compensation point depth of 3 percent. The remaining 
values for five and ten times the present load are indicated in 
the subsequent entries in the table. 

Through reviewing all of the values displayed in Table 9-2, the 
assimilative capacity of Sarasota Bay can be obtained for in- 
creased nutrient discharges. Through defining the level of dis- 
charge that results in a decrease of compensation point depth of 
ten percent, the total load allowed to be discharged at the 
present sewage plant location can be determined. The values dis- 
played in Table 9-2 indicate that approximately five times the 
August, 1982 sewage treatment plant load can be discharged and 
stay within the ten percent decrease in compensation point depth 
identified within the water quality standards. 

In order to properly bracket the assimilative capacity available 
within Sarasota Bay, the ~ayou/Bay mixing zone segments must also 
be evaluated. Utilizing the same techniques for open water Bay 
segments, an additional evaluation was performed to identify sew- 
age treatment plant discharge multiples of two, five, and ten 
times the August, 1982, loads. Data displayed in Table 9-3 rep- 
resent the same calculation procedures utilized for developing 
Table 9-2. In each instance, both the average chlorophyl1:TN and 
chlorophyl1:TP values were used along with the worst case chloro- 
phy1l:TN and chlorophyl1:TP values. Through reviewing the 
results displayed in this tabulation, a ten percent change in com- 
pensation point depth from the August, 1982, values would be ob- 
tained from a multiple of approximately two times the August, 
1982, sewage treatment plant load. 

9.2 Increased ~lows/~oads at Alternate Discharqe Points 

Based upon the fact that the present sewage treatment plant dis- 
charge significantly contributes to the present water quality 
violations identified in Whitaker Bayou, alternative discharge 
locations were identified which would allow water quality 
standards to be satisfied both within the Bayou and throughout 
Sarasota Bay. From the evaluations conducted with the present 
discharge location, the most probable location was determined to 



be a point within model segment 18 (Figure 9 ,  approximately 
3,200 feet from the existing sewage plant discharge and 1,800, 
feet from the mouth of Whitaker Bayou into Sarasota Bay. This 
location would provide adequate dispersion within the Bay and min- 
imize pollutant discharge during flood tides. With this loca- 
tion, assimilative capacities were defined for both non-conserva- 
tive parameters and conservative parameters utilizing the pro- 
cedures employed in Sections 9.1.1 and 9.1.2. 

9.2.1 Non-Conservative Parameter Assimilative Capacity 

Utilizing the same evaluation procedures presented in Section 
9.1.1, the impact of non-conservative parameters upon Whitaker 
Bayou and Sarasota Bay were evaluated. The principal difference 
between these evaluations and those conducted for present dis- 
charge locations was that Whitaker Bayou would come closer sat- 
isfying water quality conditions for dissolved oxygen. Through 
relocating the discharge location and increasing loads as indi- 
cated in the tabulation of CBOD and NBOD for point and non-point 
source loads, comparative BOD and dissolved oxygen concentrations 
were identified for open water Bay segments and Bayou/~ay seg- 
ments. Results of these evaluations are displayed in Table 9-4. 

Increasing the loads from the August, 1982, levels to a multiple 
of ten times those values, indicates limited impacts upon 
dissolved oxygen concentrations throughout all modelled Bay seg- 
ments. The maximum decrease in dissolved oxygen concentrations 
obtained in the open water Bay segments is approximately 0.1 
mg/l, while the maximum decrease in the ~ayou/Bay segments is 
approximately 0.2 mg/l. 

9.2.2 Conservative Parameter Assimilative Capacity 

Utilizing the same rationale for evaluating conservative para- 
meters discharged from the present location, flows/loads were 
modelled for the new location with August, 1982, sewage treatment 
plant conditions and two, five, and ten times these conditions. 
Utilizing this approach, the baseline for comparing future im- 
pacts would be the conditions within the Bayou, Bayou/~ay mixing 
zones, and open water bay segments established for the present 
discharge location conditions. 

Information displayed in Table 9-5 utilizes the same form of in- 
formation previously displayed in Table 9-2. The significant 
difference would be that the first entry in the Table identifies 
the same conditions displayed in Table 9-2 for August, 1982, dis- 
charge conditions from the present discharge location. The next 
line displays the data identifying moving the discharge to the 
proposed location, but still using August, 1982, discharge con- 
ditions. The subsequent columns of information are developed 
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TABLE 9-4 
SARASOTA BAY STUDY 

UOD, DO CONCENTRATIONS 
ALTERNATE DISCHARGE 

O p e n  
B/B 

O p e n  
B/B 

O p e n  
B/B 

O p e n  
B/B 

UOD 



TABLE 9-5 
SARASOTA BAY STUDY 

NUTRIENT/CHLOROPHYLL/LIGHT PROJECTIONS 
OPEN BAY SEGMENTS 

ALTERNATIVE DISCHARGE LOCATION SEGMENTS 

Total 
Nitroqen 

( mg/l) 

Total Secchi 
Phosphorus Chlorophyl1"a" Depth 

(mg/l) ( ugh) (ft.) 

Compensation 
Point (CP) 

(ft.) 

% Change 
in CP 

( % I  

August, 1982 
present 
locat ion 

AugustI 1982 
alternative 

avg. 0.50 
wc - 

avg. 0.52 
wc - 

avg. 0.57 
WC - 

avg. 0.65 
wc - 

1) wc - worst case - see text. 
2) all values reflect percent difference from present (August, 

1982) average or worst condition respectively, existing 
discharge location. 



from the same relationships used for the present discharge 
location and derived changes in compensation point depth are 
obtained in an identical manner. 

AS seen from the values presented in this tabulation, relocating 
the discharge to the proposed location with the same flow/loads 
will cause approximately 2 percent change in the average compensa- 
tion point depth as compared with the August, 1982, present dis- 
charge location within Whitaker Bayou. Through increasing the 
treatment plant discharge flow/load, a 10 percent decrease in com- 
pensation point depth is obtained for average conditions when a 
multiple of approximately five times the August, 1982, sewage 
flow loads are discharged. When the worst case chlorophyll 
relationships are utilized and compared with the worst case con- 
dition for the present discharge location, only a multiple of 
approximately three times the August, 1982, flow/load can be 
assimilated by Sarasota Bay. 

Through utilizing the same techniques for the Bayou/Bay mixing 
zone segments as for open water Bay segments, values were 
developed for the same parameters and are displayed in Table 9-6. 
Similar to the values for open water Bay segments, the baseline 
for comparison is the same values defined in Table 9-3 for 
present discharge location impacts upon the ~ayou/Bay segments. 
Through sequentially increasing the discharge load from August, 
1982, values to ten times those values, each respective set of 
compensation point depth changes are developed. Data contained 
within the table indicate that relocating the discharge would 
result in a 9 percent change in the compensation point depth 
during August, 1982, flow/load discharges. The multiple in- 
creases in sewage discharge loads would allow only between one 
and two times the August, 1982, levels to be discharged at this 
location before the ten percent compensation point depth change 
is excluded within the ~ayou/Bay mixing zone. 



TABLE 9-6 
SARASOTA BAY STUDY 

NUTRIENT/CHLOROPHYLL/LIGHT PROJECTIONS 
BAY/BAYOU SEGMENTS 

ALTERNATIVE DISCHARGE LOCATION 

Total 
Nitroqen 
(mg/l) 

0.52 avYl - wc 

0.54 a v B ~  - 
WC 

avg. 0.59 
wc - 

avg. 0.77 
WC - 

avg. 1.05 
wc - 

Total Secchi 
Phosphorus Chlorophyll "a" Depth 

(mg/l) ( ug/l) (ft.) 

Compensation 8 Change 
Point (CP) in CP 

(ft.) ( % )  

August, 1982 
present 
locat ion 

August, 1982 
alternative 

1) wc - worst case - see text. 
2 )  all values reflect percent difference from present (~ugust, 

1982) average or worst case condition respectively, existing 
discharge location. 



SECTION 10 

SUMMARY 

~h'rou~h the sampling events conducted between August, 1981, and 
~ugust, 1982, an adequate description of the existing water qual- 
ity within Whitaker Bayou and Sarasota Bay has been obtained. 
These results indicate that water quality within Sarasota Bay is 
excellent with the only water quality standard violations 
occurring within the immediate mixing zone where Whitaker Bayou 
discharge mixes with ~arasota Bay waters. In contrast to these 
conditions, water quality standards are frequently violated 
throughout the Bayou segments. The depressed water quality is 
caused primarily by discharges from the City of Sarasota Sewage 
Treatment Plant. 

Through establishing an evaluation framework which parallels the 
existing system conditions, appropriate analyses were performed 
to identify assimilative capacities for non-conservative and con- 
servative parameters within Whitaker Bayou and Sarasota Bay. 
Based upon the determinations identified in Section 8 and 9, 
present sewage treatment plant discharge must be removed from its 
present location in order to attempt to achieve water quality 
standards throughout the Bayou. Specifically, dissolved oxygen 
standard violations were directly correlated with the quantity of 
oxygen demanding materials discharged by the treatment plant. 
Utilizing the evaluation framework of Section 8, if the present 
discharge were removed from -Whitaker Bayou, dissolved oxygen 
standard violations would continue to occur without additional 
control of upstream pollution sources. The analyses indicate 
that if the dissolved oxygen concentration could be raised to 5.0 
mg/l in the upstream portion of the Bayou study area, the 
dissolved oxygen standard of 5.0 mg/l would be satisfied when in- 
coming non-point source ultimate oxygen demands were less than 
800 pounds/day. Therefore, the assimilative capacity for oxygen 
demanding materials within Whitaker Bayou is 800 pounds ~ 0 ~ / d a y  
provided upstream conditions satisfy the 5.0 mg/l standards. 

With respect to dissolved oxygen concentrations within Sarasota 
Bay, the maximum impact upon the open water Bay segments was a 
decrease of 0.1 mg/l dissolved oxygen from present conditions. 
These results were obtained when the present sewage treatment 
plant discharge was increased by ten times the August, 1982, 
discharge values or 78 mgd, 6.8 mg/l CBODZO and 45.4mg/l 
NBODZO. 

With respect to defining nutrient limitations within Sarasota 
Bay, correlations were developed between secondary impacts 
relating light transparency to phytoplankton growth and 



corresponding nutrient discharges. When present sewage treatment 
plant discharges were increased from August, 1982 values by 
multiples of two, five, and ten, the impact upon open bay water 
segments was minimal. Concentrations of total nitrogen and total 
phosphorus existing within the open Bay areas were only increased 
by approximately 0.15 mg/l and 0.03 mg/l, respectively, for a 
ten-fold increase. The corresponding multiple of August, 1982, 
nutrient discharges was approximately five to exceed the ten per- 
cent decrease of compensation point depth within open water bay 
stations. Therefore, the total allowable nutrient discharge to 
Sarasota Bay would be equivalent to 39 mgd containing 12.4 mg/l 
total nitrogen, and 2.4 mg/l total phosphorus. 

The analyses performed for identifying impacts from an alternate 
discharge point located approximately 1800 feet into the Bay from 
the mouth of -mitaker Bayou indicated limited water quality 
problems. With respect to dissolved oxygen concentrations, the 
maximum decrease in dissolved oxygen concentrations when compared 
to the present levels within the bay was 0.1 mg/l in open water 
Bay stations. The increase in nutrient concentrations within 
open water Bay stations was approximately 0.2 mg/l total nitrogen 
and 0.2 mg/l total phosphorus when compared to observed values 
during the sampling events. These values are commensurate with 
an increase in present (August, 1982) wastewater treatment dis- 
charges of 78 mgd, 12.4 mg/l total nitrogen and 2.4 mg/l total 
phosphorus. 

The significant impact from relocating the sewage treatment plant 
discharge was within the Bayou/Bay mixing zone segments (segments 
4, 16, 17, 18, 19, and 20 . Within these segments, the dissolved 
oxygen concentration declined by approximately 0.3 mg/l to a con- 
centration value of 6.2 mg/l. Within the Bayou/Bay mixing zone, 
the ten percent decrease in compensation point depth occurred 
when a multiple of two times the existing loads were applied. 

These evaluations indicate that water quality conditions within 
Sarasota Bay are capable of assimilating a large quantity of ox- 
ygen demanding material and nutrients before existing state 
standards are violated. Attention should be directed toward two 
principal concerns: proper location of an alternate discharge 
point within Sarasota Bay and continued monitoring of nutrients, 
chlorophyll, secchi disk depth, and penetrant light. Since the 
interrelationships established during this study are contingent 
upon the range of data observed from field sampling, the ex- 
trapolations to increased concentrations (nutrients and chloro- 
phyll) are that - extrapolations. Through continued monitoring 
of increased discharge loads and commensurate water quality con- 
ditions on a routine basis, the confidence placed in the ultimate 
loading capability to Sarasota Say will be assured. By perform- 
ing more localized, site specific analyses of dispersion 



characteristics outside Whitaker Bayou, an appropriate location 
can be established for sewage treatment plant discharges. These 
studies should concentrate upon obtaining an adequate dispersion 
pattern for a discharge pipe that would minimize the impacts 
identified within the small mixing zone utilized for this study. 

The relationships developed for light availability and seagrass 
bed habitat must be considered as untested hypotheses. 
Substantially more effort is required from a data collection 
standpoint to test and modify these hypotheses. The current 
analysis does not include the time variable nature of water 
quality variations (including light availability) nor other con- 
taminants or sources considered in the hypothetical relationship 
between light and seagrass bed habitat e . ,  epiphytes and sub- 
stratum). Local light availability within the seagrass beds may 
be influenced by local, small scale phenomena which could not be 
considered during the current analysis. Subsequent proposed 
approaches for evaluating these characteristics in other study 
areas may assist in quantifying these relationships. 
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TABLE A - 4 (CCNT.) 

SARASOTA BAY WATER QUALITY DATA SUMARY 
STATICN 85 

Dec. Jan. Feb . May Auq . 

Chlorophyll A, ug/l 6.1 - 
10.9 

0.19 - 

Silica, ng/l 

Total Susp . Solids, ng/l 8.2 - 
0.82 

- - 

Total Coliform, #/100ml 500 - 
800 

1100 - 
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TABLE A - 5 (CCNT.1 
SARASOTA BAY WffE? QUALITY DATA WMQRY 

STATION 66 M 

Dec. Jan. Feb . May Auq. 

460 - 55 - 450 - - - 4400 - Fecal Strep., #/1OM 
460 55 450 - 4400 

- - - - - - - - - - 
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TABLE A - 8 (CONT.) 
SAWLsoTA BAY WTEZ QVALITY DATA SUM?RRY 

STATION 97 M 

Dec .  Jan. Feb . May Auq . 

530 130 170 110 40 920 - - 840 ~ecal Strep., #/100ml - 
200 88 338 - 1170 - 180 10 60 (10 380 - - 1500 - 





TABLE A - 9 (CONT.) 
SARASOTA BAY PiWER QJALITY DATA SUbWi&Y 

STATION 63 M 

Dec. Jan. Feb . May 

Total N, q/l 

Chlorophyll A, ug/l 8.7 6.9 6.3 8.6 3.5 6.8 
8.05 9.23 6.6 

9.1 7.5 7.4 14.6 7.7 8.4 

Silica, q/l 

Total Susp. Solids, ny/l 9.8 22.0 9.7 22.3 5.7 16 .O 
20.45 20.70 11.98 

26.6 23.4 10.8 40.0 12.2 14.0 



TABLE A - 9 (CCNT.) 
SAWrsGTA BAY WA!IER QvALI lY  DATA suIup.IARY 

STATION 63 M 

Dec. Jan. Feb. May Auq. 

Fecal Strep., #/lOOml 590 350 140 140 80 70 - - 3800 2900 

458 88 63 - 2300 

470 420 20 50 40 (10 - - 7600 1200 
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TABLF: A - 11 (awl'.) 
SARPsoTA BAY W?CER QUALITY DATA S U m Y  

STAT103 27 

Jan. Feb . May Auq. Dec. 





TABLE A - 12 (CCPIPT.) 
SARPsOTA BAY WATER QUAWCTY DATA SUMARY 

STATION 38 

Dec. Jan. Feb. 

~~ N, q/l 

Ortho-P, q/l 

Total-P, q/l 

Chlorophyll A, ug/l 

S i l i ca ,  r q / l  

Total Susp. Solids, q/l 

Total Coliform, #/100ml 





TABLE A - 13 
SARPsoTA BAY wA!mR QUmTY D m  SuwAEtY 

STATICN 49 

Dec. Jan. Feb . May 

TeqrOc 

Dissolved Oxygen, ng/l 

PH 

Salinity, ppt 

=201 ng/l 

m z o r  ng/l 

NO2 + N03-N, mg/l 

ILmumia-N, mg/l 
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TABLE A - 17 (CONT.) 
SARASOTA BAY NiQER QJAtITY DATA SMlARY 

STATION 59 

Dec. Jan. Feb . May Aug . 
-1 Coliform, #/100ml 10 a 0  a 0  - a 0  a 0  - - (10 a 0  

10 a 0  a 0  - ao 
10 a 0  a 0  - a 0  a 0  - - a 0  a 0  

Fecal Strep., #/100ml 
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TABIEA-18 (CCNT.1 
SARPSOTA BAY WATER QvAWCTY DATA SUElrPLRY 

STATION 75 

Dec. Jan. Feb . May Aus. 

Fecal Coliform, #/10h1l <loo < L O  (10 uo uo uo - - uo uo 
47 uo < L O  - a 0  

50 10 (10 (10 (10 (10 - - (10 (10 

Fecal Strep.,  # / l o r n  780 310 120 50 10 200 - - 1900 800 
553 10 3 130 - 1340 

670 450 90 150 (10 90 - - 1800 860 







TABLE A - 19 ( m . 1  
SAFASOTA BAY 'PIATEX QUALITY DATA SJbWARY 

STATION 65 M 

Dec. Jan. Feb . May Auq. 

Fecal Coliform, #/100ml 

Fecal Strep., #/LOW 



APPENDIX B 
NON-POINT SOURCE METHODOLOGY 

Non-point source (NPS , often called stormwater, loads and flows 
in this report were calculated by a method adapted from recent 
field investigations by the United States Geological Survey 
(USGS) in the Tampa Bay Area. This appendix presents the 
assumptions and methodologies utilized to derive representative 
values for pollutant loads to Sarasota Bay. The results of this 
analysis were used as input to water quality models of existing 
and future conditions in Sarasota Bay. Differences between the 
Sarasota area and the Tampa Bay area to the north have been 
accounted for in the land use calculations. 

Precipitation 

Since precipitation is essential to this study, selection of 
representative values for use in determining urban precipitation 
and runoff quantity and quality is very critical. In order to 
select precipitation event sequences which are typical of wet and 
dry months, a method had to be selected which accurately 
represented probable annual and monthly rainfall totals while 
allowing for realistic variations between individual rainfall 
events. 

Weather data collected at the NOAA weather station at Tampa 
International Airport has been utilized. The period of record at 
this station is sufficiently long enough to indicate both 
short-term and long-term variations in monthly and annual 
precipitation values. Individual annual data were analyzed to 
determine which years most closely approximate the long-term 
annual rainfall value of 48.82 inches for the period 1940-1979. 

Based upon analysis of the monthly and annual variations, five 
years which have rainfall totals closest to the long-term mean 
annual value were selected for further consideration. Annual 
precipitation for the years 1949, 1955 and 1973 is within 22 
percent of the mean annual rainfall. Therefore, these years were 
selected as representative of the long-term precipitation in 
the Tampa Bay Area and used for subsequent analyses. 

Determination of typical wet and dry months was based upon 
analyzing the wet and dry months which occurred during the 
representative three years. Table B-1 contains the monthly 
precipitation totals for the three representative years, 
designates the wet months, and displays typical characteristics 
for the wet and dry months. 

Detailed examination of the precipitation event sequences, 
monthly amounts, and monthly means for the twelve wet months led 



Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

TABLE B-1 
MONTHLY PRECIPITATION VALUES FOR 
WET AND DRY SEASON CHARACTERISTICS 

Monthly precipitation (inches) 

Monthly Averaqe 

Annual Totals 48.06 48.81 49.71 48.92 

(*Designates wet month) 

Wet Months: 1949 1955 1973 3 Year Total 

Number 3 3 6 11 
Total preci- 
pitation 36.65 30.29 37.03 103.97 

Percent of 
Annual Total 76% 62% 74% 71 % 

Monthly Minimum 7.59 8.82 4.19 4.19 
Monthly Mean 12.22 10.10 6.56 9.07 
Monthly Maximum 18.59 11.90 9.43 18.59 

Dry Months: 

Number 9 9 6 24 
Total Preci- 
pitation 11.59 18.52 12.68 42.97 

Percent of 
Annual Total 24% 38% 26% 29% 

Monthly Minimum 0.18 0.67 0.17 0.17 
Monthly Mean 1.29 2.06 2.41 1.88 
Monthly Maximum 3.79 3.23 3.75 3.79 

Source: National Oceanic and Atmospheric ~dministration, Tampa 
International Airport, Class A Weather Station 



to selecting June, 1949, and September, 1955, as typical wet 
months with May, 1949, and November, 1955, identified as typical 
dry months. The fact that a month in 1973 was not chosen as 
typical of either wet or dry season was only coincidental. 
Actual daily precipitation values for each of the four selected 
months are presented in Table B-2. 

Utilizing actual precipitation event sequences for representative 
wet and dry months to define urban runoff quantity and quality 
responses is more representative of real world precipitation 
event quantities, distribution, and antecedent conditions than 
either historical probabilistic values or long-term daily average 
values. ~dditionally, actual values will more clearly define the 
range and variability in precipitation values and the resultant 
quantity and quality responses of the individual urban basins. 

The following table summarizes the precipitation characteristics 
for the two representative months for both the wet and dry 
seasons. 

Wet Month Dry Month 
Rainfall 

o All events (excluding trace 
amounts 

' - Average Number of Events 16.5 3.5 

- Event Amount 

o Storm Events (P - > 0.10 
inch 1 

- Average Number of Events 12.0 

- Event Amount 



TABLE B-2 
PRECIPITATION AMOUNT AND DISTRIBUTION 

TYPICAL WET AND DRY MONTHS 

Wet Months 
June 1949 September 1955 

Drv Months 
L - 

May 1949 November 1955 

TOTAL 7.59 8.82 .52 2.15 

Source: National Oceanic and Atmospheric Administration, Tampa 
International Airport, Class A Weather Station 



Wet Month 
Ancedent Conditions 

o Dry Days (P (0.10 inch) 

o l-Day Condition 

o 2-Day Condition 

o 14-Day Condition 

Dry Month 

Land Use Determinations 

As ,second major component of this analysis was delineation of 
existing and future land uses for inclusion in the prediction 
framework. Data were compiled from various sources including 
aerial photographs, planning and transportation maps and other 
reports. However, because of the high uncertainties involved in 
any stormwater load prediction technique, a decision was made to 
expend the minimum amount of effort necessary to adequately 
define existing land use breakdowns. 

Initially, only two land use categories were included as 
predictive independent variables; they were developed and natural 
land. Later refinements to the USGS equations finally resulted 
in predictive equations which relied on the percentage of 
non-residential developed land only. Tabulations of the 
developed areas were modified using an assumption that between 20 
and 30 percent of developed land was in the non-residential 
subcategory. Calculations were made for each percentage; final 
values represent the average of four values, i . e . ,  the 
combination of two historical wet (or dry) months at the 20 and 
30 percent conditions. 

NOTE: Triad values represent minimum, mean, and maximum values. 
Antecedent conditions have been calculated for storm 
events only. 



predictive Methodoloqy - Hydraulic 

Limited water qua1 i ty data has been collected under programs 
designed for analyzing urban runoff impacts. The principal 
exception is the data that has been collected for nine urban 
basins within the Tampa Bay Area by the USGS under its urban 
studies program since 1975. 

The USGS effort has managed to collect fairly complete 
information on the hydraulic/hydrologic response of 201 
identifiable storms while consistent and complete water quality 
information was obtained for 21 identifiable storms in the nine 
urban basins. This information is available for retrieval 
through the USGS computer data system, WATSTOR, and portions of 
the data have been published in WRI 78-125, Hydroloqic Data from 
Urban Watersheds in the Tampa Bay Area, Florida (reference 7). 
Quantity and quality information obtained under this program has - 

been extensively used in this and subsequent analyses. 

The regional urban runoff data from 201 identifiable storms 
collected by the USGS has been analyzed to derive a method for 
predicting the hydrologic response of an urban basin knowing only 
specific physical characteristics and pertinent precipitation 
data. In the USGS study, the multiple-linear regression 
technique was used to define predictive variations in runoff 
quantity characteristics as a function of the physical and 
climatic aspects of the urban basins. The general form of a 
multiple-linear regression is 

where Y is a water-quantity characteristic (dependent variable), 
the X's are meteorological or basin characteristics (independent 
variables), a is the regression constant, the b's are regression 
coefficients, and n is the number of predictive characteristics. 
Nonlinear relationships between hydrologic variables have 
frequently been found to be linear if the variables are 
transformed to logarithms. The general form of a log-transform 
regression is 

log a + bl + b2 log X2 

An equivalent form of this equation is 



Because the logarithm of zero is undefined, a constant, such as 
1.0, is added to all independent variables that could feasibly be 
zero. Both forms of the regression equations were tested; 
however, the log-transform regressions were found to fit the 
existing runoff quantity values better than the linear form. 

SAS 76, a statistical analysis system developed at North Carolina 
State University was used to perform stepwise multiple regression 
and associated calculations. The SAS 76 stepwise regression 
procedure was used in the analysis of the response matrices for 
the nine USGS study basins. This procedure examines the 
contribution made by each variable at every step. A variable 
once a part of the regression may exit later due to its 
relationship with remaining variables in the regression. 

The following goals were established for regression models: 

o Multiple correlation coefficient greater than 0.8. 

o Standard error of estimate (50 percent. 

o Selection of regression model with highest correlation 
coefficient. 

Three specific hydrologic response variables were sought through 
this analysis: 1) baseflow response for days without storm 
events; 2) peak runoff value for storm events; and 3) runoff 
volume for days with storm events (base flow and storm event 
runoff). Potential physical characteristics included drainage 
area, channel slope, soils index, percent of area in standing 
water, total impervious area and effective impervious area, as 
well as precipitation factors including total storm rainfall, dry 
days prior to the storm, and the antecedent 1, 2, 7 and 14 day 
conditions. 

Based on 201 storms in the nine urban basins, the following 
predictive models emerged from the regression analysis: 

Base Flow 

1*18 (TRF+l) 2 . 7 3  (ANTl4 +el) 0.55 cfs BF = 0.37 (DA) 

r = 0.91 
Standard Error = - + 68% 

Peak Flow Model 

PQ = 14.45 (DA) 0*57 (E1A)~.61 ( T R F )  75 ( ANT2+1 O o 2 0  cfs 

r = 0.83 
Standard Error = - + 52% 



Runoff Volume Model 

RV = 1.32 (DA) '*I4 ( E I A I O * ~ ~  ( T R F ) ~ . ~ ~  (ANT1+l) *19 acre-feet 

r = 0.96 
Standard Error = - + 36% 

where: DA = Drainage Area (sq. mi.) 
TRF = Total Storm Rainfall (in.) 
EIA = Effective Impervious Area (sq. mi.) 
ANTl = Antecedent 1-Day Precipitation (in.) 
ANT = Antecedent 2-Day Precipitation (in.) 
B C I ~  = Hydraulically Connected Impervious 

Area ( % I  
SHAPE = Shape Factor 

Recent manipulation of the data base provided improved results in 
the estimation of runoff volume 

Improved Runoff Volume Model 

RVAF = 0.36 (DA) (HCIA) 0*43(~R~+l) 2 g 2 4 ( ~ ~ ~ ~ ~ )  0.96 
r = 0.97 
Standard Error = - + 27% 

For the purpose of the following analyses, storm events are those 
events having precipitation greater than or equal to 0.10 inch. 
Days with less than 0.15 inch of precipitation are regarded as 
dry days since previous investigations have shown that 0.15 inch 
or more is required to cause significant runoff in urban basins. 

Types of effective impervious area, the physical characteristics 
which cannot be directly measured from available mapping, were 
derived by the USGS from information on the nine urban basins. 
Several different types of impervious areas were determined for 
the USGS urban basins and is summarized as follows: 

Hydraulically 
Total Connected Effective 

USGS Impervious Impervious Impervious Composite 
Watershed Area Area Area Area C-Value 

(sq.mi) ( % I  ( % I  ( % I  ( % I  



In addition to the various measured imperviousness values, the 
composite C-value shown for each basin represents the weighted 
result of runoff coefficients for both developed and residential 
land uses. Analysis of this composite value in comparison to the 
total impervious area also reveals a statistical relationship. 
The total impervious area also shares a statistical relationship 
with the hydraulically connected impervious area. Procedurally, 
for each basin, 

COMP = 0.85 ( %  Developed Area) + 0.32 ( %  Residential Area) 

Estimate the percent hydraulically connected impervious area by 

HCIA = 1.27 (C-VALUE) - 27.05 n = 9 
r = 0.83 

This procedure was applied to each of the four urban basins 
identified for the present investigation with the following 
results: 

Basin 

Bowlee ' s Creek 
Cedar Hammock 
Hudson Bayou 
Whitaker Bayou 

Drainage Area XCIA 
(sq. miles) ( % I  Shape 

These hydraulic response models, physical basin characteristics, 
precipitation factors, and estimated imperviousness values were 
applied and analyzed for each of the four basins for each day of 
the two representative months for both the wet and dry seasons. 
Mean and ranges of the hydrologic response for the runoff volume 
is contained in Table 5 - 3 .  

NOTES: Shape is a unitless variable calculated as the total 
drainage area divided by the distance from the basin 
discharge to the furthest point in the basin. 

HCIA was determined using the upper and lower bound values 
of 20 and 30 percent of developed area. 



Wet N u m b e r  

A v e r a g e  F l o w  ( ac-ft  

R a n g e  

A v e r a g e  F l o w ( c f s )  

Dry Month 

Average F l o w ( a c - f t )  

R a n g e  

A v e r a g e  F l o w  ( c f s  1 

TABLE B-3 
RUNOFF VOLUME RESPONSE 

B o w l e e  ' s C e d a r  
C r e e k  Hammock 

H u d s o n  
B a y o u  

W h i t a k e r  
B a y o u  



Predictive Methodology - Pollutant Loads 

The multiple-regression approach previously discussed, provides a 
means for estimating water quality characteristics for ungaged 
.basins and estimating the general effects of natural and cultural 
aspects of drainage basins on water quality. The principal 
advantage of this approach is that a multiple-regression model 
can be developed on the basis of available data and can be 
applied to ungaged basins for which certain physical, cultural, 
and environmental factors are known. 

As previously discussed, the SAS 76 statistical analysis system 
was used to perform stepwise multiple regressions and associated 
calculations on stormwater quality data collected by the USGS for 
twenty-one distinct storm events. Both the linear and log 
transform types of regression equations were tried in order to 
derive the best pollutant load models. As opposed to the case of 
the hydrologic response models which utilized the log transform 
regression equation, the linear form provided the best fit for 
observed storm pollution loads. The object oE the iterative 
process involved with the multiple variable regression analysis 
was to select the load model for each pollutant which had the 
best ,multiple correlation value while having reasonable standard 
errors. 

Six. specific pollutant models were developed from the USGS Tampa 
Bay Area urban study data. Three of these models will be used to 
analyze the project Area's pollutant loads. These models are: 

o Biochemical Oxygen Demand (BOD) 
o Total Nitrogen (TN) 
o Total Phosphorus (TP) 

These dependent variables were analyzed against approximately 
twenty independent variables selected from physical, social, and 
environmental characteristics. 

Based on the selected pollutant load data, the following 
predictive models emerged from the regression analysis: 

Biochemical Oxyqen Demand Model 

BOD = 125 + 10.5(RVAF)-32.8(ANT14 + 1) 
r = 0.87 

Standard Error = + 55% - 



T o t a l  N i t r o g e n  Model 

TN = -22 + 1.7(RVAF)+107(DEVT)+5.45(DRY + 1) 
r = 0 .87  

S t a n d a r d  E r r o r  = + 6 2 %  - 

T o t a l  P h o s p h o r u s  Model 

TP = 5 . 1  + 1.O(RVAF)+20 .7(DEVT)-3.5(ANT14 + 1) 
r = 0 .92  

S t a n d a r d  E r r o r  = + 5 1 %  - 

w h e r e :  

RVAF = Runof f  Volume 
-X.V T  = 2-Day A n t e c e d e n t  P r e c i p i t a t i o n  
AYT, . 

l4 = 14-Day A n t e c e d e n t  P r e c i p i t a t i o n  
DRY = Dry Days p r i o r  t o  S t o r m  
DEVT = Land U s e  - D e v e l o p e d  

(acre-feet) 
( i n c h e s )  

( i n c h e s )  
( d a y s  
( s q u a r e  m i l e s )  

T h e s e  t h r e e  p o l l u t a n t  l o a d  m o d e l s  w e r e  a p p l i e d  t o  e a c h  o f  t h e  
f o u r  b a s i n s  u t i l i z i n g  a p p r o p r i a t e  p h y s i c a l ,  c u l t u r a l  a n d  
e n v i r o n m e n t a l  f a c t o r s .  T h r o u g h  a p p l y i n g  t h e  p r e c i p i t a t i o n  e v e n t  
o c c u r r e n c e s  f o r  t h e  two d r y  a n d  two  w e t  m o n t h s ,  i n d i v i d u a l  s t o r m  
e v e n t  l o a d s  w e r e  g e n e r a t e d  f o r  e a c h  b a s i n .  The i n d i v i d u a l  b a s i n  
r e s p o n s e s  t o  s i n g l e  s t o r m s  were t h e n  a g g r e g a t e d  a n d  a v e r a g e d .  
The r e s u l t s  o f  t h e s e  e v a l u a t i o n s  are p r e s e n t e d  i n  T a b l e  B-4. 

The r e s u l t s  shown i n  T a b l e  B-4 r e p r e s e n t  a v e r a g e  a n d  r a n g e  o f  
d a i l y  w e t  a n d  d r y  s e a s o n  p o l l u t a n t  l o a d s  f o r  e a c h  o f  t h e  
t r i b u t a r y  b a s i n s .  The a v e r a g e s  a r e  t h e  v a l u e s  t h a t  w e r e  u s e d  i n  
t h e  i n d i v i d u a l  c a l i b r a t i o n ,  v e r i E i c a t i o n  a n d  p r e d i c t i o n  water 
q u a l i t y  m o d e l s .  



W e t  Month  

BOD A v e r a g e  ( l b / d a y  1 
R a n g e  

TN A v e r a g e  ( l b / d a y  1 
R a n g e  

TP A v e r a g e ( l b / d a y )  
R a n g e  

D r y  Month  

BOD ~ v e r a g e  ( l b / d a y  1 
R a n g e  

TN ~ v e r a g e  ( l b / d a y  1 
R a n g e  

TP ~ v e r a g e  ( l b / d a y  1 
R a n g e  

TABLE B-4 
POLLUTANT LOADS 

WET AND DRY MONTH VALUES 

B o w l e e  ' s 
C r e e k  

946 
803-1101  

20 3 
162-249 

9 7  
81-115 

222  
162-287  

5 1  
37-66 

2 3  
16-30 

C e d a r  
Sammock 

229  
204-256 

7 0 
53-88 

25  
21-30 

Hudson  
Bayou 

30 0 
264-340 

8 3  
64-105 

32 
27-38 

W h i t a k e r  
Bayou 



APPENDIX C 
MODELLING FRAMEWORK 

C.l General 

The framework employed to analyze existing water quality and 
project future conditions consists of a two-dimensional, 
steady-state, advective-dispersive model. The finite 
difference solutions to the basic differential equations 
(illustrated by equations A and B) for a coupled system 
include the following ultimate oxygen demand and dissolved 
oxygen deficit expressions. 

Ultimate Oxygen Demand: 

Dissolved Oxygen Deficit: 

where: 
L = Ultimate oxygen demand (mg/l) 

D = Dissolved oxygen deficit (mg/l) 

2 A = Cross-sectional area (ft 

2 E = Dispersion coefficient (mi /day) 

Q = Advective flow (cfs) 

Kd = Oxidation rate of ultimate oxygen demand 
( l/day 

SL = Sources or sinks of ultimate oxygen demand 
(mg/l/day) 

X = distance (miles) 

Ka = Reaeration coefficient (l/day) 

Kd = Deoxygenation coeEficient of ultimate oxygen 
demand ( l/day 

Sd = Sources and sinks of dissolved oxygen deficit 
( mg/l/day 



Equation A is also employed. to calculate the distribution of 
substances which can be considered conservative (i.e. total 
phosphorous and total nitrogen). In those instances, the 
reaction rate Kr is set equal to zero. 

Two major sources and sinks which appear to control dissolved 
oxygen in Sarasota Bay and Lake Nyakka are the sediment oxygen 
demand and the oxygen produced and used (P -R)  by phytoplankton. 
The sediment oxygen demand has been estimated from -- in-situ 
measurements obtained by EPA-Athens personnel. Estimates of 
oxygen production and respiration by phytoplankton are calculated 
employing equations C to H which use values developed from 
measurements of chlorophyll"a", inorganic nitrogen and secchi 
depth for each segment. 

where: 
II = Incident solar radiation 

Is = saturated growth rate 

S~ 
= secchi depth 

H = water depth 

Ke = equivalent light extinction coefficient 

f = light fraction of day 

R~ 
= plankton growth rate reduction due to light 

limitations 

R~ = plankton growth rate reduction due to 
nutrient limitations 

CN = concentration of inorganic nitrogen 



UN = nitrogen concentration at which plankton 
growth rate is 1/2 maximum 

KS = saturated plankton growth rate 

TG = temperature correction for plankton growth 
rate 

TR = Temperature correction for plankton 
respiration rate 

R~ 
= Phytoplankton respiration rate 

P = chlorophyl1"a" concentration 
P 
As = oxygen to chlorophyll"al' ratio 

The approach employed in the water quality analysis essentially 
consists of maximizing the use of measured information and data. 
The mathematical models are employed to supplement the observed 
data and to provide a framework for evaluation of the overall 
level of quantitative understanding of the factors that are 
currently controlling water quality. This process is concerned 
with: llidentifying factors and -phenomena which are understood; 
and 2) defining those water quality situations and observations 
which cannot be defined by measured phenomena or a "consistent" 
quantitative representation of the system. 

C.2 Computer Coding Explanation 

The following pages, identified as Figure C-1, display a copy of 
the BASIC language coding used for one of the BOD/DO model 
calibrations. The line numbers along the left margin will be 
used for reference in the following discussion. 

Lines 11-80 provide information for the programmer's reference 
and define constants that will be used in subsequent 
formulations. Lines 90-120 define respectively, the number of 
segment interfaces, the number of segments and the number of 
upstream and downstream boundaries. Lines 130-160 allocate 
memory space for all the data arrays. Lines 165-196, 285 and 315 
permit the treatment plant flow to be user-entered from the 
keyboard. Other flow values are fractions of the input flow. 
Lines 170-190 and 260-220 enter first the interface information, 
then boundary conditions and finally other system information 
including volumes, reaction rates, loads and sink/source terms. 
Lines 200-250 and 300-360 allow a user-entered temperaJure to be 
input with subsequent conversions from equivalent 20 C values. 
Lines 370-590 set up the matrix equation coefficients including 



TEST FOR VSBASIC 

FILE CONTROL NOT FREED, IS NOT ALLOCATED 
FILE MYPROG NOT FREED, IS NOT ALLOCATED 
FILE INPUT NOT FREED, IS NOT ALLOCATED 
DATE: 83-017; TIME: 14:48:59.1 
RUN MYPROG SOURCE, LISTIGOI I!JPUT=INPUT 
00000010 

11 OPTION LPREC 
12 REM VSBAS IC MODIFICA'PION OF PR3GRhM SARBAY/JULY 1982 
30 REM RESEGMENTED BAY MODEL 
40 REM AUGUST DATASET ( 1982 ) /  BOD/DO MODEL 
50 REM DSN=PBADO 
60 A9=0 
70 F9=30.48**3*3600*24/1000 
80 ~8=160900**2*30.48/1000 
90 lY7=36 
100 N7=21 
110 N1=4 
120 N2=4 
130 DIM I(36),J(36),Q(36),E(36),A(36),L(36),Gt21,21).,H(21,21) 
140 DIM F(21),C(21),K(21),B(21)IW(21),D(21),P(21)IS(21) 
150 DIM V(21) ,M(4) ,N(4) ,0(4) ,R(4),T(4),U(4) 
160 DIM X(4),Y(4),Z(4),@(4),#(21,21),$(21,21) 
165 PRINT "ENTER S T P  FLJW IN NGD?"  
166 INPUT Q9 
168 Q9=Q9*1.54 
170 FOR I9=1 TO M7 
180 RZAD I(I9),J(I9),Q(I9),E(I9),A(I9),L(I9) 
190 N E X T  19 
195 MAT 3=(29)*2 
200 PRINT " E N T i R  AVERAGE BAY TZXPERATURE IN DEGREES CELCIUS?" 
210 INPUT T4 
220 T5=T4-20 
230 T6=1.045**T5 
240 T7=1.02**T5 
250 T8=1.08**T5 
260 FOR 19=1 TO N1 
270 RE.W M(I9),0(19),T(I9),X(19),Z(I9) 
280 N E X T  I9 
285 MAT T=(Q9)*T 
290 FQR I9=1 TO N2 
300 REAil N(I~),R(I~),u(I~),Y(I~),~(I~) 
310 NEXT 19 
315 WAT U=(Q9)*U 
320 NAT 3EAD V,K,B,W,D,P,S 
330 MAT V=(28.32IfV 
340 N A T  K=(TS)*K 
350 MAT B=(T7)*B 
360 MAT S=(T8)*S 
370 FOR K9=1 TO X7 
380' N6=I( Kg) 
390 N5=J(K9) 
400 A7=Q(K9)*.5"9 
410 B~=E(K~)*A(K~)/L(K~)*F~ 
420 G(X6 ,N5)=A7+37+G(N6,N5) 
430 G(N6,N6)=A7-37tG(N6,M) 

BAY MODEL P R O G R A M  LISTING 
S A R A S O T A  B A Y  STUDY 



440 G ( N S , N ~ ) = - A ~ + B ~ + G ( N ~ , N ~ )  
450 G ( N S , N ~ ) = - A ~ - B ~ + G ( N ~ , N ~ )  
460 NEXT R9 
470 MAT H=G 
480 FOR K9=1 TO N7 
490 H(K~,K~)=G(K~,K~)-v(K~) *R(K~) 
500 F(Kg)=-W(K9)*453590+~(~9) 
510 NEXT K9 
520 FOR I9=1 TO N1 
530 H(M(I9) ,M(I~))=H(M(I~) ,M(Ig) I+(-0(19)+~(19)*.5)*Fg 
540 F ( M ( I ~ ) ) = F ( M ( I ~ ) ) - ( O ( I ~ ) + T ( I ~ ) * . ~ ) * X ( I ~ ) * F ~  
550 NEXT 19 
560 FOR I9=1 TO N 2  
570 H(N(I~),N(I~))=H(N(I~),N(I~))-(R(I~)+U(I~)*.~)*F~ 
580 F ( N ( I ~ ) ) = F ( N ( I ~ ) ) - ( ~ ( I ~ ) - U ( I ~ ) * . ~ ) * Y ( I ~ ) * F ~  
590 NEXT I9 
600 MAT H=(.0000001)*H 
610 MAT $=INV(H) 
620 MAT $=(.0000001)*$ 
630 LtqT H=(1OOOOOOO )*H 
640 MAT #=TRN($) 
650 MAT C=F*# 
660 IF A9=0 THEN PRINT " F I R S T  VARIABLEn E L S E  PRINT "SECOND VARIABLE" 
670 FOR M9=1 TO 21 . .  
680 PRINT M9,C(M9) 
690 NEXT M9 
700 PRINT 
710 FOR 19=1 TO 21 
720 F(I~)=C(I~)*V(I~)*K(I~)*(-~) 
730 NEXT 19 
740 MAT K=B 
750 FOR I9=1 TO 21 
770 P(I9)=P(I9)*V(X9) 
780 NSXT 19 
790 XAT F=FtP 
800 ?AT W=D 
810 FOR 19=1 TO 21 
820 S(I9)=S(I9)*V(I9) 
830 SEXT 19 
840 MAT F=F-S 
850 MAT Y=@ 
860 M,AT X = Z  
870 A9=A9+1 
880 IF A 9  = 2 THEN 1530 ELSE 480 
890 REM BOUND-WY CONDITIONS ALYD SYSTEM CONFIGU4ATION 
892 REM THIRD TZRM IS FRACTION OF STP FLOW 
900 DATA 2,1,0.20,. 80,293,1020 
910 DATA 3,2,1.20,. 90,816,800 
920 DATA 4,3,1.20,.90,244,1500 
930 DATA 19,18,0.50, .50,16300 ,1300 
940 DATA 5,15,0.40,0.5,5800,2900 
950 DATA 7,8,0.15 ,I .0,182GO ,3800 
960 DATA 7,5,0.40,1.0,33590,2900 
970 DATA 12,5, .  20,l.O ,11600,5700 
980 DATA 12,7,0.85,1.0,13i30~5300 
990 DATA 7,10,0,1.0,29000,3900 
1000 DATA 8,10,0.05,1.0,28200,3100 
1.010 DATA 8,9,0;i.0,14~00,4300 
1020 DATA 6,4,0.10,0.5,6200,2100 
1030 DATA 9,6,0.10,1.0,26800,2600 

FIGURE C - 1  8 
BAY MODEL PROGRAM LISTING 
SARASOTA BAY S T U D Y  



1 0 4 0  DATA 2 1 f 9 f 0 . 1 0 , 1 . 0 t 5 8 9 0 0 , 3 6 0 0  
1 0 5 0  DATA 10,21,0.10,1.0f32300,6700 
1 0 5 5  DATA 9 , 1 1 , 0 , 1 . 0 , 2 5 0 0 0 , 5 0 0 0  
1 0 6 0  DATA 13,12,1.20,1.0,80500f7000 
1 0 7 0  DATA 14,13,1.20,1.0,11810Of72O0 
1 0 8 0  DATA 15,14,0.00,1.0,236000,13000 
1 0 9 0  DATA 15,13,0.00,1.0,58600,9300 
1 1 0 0  DATA 15,12,0.00,1.0,80000,9000 
1 1 1 0  DATA 15,10,0.00,1.0,57200111600 
1 1 2 0  DATA 1 2 , l o  , 0 . 1 5 , 1  . O f  3 2 3 0 0 , 7 4 0 0  
1 1 3 0  DATA 8 , 2 0 , 0 , 0 . 5 , 1 4 1 0 0 , 2 0 0 0  
1 1 4 0  DATA 8,19,0.20,0.5,14100,2000 
1 1 5 0  DATA 20,17,0.00,0.5,16900,1300 
1 1 6 0  DATA 17,18,0.00,0.25,6000f1900 
1 1 7 0  DATA 18,4,0.50,0.25,16900,900 
1 1 8 0  DATA 17,16,0 .20 ,0 .25 ,16900f900 
1 1 9 0  DATA 5 , 1 7 , 0 . 2 0 , 0 . 5 , 5 8 0 0 , 2 9 0 0  
1 2 0 0  DATA 16,4,0.60,0.25,6000,1900 
1 2 1 0  DATA 6 , 1 8 , 0 . 0 0 , 0 . 5 , 6 2 0 0 , 1 9 0 0  
1 2 2 0  DATA 19,9,0.00,0.5,14500,3300 
1 2 3 0  DATA 7,20,0.30,0.5,18200,2900 
1 2 4 0  DATA 20,19,0.30,0.5,15400,1900 
1 2 5 0  REM UPSTREAicI A/WHITAKER,B/BIG PASS ,C/NEW PASS ,D/NEW PASS 
1 2 6 0  DATA 1 , 1 3 , 0 . 0 , 3 . 0 , 1 . 2  
1 2 7 0  DATA 1 1 , 2 4 7 4 , , 0 , 3 . 0  , - 0 . 5  
1 2 8 0  DATA 1 0 , 2 8 1 3 , 0 , 4 . 7 , - 0 . 5  
1 2 8 5  DATA 2 1 , 5 6 2 0 , 0 , 4 . 7 , - 0 . 5  
1 2 9 0  REM DOWSTREAY A / R ~ B E ~ T S , B / N E W  PASS,C/NORTH BAY,D/NORTH BAY 
1 3 0 0  DATA 1 1 , 3 7 0 6 , 0 , 3 . 0 , - 0 . 5  
1 3 1 0  DATA 1 5 , 4 1 9 , 0 , 4 . 7 , - 0 . 5  
1 3 2 0  DATA 1 5 , 7 0 7 , 0 , 3 . 5 , 0 . 0  
1 3 3 0  DATA 1 4 , 1 3 6 0 , 1 . 2 0 0 3 . 5 f 0 . 0  
1 3 4 0  REM VOLUMES 
1 3 5 0  DATA 1 9 2 0 0 0 , 5 5 2 0 0 0 , 1 0 0 0 0 O 0 , 1 2 6 O 0 0 0 0 , 4 5 0 0 0 0 0 0 , 1 5 0 0 0 0 0 0 f 1 2 1 0 0 0 0 0 0  
1 3 6 0  DATA 5 5 3 0 0 0 0 0 , 1 2 5 0 0 0 0 0 0 , 1 8 7 0 0 0 0 0 0 1 1 9 8 0 0 0 0 0 0 f 5 4 5 0 0 0 0 0 0  
1 3 7 0  DATA 7 2 5 0 0 0 0 0 0 , 0 6 0 0 0 ~ 0 0 0 1 9 6 9 0 0 0 0 0 0 f 1 2 6 0 0 0 0 0 , 1 0 9 0 0 0 0 0  
1 3 8 0  DATA 1 0 9 0 0 0 0 0 , 2 8 6 3 0 0 0 0 , 3 1 5 0 0 0 0 0 f 1 3 2 0 0 0 0 0 0  
1 3 9 0  REH BOD REACTION RATSS 
1 4 0 0  DATA 1.5,1.5,1.5,.14,.14,.14f.14f.141.14f.14f.14 
1 4 0 2  DATA .14,.14,.14,.14,.14f.14f.14f.14f.14f.14 
1 4 1 0  REM REAiiATION R.%I'3S 
1 4 2 0  DATA 0.61,0.38,0.37,0.30,0.32,0.49,0.22,0.24,0.27,0.26,0.22 
1 4 2 1  DATA 0 . 2 5 , 0 . 2 3 , 0 . 2 7 , 0 . 3 2 , 0 . 3 0 , 0 . 2 9 , 0 . 2 9 f 0 . 2 3 , O . 2 I - f 0 . 3 O  
1 4 4 0  R E M  BOD-ULT LO.A.3S BY SEGHENT/LBS P E R  D A Y  
1 4 5 0  DATA 1 1 1 7 , 3 3 9 1 , 0 , 0 , 0 , 0 f 0 f 0 , 0 f 0 f 3 0 0 f 0 , 0 I 1 1 7 5 , 0 f 0 f 0 f 0 f 0 f 0 f 0  
1 4 5 5  REM DEFICIT LOADS 
1 4 6 0  DATA O , O , O , O , O , O , O , O , O , O ~ O f O f O f O I O f O f O , O f O f O f O  
1 4 6 5  REM P-R TERMS i 3 Y  SSGWSNT 
1 4 7 0  DATA 2 . 4 , 2 . 2 , 3 . 3 , 2 . 2 , 2 . 6 , 3 . 4 , 2 . 7 , 2 . 8 , 3 . 3 , 3 . 2 , 2 . 1  
1 4 7 5  CATA 2.5,1.6,3.4,2.4,2.4,2.5,2.5,2.1,1.9,3.9 
1 4 7 8  R?H SOD RATES B Y  SEGXZNT 
1 4 8 0  DATA 2.84,1.80,1.74,1.07,1.28f1.96f0.84,0.92,1.0510.94f0.87 
1 4 9 0  DATA 0 . 9 7 , 0 . 3 2 , 1 . 0 5 , 1 . 2 8 f 1 . 0 7 f 1 . 2 4 , 1 . 2 4 I 0 . 8 9 f 0 . 8 1 ~ 1 . 3 2  
1 5 3 0  END 

ENTZR STP FLOW I N  WGD? 
3 . .  
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