s mn un b om “e

wﬁi

SOUTHWEST FLOTINA RIGIONAL
mr..H;mu a LUUNSIL
Citizens Partivioziun Program
2:21 W. First Street
Fort Myers, Florida 33901
(813) 334-7382, Ext. 34

"

gsection 208

NPT
P Hn

= /‘/
% E/
=
—%
="

~\
e

COLLIER

o A=
NN RE

FINAL WATER QUALITY REPORT

A TLAE

run 1nc

CHARLOTTE HARBOR STUDY AREA

%) /=

M=

T




FINAL WATER QUALITY REPORT FOR THE

CHARLOTTE HARBOR STUDY AREA

Prepared For:

Southwest Florida Regional Planning Council

Prepared By:

ENVIRONMENTAL SCIENCE AND ENGINEERING, INC.
and
Mr. Larry Hawkins
Jones, Edmunds and Associates
(Former Division Manager with
ENVIRONMENTAL SCIENCE AND ENGINEERING, INC. )

Submitted By:
ENVIRONMENTAL SCIENCE AND ENGINEERING, INC.

P. 0. Box 13454, University Station
Gainesville, Florida 32604

November, 1977

The preparation of this report was financed through a
Water Quality Management Technical Assistance Planning Grant from the
U.S. Environmental Protection Agency under provisions of Section 208 of
the Federal Water Pollution Control Act Amendment, 1972 (P.L. 92-500).

PROPERTY OF
Southwest Florida
Regioual Planning Council



TABLE OF CONTENTS

Section
LIST OF TABLES
LIST OF FIGURES
INTRODUCTION
*1.0 DESCRIPTION OF STUDY AREA

1.1 Water Resources

1.2 Topography of Watersheds

1.3 Soil Types of Watersheds

1.4 Predominant Land Uses in Watersheds

1.5 Significant Meteorological and Climatologic
Features

1.6 Water Quality as Indicated by Available Data

1.7 Reasons for Selection as a Study Area

2.0 DESCRIPTION OF SAMPLING PROGRAM INCLUDING BASIS FOR
DESIGN

*2.1 Original Program

*2.2 Modified Program

2.3 Productivity Sampling

*3.0 DISCUSSION OF BASELINE SAMPLING RESULTS-~
SPECIFICATION OF EXISTING WATER QUALITY

3.1 Chemical, Physical, and Bacteriological
Constituents

3.2 Vertical Profiles of Three Physical Constituents

3.3 Comments Regarding Extent to Which Sampling
Satisfied Basis for Inclusion

14
15
17
18

20
21
24

24
32
39
48

48

65



TABLE OF CONTENTS

(Continued)
Section | Page
3.4 Water Quality Based on A1l Available Data 66
3.5 Intensive Sampling 97
4.0 DISCUSSION OF STORM EVENT SAMPLING RESULTS 103
4.1 Introduction 103
4.2 Open Land Site--Station H-R2 107
4.3 Residential Canal Development--Stations H-R3 116
and H-R4
4.4 Summary 123
5.0 ESTIMATION OF POLLUTANT LOADINGS FOR PRESENT AND 125
FUTURE CONDITIONS
5.1 Analysis Techniques for Calculations and 125
Projection of Nonpoint Source Loads
5.2 Nonpoint Pollutant Loads 132
5.3 Analysis Techniques for Calculation and 149
Projection of Point Source Loads
5.4 Point Source Pollutant Loads 150
5.5 Total Pollutant Loads 154
6.0 PREDICTIONS OF WATER QUALITY ASSUMING NO NONPOINT 158
SOURCE CONTROLS
6;1 1978, 1983, 1988, 1993, 1998 Projections 167
7.0 RESULTS OF PRODUCTIVITY STUDY 170
7.1 Field Measurements 176
7.2 Systems Comparison 198

7.3 Discussion 203

i



TABLE OF CONTENTS
(Continued)

Section Page
8.0 DISCUSSION OF AREA WATER QUALITY GOALS AND OBJECTIVES 207

8.1 Section 303 a), b), and c); and 40 CFR 130.17(c) 207
Requirements

8.2 Study Area Water Resource Management Objectives 207

8.3 Water Quality Management Criteria Recommendations 221

9.0 DISCUSSION OF DEFICIENCIES IN WATER QUALITY 226
*9.1 Present Conditions 226

9.2 Maximum Allowable Loads 229

9.3 Necessary Reductions in Present and Future 231

Projected Loads

*9.4 MWater Quality Standards Revisions Recommendations 232

*9.,5 Future Study Recommendations 232

*These sections were prepared by Mr. Larry Hawkins.



Table
2.1-1

2.1-2
2-2-1

2.3-1

2.3-2

2.3-3

2.3-4

2.3-5

2.3-6

2.3-7

2.3-8

2.3-9

2.3-10

LIST OF TABLES

Summary of Land Use Limitations Due to Soil
Associations Present

Charlotte Harbor Study Area

Dominant Land Uses--Storm Event Sampling Sites,

Charlotte Harbor

Water Quality Data
with Mean Values

H-T1 and H-TZ2.

Water Quality Data
with Mean Values
H-T3 and H-T4.

Water Quality Data
with Mean Values
H-T5 and H-T6.

Water Quality Data
with Mean Values

H-T7 and H-T8.

Water Quality Data
with Mean Values
H-T9 and H-T10.

Water Quality Data
with Mean Values
H-T11 and H-T12.

. Water Quality Data

with Mean Values
H-B1 and H-B2.

Water Quality Data
with Mean Values
H-B3 and H-B4.

Water Quality Data
with Mean Values
H-B5 and H-B6.

Water Quality Data
with Mean Values
H-B7 and H-BS8.

Study Area

Maximum and Minimum Concentrations
for Period Sampled at Stations

Maximum and Minimum Concentrations
for Period Sampled at Stations

Maximum and Minimum Concentrations
for Period Sampled at Stations

Maximum and Minimum Concentrations
for Period Sampled at Stations

Maximum and Minimum Concentrations
for Period Sampled at Stations

Maximum and Minimum Concentrations
for Period Sampled at Stations

Maximum and Minimum Concentrations
for Period Sampled at Stations

Maximum and Minimum Concentrations
for Period Sampled at Stations

Maximum and Minimum Concentrations
for Period Sampled at Stations

Maximum and Minimum Concentrations
for Period Sampled at Stations

iv

49

50

51

52

53

54

55

56

57

58



List of Tables (Continued)

Table Page

2.3-11 Water Quality Data Maximum and Minimum Concentrations 59
with Mean Values for Period Sampled at Stations
H-B9 and H-B1O.

2.3-12 Water Quality Data Maximum and Minimum Concentrations 60
with Mean Values for Period Sampled at Stations
H-B11l and H-B12.

2.3-13 Water Quality Data Maximum and Minimum Concentrations 61
with Mean Values for Period Sampled at Stations
H-B13 and H-B14.

2.3-14 Water Quality Data Maximum and Minimum Concentrations 62
with Mean Values for Period Sampled at Stations
H-B15 and H-B16.

2.3-15 Water Quality Data Maximum and Minimum Concentrations 63
with Mean Values for Period Sampled at Stations
H-B17 and H-B18.

2.3-16 Maximum and Minimum Concentrations and Mean Values 67
Compared to Segment Water Quality Criteria for
Station H-T1.

2.3-17 Maximum and Minimum Concentrations and Mean Values 68
Compared to Segment Water Quality Criteria for
Station H-TZ.

2.3-18 Maximum and Minimum Concentrations and Mean Values 69
Compared to Segment Water Quality Criteria for
Station H-T3.

2.3-19  Maximum and Minimum Concentrations and Mean Values 70
Compared to Segment Water Quality Criteria for
Station H-T4.

2.3-20 Maximum and Minimum Concentrations and Mean Values 71
Compared to Segment Water Quality Criteria for
Station H-T5.

2.3-21 Maximum and Minimum Concentrations and Mean Values 72
Compared to Segment Water Quality Criteria for
Station H-T6.

2.3-22 Maximum and Minimum Concentrations and Mean Values 73
Compared to Segment Water Quality Criteria for
Station H-T7.



Table
2.3-23

2.3-24

2.3-25

2.3-26

2.3-21

2.3-28

2.3-29

2.3-30

2.3-31

2.3-32

2.3-33

2.3-34

List of Tables (Continued)

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-T8.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for

Station H-T9.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-T10.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-T11.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-T12.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-Bl.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B2.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B3.

. Maximum and Minimum Concentrations and Mean Values

Compared to Segment Water Quality Criteria for
Station H-B4.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B5.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B6.

Maximum and Minimum Concentrations and Mean Values

Compared to Segment Water Quality Criteria for
Station H-B7.

vi

75

76

77

78

79

80

81

82

83

84

85



Table

2.3-35

2.3-36

2.3-37

2.3-38

2.3-39

2 . 3—40

2.3-41

2.3-42

2.3-43

2.3-44

2.3-45

2.5-1

List of Tables (Continued)

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for -
Station H-BS8.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B9.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B1O.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B1l.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-Bl2.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B13.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B14.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B15.

~Maximum and Minimum Concentrations and Mean Values

Compared to Segment Water Quality Criteria for
Station H-B16.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B17.

Maximum and Minimum Concentrations and Mean Values
Compared to Segment Water Quality Criteria for
Station H-B18.

Imperviousness Factors According to Land Use,
Charlotte Harbor

vii

87

88

89

90

91

92

93

94

95

96

129



Table

2.5-2

20 5_3

2.5-4

2-5-5

2.5-6

2.5-7

2.5-8

2.5-9

2.5-10

2.5-11

2.5-12

2.5-13

2.5-14

2.5-15

2.5-16
2.5-17
2.6-1

List of Tables (Continued)

Charlotte Harbor Study Area, Land Use Acreages,

Subwatershed 1.
Charlotte Harbor Study Area, Land Use Acreages,
Subwatershed 2.

Charlotte Harbo
hed

Cithiiatnnme
SUUWaLTT ol

Study Area, Land Use Acreages,

r
2
S

Charlotte Harbor Study Area, Land Use Acreages,
Subwatershed 4.

Charlotte Harbor Study Area, Land Use Acreages,

Subwatoerched §
wWAMITWU b\l DN\ ~ e

Charlotte Harbor Study Area, Land Use Acreages,
Subwatershed 6.

Charlotte Harbor Study Area, Land Use Acreages,
Subwatershed 7.

Charlotte Harbor Study Area, Subwatershed Percent
Imperviousness.

Charlotte Harbor Study Area, Nonpoint Loads (Loading
Factors) for Total Nitrogen and Total Phosphorus.
Charlotte Harbor Study Area, Nonpoint Loads (Loading
Factors) for Total Nitrogen and Total Phosphorus.

Charlotte Harbor Study Area, Nonpoint Loads (Loading
Factors) for Total Nitrogen and Total Phosphorus.

‘Charlotte Harbor Study Area, Nonpoint Loads (Loading

Factors) for Total Nitrogen and Total Phosphorus.

Point Source Loads--Punta Gorda Wastewater Treatment
Plant (1976)

Point Source Loads--Mary Lu Trailer Court Facility
(1976)

Charlotte Harbor Total Nitrogen Loads
Charlotte Harbor Total Phosphorus Loads

Charlotte Harbor Water Quality Analysis Calibration

viii

Page
134

135

136

137

138

139

140

141

143

144

145

146

151

152

156
157
164



Table
2.6-2

2.7-1

2.7-2

2.7-3

2.7-4

2.7-5

2.7-6

2.7-17

2.7-8

2.7-9

2.7-10

2.7-11

2.7-12

List of Tables (Continued)

Charlotte Harbor Water Quality for August, Existing
and Projected

Productivity Summary for Charlotte Harbor North,
June 18, 19, and 20, 1977

Productivity Summary for Charlotte Harbor South,
June 18, 19, and 20, 1977

Mean Wind and Water Current Velocities, Water Depths,
Temperatures and Salinities for Charlotte Harbor
During Diurnal Measurements, June 18-23, 1977

Light Extinction Coefficients from Submarine Photometer
and Secchi Disc Data for Charlotte Harbor,
June 18-23, 1977

Comparison of Solar Insolation, Light Penetration, and
Photosynthetic Efficiencies, Charlotte Harbor,
June 18-23, 1977

Estimated Levels of Plankton Metabolism (g 0/mZ2/day)
in Charlotte Harbor, June, 1977

Estimated Levels of Phytoplankton in Samples Taken
at High and Low Tides in Charlotte Harbor;
June 18 to 20, 1977

Phytoplankton Biomass* in Samples Taken at High
and Low Tides in Charlotte Harbor; June 18 to 20,
1977

- Diversity of Phytoplankton Species Collected in High

and Low Tide Samples in Charlotte Harbor;
June 18 to 20, 1977

Percent Composition, By Class, of Phytoplankton Counted
in Samples Collected in Charlotte Harbor; June 18 to
20, 1977

Zooplankton Concentrations, Dry Weights, Ash-free Dry
Weights, and Diversities, Charlotte Harbor,
June 18-20, 1977

Zooplankton Taxon Abundance (individual/m3);
Charlotte Harbor Study Area; June 18-20, 1977

ix

173

176

178

179

181

183

184

185

187

188

191



Table

2.7-13

2.7-14

2.7-15

2.7-16

List of Tables (Continued)

Zooplankton Taxon Abundance (individual/m3);
Charlotte Harbor Study Area; June 18-20, 1977

Abundance, Biomass (dry weight), and Diversity of
Benthic Macroinvertebrates Collected by Ponar
Grabs at Stations in Charlotte Harbor,

June 18-20, 1977

Mean Concentrations of Chlorophyll a* Measured
in Samples Taken at High and Low Tides in
Charliotte Harbor; June 18 to 20, 1977

Summary of Results of System Analysis Based on the
Evaluated Diagram for Estuarine Area, June, 1977

197

200



Figure
2.

2.

N

NN

N NN NN

1-1
2-1

.2-2

.3-3
.4-1

.4-3
4-4
.4-5
.4-6
4-7

.4-9

.4-10
L4-11
.4-12

LIST OF FIGURES

Sampling Station Locations, Charlotte Harbor Study Area

Storm Event Sampling Site Locations, Charlotte Harbor
Study Area

Intensive Sampling Station Locations, Charlotte Harbor
Study Area

An Energy Circuit Model of an Estuarine Bay Ecosystem

Productivity Sampling Stations Location: Charlotte Harbor
Study Area

Water Quality Versus Harbor Location, Intensive Survey,
Charlotte Harbor Study Area

Water Quality Versus Harbor Location, Intensive Survey,
Charlotte Harbor Study Area

Peace River Discharge at Arcadia During Intensive Sampling
Hydrograph at H-R2

Total Nitrogen Pollutograph at H-R2

Total Nitrogen Loadograph at H-R2

Total Phosphorus Pollutograph at H-R2

Total Phosphorus Loadograph at H-R2

‘Lead Pollutograph at H-R2

Lead Loadograph at H-R2

Hydrograph at H-R4

Total Nitrogen Pollutograph at H-R3
Total Phosphorus Pollutograph at H-R4
Total Nitrogen Pollutograph at H-R4

Total Phosphorus Pollutograph at H-R4

X1

38

41
45

98

99

101
109
110
111
112
113
114
115
118
119
120
121
122



Figure
2.5-1

2.5-2
2.6-1

2.6-2

2.6-3

2.7-1

List of Figures (Continued)

Percent Imperviousness Vs. Runoff Coefficient
Watershed Delineation, Charlotte Harbor Study Area

Substance Concentration Versus Distance Along Estuary--
Reactive System

Charlotte Harbor Segmentation
Charlotte Harbor Pollutant Loading Points

Evaluated Ecosystem Model for Charlotte Harbor

X1

Page
130

133
159

161
162
199



INTRODUCTION

This document is a final technical report covering the latter stages of
water quality analysis work performed as part of the Southwest Florida
Section 208 Program. It has been written and produced to provide
technical information for a variety of intended uses. First, it is
intended to document technical services performed; second, it communi-
cates to other members of the 208 project team the pollutant loads and
water quality projections it contains so that subsequent technical
planning may be accomplished using the data provided; third, it is
intended to inform area advisory groups of water quality analysis
results in order for them to provide needed input to the planning
process; and fourth, it should be suitable to be included in selected
portions of the initial 208 Water Quality Management Plan for the

Southwest Florida Region.

In 1975 the water quality management planning process began for the
southwest Florida region. Staff members of the Southwest Florida
Regional Planning Council initiated Section 208 efforts for the six-
county designated planning area. Receiving water bodies in Sarasota,
Charlotte, Glades, Hendry, Lee, and Collier counties were soon to
become objects of a comprehensive process dedicated to improving and
preserving good water quality. The focus of this effort was to achieve
1983 water quality goals wherein waters could sustain aquatic life and

safely support human body contact.



By mid-year 1975 the 208 project staff had organized the planning
region into four hydrologic basin areas: Coastal Sarasota, Charlotte
Harbor, Caloosahatchee River, and Big Cypress Basins. Advisory groups
were chartered from each of the basins and asked to provide input to
the planning process. After deliberation, each of these groups
formulated statements of water quality concerns and needs for their

respective areas.

In late fall of 1975 the Council staff completed a consultant selection
process, choosing two water quality-oriented firms to provide technical
expertise to the 208 program. Environmental Science and Engineering,
Inc., was selected to provide services in the fields of water quality
and environmental impact assessments. Post, Buckley, Schuh, and
Jernigan, Inc., was selected to provide services in the area of waste

controls engineering and financial and institutional management.

During the first half of 1976, the consultants and staff worked
together to develop and draft a detailed Plan of Study (P0S). The pur-
pose of this POS was to serve as a comprehensive work plan and guide
for the remainder of the program. Developing the POS involved a series
of activities. Among these were:

1. Collection of all available water quality and related data;

2. Cataloging and assessing this data;

3. Detailed specification of water quality throughout the region

as given by existing data;
4. Identification of existing and potential sources of water

pollution;



5. Presentation of data gathering results to basin advisory
groups;
6. Ranking of region water pollution problems;
7. Selection of problems to be addressed during the initial
- planning process;
8. Specification of activities, time frames, and budgets required
to address the selected problems; and
9. Securing state and federal agency approval to commence work
according to the proposed POS developed.
Florida Department of Environmental Regulation and U.S. Environmental
Protection Agency approvals were forthcoming, and the initial water

quality management planning process began.

The POS, as developed, focused on performing a group of case studies
which would provide needed management planning information relevant to
the entire region. Among the case studies selected were the Phillippi
Creek, Charlotte Harbor, Caloosahatchee River, and Big Cypress Area
Case Studies. The details of each of these are presented in this docu-
ment and will not be discussed in this introduction. Included here are

general comments pertinent to all the studies.

The planned work efforts in each of the case studies were similar. In
the sections and subsections of this document are major portions of the
case study results. The composition of this document refiects the
overall work program of the case study, therefore an overview of the

work effort is given by this introduction to this document.



Several sections are included which serve as a recount of much of the

initial planning process.

The first section presents a description of the case study area. This
description summarizes the results of the early POS development phase
of the program. However, some more recently gathered information is

included.

Although the POS included designs of water quality sampling programs,
an early portion of subsequent work was the refinement of those
designs. The second section summarizes the water quality sampling

programs instituted.

The third and fourth sections present results of sampling efforts.
Section 3.0 details findings of background and intensive sampling

programs, while Section 4.0 contains storm event sampling results.

A significant effort has been made reducing and evaluating the water
quality data gathered during sampling. The resulting information was
then used to project future pollutant loading to the major waterways in
the case study area. In Section 5.0 explanations of this loading
forecasting process are given. Section 6.0 contains the results of the
application, of these processes. Projections of water quality from
point and nonpoint sources of pollution are made for 5-year increments

for the next 20 years.



The seventh section is devoted to presentation of results from
biologically-oriented, diurnal sampling. This effort was carried out
as a parallel to the other sampling efforts, the results of which are

discussed in Sections 3.0 and 4.0.

In Section 8.0 water quality management planning goals are discussed
for the study area. Included are explanations of general 208 goals and
objectives and relevancy of the specific goals of the case study to

general program goals.

The gonc]uding section presents the principal results of the water
quality portion of the 208 program. Specification of maximum permis-
sable pollutant loads is made, and corresponding requirements for
cutbacks in projected pollutant loads to meet the maximums are given.
Also included are suggestions for further planning work, which may be

incorporated into the continuing planning process.

Not every significant aspect of the work efforts performed is included
in this.document. To include all would require a much larger document.
What is included is an overview of the entire planning process along
with elaboration on the latter stages of work during which the impor-
tant water quality projections were made. Earlier work is thoroughly

documented in interim documents which have been submitted to the 208



project staff. Included among these are several reports delivered
during the development of the POS, a detailed sampling program design
document, an interim report on region water quality, and a
comprehensive presentation of technical procedures to be used in making
waste load projections. Also, supporting data of various types are
presented in appendices to this report, which have been produced as

separate volumes.
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1.0 DESCRIPTION OF STUDY AREA
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Water Resources

Physical Description of Study Area
Charlotte Harbor, 60 miles south of Tampa Bay and about 140 miles north-
west of Miami, on the Gulf coast of Florida, is one of the largest and

perhaps least contaminated of the estuarine systems in the state.

The Charlotte Harbor system, a complex drowned estuary, is enclosed by a
series of barrier islands, and includes the harbor itself, Pine Island

Sound, Gasparilla Sound, Matlacha Pass, and San Carlos Bay. Of the five
principal passes from the Gulf of Mexico into Charlotte Harbor, the deep

water channel at Boca Grande is the largest and most important.

The Charlotte Harbor estuary is about 35 miles long and 30 miles wide at
its southern extremes and has more than 200 miles of shoreline, not

including small mangrove islands, with over 280 square miles of water area.

Huang and Goodell (1967) classified the Charlotte Harbor system into four
zones: |
1. Broad, shallow estuaries with central deep narrow channels con-
nected to the tidal channels of the harbor;
2. Zero to six feet deep shallow lagoons, sounds, and sand and grass
flats which contain many keys and small islands;
3. Slopes adjacent to the channels whose depth varies from six to
twelve feet or more; and

4. Channels deeper than twelve feet.



The average depth is ten to twelve feet. Boca Grande, with a maximum

depth of fifty-one feet, is the deepest channel in the harbor.

An estimated rise in mean sea level of 10 feet over the past 4,000 years

has given Charlotte Harbor its present shape and depth.

The Tand adjacent to Charlotte Harbor has a surface geology almost
entirely consisting of post-Eocene rocks which are primarily limestones

and dolomites with minor amounts of quartz sand, clay, and phosphate.

Depths of as much as ten feet of unconsolidated sediments of recent age
consfsting of fine quartz sand have been found throughout most of the
“estuary. Coarse, shelly sands are found only in passes and channels, and
silts and clays are deposited in areas near the mouths of major streams.
The major tributary rivers have a very flat grade near their mouths and,
consequently, do not contribute large sediment loads to the estuary during
nonflood-stage periods. Only minor erosion and deposition had occurred

in the harbor system during the 100-year period up to 1967.

Sources of municipal water supply are the Hawthorne-Tampa aquifer in north
Charlotte County and south Lee County; the Floridan Aquifer in the islands
of Charlotte Harbor; and shallow sand aquifers, including pleistocene

sand-and-shell aquifer, Tamiami formation, and nonartesian aquifers in the

remainder of Charlotte and Lee counties.

A1l but the extreme northeast tip of Charlotte County within the Peace River

drainage basin lies in an area of artesian flow from the Floridan Aquifer,
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Shell Creek subp]ies all of Punta Gorda's water at an average rate of
pumping of 1.82 mgd!; the Myakka-Hatchee River serves as the supply source
of North Port Charlotte at an average use of 0.25 mgd; Port Charlotte
receives 92 percent of its 1.46 mgd water supply from the Fordham Waterway.

Arcadia receives its water supply from the Peace River.

Hydrographic Description

Charlotte Harbor tides are of a mixed diurnal and semidiurnal type with a
maximum amplitude of 3 feet or less under normal weather conditions. The
U.S. Coast and Geodetic Survey Tide Tables give the mean diurnal spring
tidal range as 1.9 feet at Punta Gorda. The tidal rise in Boca Grande is
less than in the San Carlos entrance, which it lags by 15 minutes.

Flood and ebb currents for all major inlets in the Charlotte Harbor estuary
except at San Carlos Pass are in an east-west direction. In Boca Grande
Pass the maximum flood current is 1.8 knots at 55 degrees, the maximum ebb
current is 2.2 knots at 250 degrees, and the median tidal range is 1.7 feet.
Stightly higher ebb than flood velocities are observed because the fresh-

water diécharge of the tributary rivers exceeds the tidal inflow of water.

Tidal currents in the inlets and passes, especially ebb currents, are
strong during normal tidal conditions; however, current velocities of 2.4
to 3.0 knots may be reached during abnormal wind conditions, and consid-
erably increased velocities dangerous to life and property, would be

caused during major storms.

'U.S.G.S. Water Resources Data from Florida Water Year 1975.



Gunter and Hall (1965) recorded saltwater wedges well upstream in the
Myakka and Peace rivers during periods of iow streamfiow and high tide.
However, fresh water from the rivers causes a reduction in surface

salinity throughout the estuary when conditions are reversed.

Mean annual values of hydrographic data include:

Inorganic
Temperature Salinity pH 02 POu

(°C) (o/00) (mg/1) (mg/1)
Charlotte Harbor
(mouth) 27 34 8.2 --- 0.5
Peace River
(mouth) 23 18 7.5 4.0 21.2
Myakka River
(mouth) 23 15 7.5 3.2 4.0

During most of the year the harbor has a net Tongshore drift in a southerly
direction; however, in the summer when mean wind direction is southwest,
the Tongshore drift is northward. The tides which enter and leave Boca
Grande Pass and San Carlos Bay entrance, the two main inlets, are primarily

responsible for circulation in the harbor.

The agriculturel drainage canal system in the interior of Charlotte County
has been randomly developed, but the canals created for residential areas
have been planned for flood coﬁtrol, stormwater management, and waterfront

Tiving. The annual runoff of the Peace and Myakka rivers is shown:

10



Runoff

Drainage Area Minimum Maximum Average
Stream Gage (mi?) (in.) (in.) (in.)
Peace River
at Arcadia 1,367 3.91 25.55 11.87
Myakka River
at Sarasota 229 4.23 33.42 15.18

Two distinct types of flooding occur in Charlotte and Lee counties:

freshwater flooding caused by rainfall; and saltwater or tidal flooding
caused by abnormal rising of water surface of saltwater bodies. Reduced
discharge capacity of sluggish coastal streams caused by abnormal tides

due to hurricane winds aggravate the flood problem.

The greatest flood of record resulting from rainfall inundated 350 square
miles to a depth of one foot for five days in October, 1924. The greatest
tidal flood of record, which occurred in October, 1921, during the most
severe hurricane experienced in the area, left high water marks of 11 feet
at Puntd Rassa, 8 feet at Punta Gorda, and 9 feet at Fort Myers; and it
completely covered the coastal islands. A recurrence of the tidal floods
would not necessarily be disastrous, but if the tidal flood of record
(October, 1921) had happened in 1968, it was estimated to have had a

potential destructive cost of $25 to $30 million.

In a Tetter from the Secretary of the Arny to Congress dated November 22,

1967, it was recommended that federal improvements for hurricane tidal flood

1
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protection not be authorized. Although the project was economically
justified, the local parties interested were unable to support the proposed

improvements.

During periods of extended rainfall, flooding along the Myakka occurs. A
canal has been constructed to divert flood flow to the Gulf of Mexico near

Venice, but a salinity control structure within the canal was not constructed.

Identification of Principal Tributaries

The Myakka and Peace rivers are the two largest tributaries flowing into
Charlotte Harbor. The Peace and Myakka rivers are inundated by salt water
during high tide and, consequently, exhibit estuarine characteristics many

Mmiles upstream from their mouths.

The Peace River, one of Charlotte County's major sources of fresh water
and its largest river, flows at an estimated average rate of 2,270 cfs
into the northeast corner of Charlotte Harbor. The Peace River coastal
area extends from the middlie of Pine Island northward to Osprey. The
beginniﬁg of the Peace River is at the junction of Peace Creek and Saddle
Creek Canal at an elevation of about 110 feet, one mile east of Bartow.
The combined length of the Peace River and Peace Creek is 98 miles from

source to mouth; from Bartow to Arcadia it is 60 miles in length.

The Peace River has a width which varies from 60 to 200 feet, but in the
swamp found in the northern section the water is 900 to 1,500 feet across.
The maximum depth in the Peace River is 20 feet at Arcadia with the aver-

age depth generally ranging from 3 to 8 feet.
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The Peace River watershed above the U.S.G.S. gaging station at Arcadia
contains 1,367 square miles. The drainage area at the mouth of the Peace
River is 2,400 square miles. Periodic zero flow conditions occur in all

surface streams in Charlotte County except the Peace River.

Chief occupations in the Peace River basin are related to phosphate

rock mining, agriculture, and processing of crops. On June 13, 1952, the
Florida State Board of Health determined that the volume of phosphate
containing effluent from industry above Fort Meade composed 60 percent of
the volume of the flow in Peace River at Fort Meade. Inorganic P and POu
was responsible for most of the total phosphorus content of the streams.
The average fluoride and mineral content at Arcadia for the water year

ending September 30, 1964, was about 2 ppm and 160 ppm, respectively.

The drainage area of the Myakka River is about 850 square miles. The
stream has a length of about 45 miles. The Myakka has a very winding
channel and a low gradient throughout most of its Tength. In its Tower
portion, water reaches the Myakka by overland sheet flow during high
runoff périods, but in the upper reaches the channels have been cut deep
enough to receive groundwater discharge. The Myakka River flow has been

observed to range from 0 to 5,800 cfs with an annual average of about

960 cfs.

Applicable Classifications
Segment classifications for the Charlotte Harbor and tributary sampling
stations are listed as follows. Sources of segment classification criteria

are discussed in introductory sections dealing with water quality criteria.

13
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Name

Coral Cree

Lower and mid-Myakka

Big Slough
Upper Myak
Charlotte

Little Alligator Creek

k

ka
Harbor

Sam Knight Creek

Alligator
Bear Branc
Peace Rive

Shell-Myrtle Creek

Peace Rive

Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte
Charlotte

Creek
h
r

r

Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor
Harbor

Gulf of Mexico

1.2 Topography of Watersheds

Classification

Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class

Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class

ITI, Marine

ITI, Marine

I, Fresh water
I, Fresh water
II, Marine

111, Fresh water
IT1I, Fresh water
11T, Fresh water
111, Fresh water
III, Marine

I, Fresh water
I, Fresh water

11, Marine
IT, Marine
II, Marine
[T, Marine
II, Marine
IT, Marine
II, Marine
1T, Marine
IT, Marine
II, Marine
IT, Marine
IT, Marine
I, Marine
IT, Marine
11, Marine
I1, Marine
I[I, Marine
IT, Marine

0f a total of about 1,275 square miles in Charlotte and Lee counties,

345 square miles is water area under the jurisdiction of the Southwest

Florida Water Management District.

Half of the total area is located in

the coastal section and this is divided about equally into water areas and

low-lying land areas.

In the coastal section of Charlotte and Lee counties the land is up to

7 or 8 feet above mean sea level, with some spots as high as 11 feet, On

14



1.

3

Useppa Island one mound is 27 feet high. Much of the land on the islands
and along the mainland shore is five feet or less in elevation. The
average slope of the ground surface is about two feet per mile in the

coastal areas.

The interior section of the area has few developed drainace patterns; those
that exist are largely indeterminate and subject to change. With an aver-
age elevation of 30 feet rising to as high as 70 feet in the northeast
corner of the region, most of the topography is relatively flat and fea-
tureless with sheet flow drainage or drainage through manmade canals. The
interior areas generally have slopes less than two feet per mile and

contain many ponds and several large swamps.

The Peace River basin terrain has sand ridges, pine flatwoods, lake chains,

swamps, strip-mined lands, and urbanized areas.

Soil Types of Watersheds

The soils adjacent to Charlotte Harbor are mainly histosole, black, acidic,
and highly humic. Most of the associations of soils within Charlotte

County and Lee County consist of poorly drained, sandy soils.

A summary of the limitations on land use due to soil types in Charlotte and
Lee counties is presented in Table 2.1-l«These ratings were obtained from
General Soil Association Maps prepared by the Bureau of Comprehensive
Planning, Division of State Planning of the Florida Department of Admin-

istration. Most of the land in these two counties is severely limited for
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the construction of sanitary facilities. Approximately 65 percent of the

land has severe to very severe limitations for community development.
Most of the soils with "very severe" limitations are freshwater marsh,
swamp and tidal marsh, and swamp-dune associations which are found in

inland swampy areas or along the coastal areas.

Predominant Land Uses in Watersheds

Charlotte County, located about 85 miles south of Tampa Bay, has an area
of 832 square miles, 129 square miles of this is water under the juris-
diction of the Southwest Florida Water Management District. Lee County,
south of Charlotte County, has a land area of 786 square miles of which

about one-~third is farmland.

Most of the inhabitants in the coastal areas reside in the larger
municipalities of Port Charlotte and Punta Gorda in Charlotte County
and North Fort Myers and Cape Coral in north Lee County as well as in
smaller communities of Lemon Bay, E1 Jobean, Boca Grande, Captiva,

Bokeelia, Pine Island, St. James City, Sanibel, and Punta Rassa.

In 1968, the Corps of Engineers conducted a flood hazard study which
estimated the value of the approximately 60 square miles of urban develop-
ment at $250,000,000 for residential property and $310,000,000 for business

property.

Sport and commercial fishing, water recreation, shellfishing, and a large

tourist trade are the economic mainstays of the Charlotte Harbor area.

17



Interior development is sparse and consists of small scattered farms
devoted to citrus, truck crops, flowers, and dairy cattle. The main
sources of income in Lee County are tourist trade, agriculture, and

commercial fishing.

The Florida Board of Conservation projected an urban land area for Charlotte
County in the year 2015 which is seven times that of 1963. Population pro-
jections for this same period show a 14-fold increase. From 1960 to 1963,

Charlotte County experienced a 49 percent growth.

Land acreage estimates for 1976 in the Charlotte Harbor study are listed

below by county:

-~

Sarasota Charlotte Lee
Residential 2,932 12,817 230
Commercial 32 1,205 8
Institutions-Parks 40 105 ---
Other Urban 363 2,509 32
Pasture 31,447 39,905 960
Cropland 670 2,905 -—-
Golf Courses 360 522 110
Citrus 200 8,503 ---
Open & Other 18,769 34,405 333

Significant Meteorological and Climatologic Features

The Charlotte Harbor estuary is located in a humid subtropical climate.

An average of 100 thunderstorms may be expected annually and 38 hurricanes

18



have been recorded in the 70 years preceding 1975. Two Severe storms

created tidal surges 9 to 14 feet above normal.

During July and August, average maximum and minimum air temperatures for
the area were 90 °F and 75 °F, respectively. MWinter average air tempera-
tures, taken during January and February, were 77 °F maximum and 55 oF
minimum. Daily variations of temperature in the summer are negligible.
However, winter cold fronts may cause rapid temperature drops and abnormal

cool weather for several days.

The annual average temperature at Fort Myers is 73.4 OF; the minimum
monthly average is 63.8 °F in January, and the maximum monthly average is

81.5 °F in August.

The average annual rainfall for the 50-year period of 1915-1964 at Punta
Gorda was 51.1 inches. About 60 percent of the total annual rainfall
occurs in the June-October rainy season, primarily as scattered heavy
showers during local thunderstorms. Occurrence of showers is about every

other day in June and September, but more frequently in July and August.

Rainfall as much as eight inches in one day and twenty-five inches in
thirty days is common during the wet season. The highest one-day rainfall
recorded in Charlotte and North Lee counties was 11.70 inches on October 21,

19245 and the highest monthly total rainfall was 26.91 inches in June, 1912.

Rainfall from hurricanes of tropical storms which occur during the rainy

season may cause localized or widespread flooding, depending on the
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antecedent saturation of the ground. Although wet to flood conditions
often exist for 30 or more days during the rainy season, maximum flooding
is generally caused by heavy rainfall concentrated during a two-day period

or less when the ground is fully saturated.

Rainfall gaging stations in the Charlotte Harbor area are located at

Myakka River State Park, Punta Gorda, Fort Myers, and Arcadia.

According to records of the U.S. Naval Weather Service, the most frequent
(58.2 percent) wind speeds are between 7 and 16 knots. The most frequent
(28 percent) wind is from the east; and, consequently, the highest per-
centage (31.5 percent) of waves are from the east.

Waves between 1 and 2 feet high have the highest frequency of occurrence
(32.5 percent) with 67.5 percent of all waves héving a period of less than

6 seconds.

Water Quality as Indicated by Avajlable Data

In general, relatively little historical, long-term data exists to provide
a reliable general assessment of the water quality of the Charlotte Harbor
system. A number of excellent studies conducted on the system generally
agree that the Harbor is a nitrogen-limited system and that the primary
source of phosphorus is fhe Peace River. In addition, most investigators
as well as existing data, tend to verify that the greatest potential for
water quality degradation of the system is future urban development and
subsequent stresses to the system from point and nonpoint sources, random

land-use modification and shoreline alternation.
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The difficulty with a majority of stored computerized data is that there is
Tittle information as to methodologies, purpose or origination of the data.
Therefore, reliability of conclusions based on such data must be ques tioned.
Stored data examined generally indicate problems in dissolved oxygen, heavy
metals, bacteria and nutrients within most of the tributary systems. It

is very difficult to assess the duration, frequency or severity of such
problems from existing data sources. In some cases, for example, it cannot
be determined from the stored data whether heavy metal analysis was taken

from water column or sediment samples, or the number of samples analyzed

to establish the existence of the problem.

Although historical data from diverse sources and locations within the
system is extremely valuable in determining the potential for water quality
problems in the estuary system, details regarding the sources and conditions
under which the determinations were made prevent accurate determination of

point or nonpoint sources.

Reasons for Selection as a Study Area

The Charlotte Harbor estuary system represents a major resource and one of
the more significant and complex surface water systems within the planning
region, and is also one of thellargest estuarine environments in the State
of Florida. The system is fed by three major tributaries, the Peace, Myakka,
and Caloosahatchee rivers. Existing water quality data indicates that the
general quality is good within the system. Recent studies show high con-
centrations of dissolved phosphorus within the system and localized heavy

metals problems within the tributaries.
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Potential and existing sources of degradation are many and complex. Land
uses surrounding the estuary are diverse. Hydrographic modification, urban-
ization, rangeland, wetlands and point sources are among the notable poten-
tial problems. In addition, rapid future growth projections and changing
land use as well as widespread urbanization are serious threats to the
water quality of the system. A summary of land use projections provided

by the SWFRPC for county areas within the Charlotte Harbor study area is

presented in Table 2.1-2.

As a result of future growth, the Charlotte Harbor system is highly suscep-
tible to water quality problems caused by shoreline and watershed alteration,
and agricultural, industrial and urban development. A review of the histor-
4cal data available for the system implied early stages of water quality
impacts which may be primarily derived as nonpoint source problems. Data
indicated heavy metal concentrations probably originating from agricultural
activities. Other water quality parameters indicated urban runoff as
potential sources. In addition, other diffuse pollutant sources or quality
problems to the Harbor such as hydrographic modification for agricultural
drainage, upstream phosphate mining, devegetation or modification of shore-

lines among others were indicated.

A general lack of historical water quality data for the entire Harbor system
and its tributaries with which to understand the existing conditions, poten-
tial problems, and probable sources was a primary justification for the
study. Considering the magnitgde and value of this resource in the area,

and projections for future growth and land-use change, protection of the

22
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resource through a comprehensive 208 water quality management program is

considered necessary.

DESCRIPTION OF SAMPLING PROGRAM INCLUDING BASIS FOR DESIGN

Original Program

Harbor and Tributary Background Sampling

The estuarine system is of great significance as a natural resource and the
existing and potential water quality degradation sources are complex. The
water quality program was designed to characterize primary sources of
pollutants contributed by principal tributaries and inflow sources, and

the baseline water quality of the system. The objective of the study was

to determine, to a degree, the spatial and temporal distribution of contam-
Tnants introduced to the estuary. In other words, overall water quality
resulting from contaminant inflow was evaluated. This was accomplished by
monitoring pollutant loads to the harbor from the major contributing sources.
Variation of water quality within the harbor was studied by establishing and

monitoring a network of sampling sets.

The purposes of the water quality data collection program were to determine
(1) the baseline water quality of the Charlotte Harbor Estuary system

within the described boundary limits (depicted on base map), and (2) loadings
on the system imposed by major tributary sources and certain land-use

categories (storm sampling).

To accomplish these objectives, an extensive background sampling program
was conducted. Background sampling stations included stations situated

throughout the harbor and stations located on major harbor tributaries.

24



Harbor baseline stations are denoted by the letter "B" on Figure 2.1-1.
There are a total of eighteen harbor baseline sites, H-B1 through H-B18;
however, after the first sampling round, H-B12 in Turtle Bay was abandoned
due to inaccessibility. The baseline stations have been strategically
located to represent most all regions of the harbor in order to define
possible zones of polluted waters. Tributary sample station locations

are designated by the letter "T" in Figure 2.1-1. The twelve tributary

sites, H-T1 through H-T12, are situated on the following water bodies:

H-T1 Coral Creek
H-T2 Myakka River, Tower portion
H-T3 Big Slough
H-T4 Myakka River, upper portion
- H-T5 Little Alligator Creek, lower portion
H-T6 Little Alligator Creek, upper portion
H-T7 Sam Knight Creek
H-T8 Alligator Creek
H-T9 Bear Branch
H-T10 Peace River, lower portion
H-TT1 Shell Creek
H-T12 Peace River, upper portion

Analysis of samples collected at these points of influx to the harbor
included the parameters Tisted as follows and analyzed results are depicted

in Tables 2.3-1 through 2.3-15 in Section 3.2.

pH NO, - NO; as N

Dissolved oxygen . NH; as N

Alkalinity Arsenic, mercury, manganese
Color Organochlorine pesticides

25



<
LY
a
IS
<
@
= (Q CHARLOTTE
< i
w
e o
e T

peact
\
PUNTA GORDA

® ALUGATOR CREEX
B85 86

CHARLOTTE HARBOR

O

& ® 19
d\‘ B8 B9
BEAR BRANCH
! a:%\L > CHARLOTTE COUNTY _ - — o]
6’5 LEE COUNTY
N-
J o
‘ 810

GULF OF MEXICO

CHARLOTTE HARBOR STUDY AREA

FIGURE 2.1-1
SAMPLING STATION LOCATIONS, CHARLOTTE HARBOR STUDY AREA

26



Turbidity

Total solids

Fecal coliform

Fecal streptococci

Total Phosphate
Dissolved orthophosphate
NO, - NO3 as N

NH; as N

Arsenic, mercury, manganese

27

Organophosphate
Total organic carbon
0i1 and grease
Hydrogen sulfide
Sulfate

Lead

Copper

Fluoride

Organochlorine pesticides



2.1.2 Storm Event Sampling--Original Program
Storm event sampling has been included in the Charlotte Harbor Case
Study. The purpose of this sampling has been to determine pollutant
Toading rates from specific types of land use. These land uses are
indicated in Table 2.2-1. The information obtained from the storm
sampling is useful in two ways. First, it provides needed pollutant
Toading data for the types of land uses in the Charlotte Harbor area;
and second, it provides data for comparison and use with data for
similar types of land uses gathered elsewhere in the region. One
site, H-R2, which drains open, undeveloped lands, is suitable for such
comparison. The other sites involve canal-type development which has

not been studied in other locations.

The sites selected drain relatively small watersheds of one predominant
land use, as shown in Table 2.2-1. Locations of these sites are shown

in Figure 2.2-1. (The "H" prefix has been omitted.)

These sites include those selected as part of the original and revised
sampling programs. Original sites H-R1 and H-R2 will be discussed in

this subsection, and the other sites will be discussed in a later sub-
section. The two original sites were selected in order to permit com-

parison of pollutant loads of developed versus undeveloped lands.

28



Table 2.2-1 Dominant Land Uses--Storm Event Sampling Sites,
Charlotte Harbor Study Area

Sampling

Site Watercourse Dominant Land Use

H-R1 Man-made canal Residential (single- and
multi-family)

H-R2 Alligator Creek Open, undeveloped

H-R3 Man-made canal Residential canal develop-
ment with sanitary sewers

H-R4 Man-made canal Residential canal develop-
ment, as yet unpopulated

H-R5 Man-made canal Residential canal develop-
ment without sanitary
sewers

29
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Sampling of two storm events was planned for each site so that differ-
ent rainfall amounts, storm intensities, and antecedent conditions
(e.g., number of dry days preceding) could be observed, if possible.
Sampling was scheduled for late summer, 1976. Wet season conditions

...... A bl

caused by frequent correctional rainfall were expected during this

period.
Also, statistical quality or reliability of the resulting data could be

expected to improve by sampling two events. Samples were scheduled to

be taken at various times throughout the occurrence of runoff, so that

indications of

pollut

e following g

constituents were included in the analysis schedule for sites H-Rl and
H-R2.
| Physical Constituents--Temperature, dissolved oxygen, pH,
color, turbidity, solids, conductivity.
Chemical Constituents--Alkalinity, phosphorus, nitrogen,
organic carbon, fluoride.
Microbiologic Constituents--Fecal coliforms, fecal strepto-
cocci, biochemical oxygen demand.

Metals Constituents--Arsenic, mercury, lead, manganese, copper.
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2.2 Modified Program

The sampling program as originally planned was implemented in the spring
of 1977. An assessment of the accumulated data (Interim Report) indicated
that some shifts and revisions of sampling stations could be made in the
interest of economy and the ability to seek additional information. The
data through May, 1977, representing nine months of sampling indicated
that there were no severe problems in Charlotte Harbor that warranted

the continuation of some stations within the harbor. Beginning February,
only midwater harbor stations H-B1, 2, 3, 8, 10, and 17 were sampled for
full constituent analysis. Bacteriological analysis was continued for all

harbor stations.

The rather persistent high levels of some constituents within tributary
systems, and additional information received during the program concerning

bacteria levels and potential spurces, warranted the establishment of some

additional stations.
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In order to more properly assess the water quality problems in the tributary
systems, it was recommended that a sampling program be initiated to determine
the character and sources of poor water quality within the major tributary
systems. It was anticipated that this would be accomplished by the

addition of sampling stations to augment existing tributary sampling.
Stations were added to primarily characterize changing land-use areas

along a given tributary in an attempt to characterize the quality of
nonpoint sources within the system. The adjusted sampling program began

in March and continued through June, 1977.

The first objective of the tributary sampling program was to determine
specific water quality associated with varied land-use characteristics
along a given tributary, or within a known problem area. The sampling
stations were designed to assess quality of wateré from upland, open space,
or wetland sources prior to passing through urban or residential areas,

and upon entering the harbor system after passage through developed areas.
In other words, determine the "before and after" quality as impacted by
developed or urban residential areas. Several stations were also added

in areas>of known water quality problems to further assess the sources.

The stations were located at points on conveyance waterway systems within

the Port Charlotte, Harbor Heights, and North Port areas.

New Tributary Sample Locations
H-T13 Big Slough Canal at North Port prior to entry
to Cocoplum Waterway, approximately 1.5 miles

north of U.S. 41.
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H-T14 Unnamed stream to the north of Cocoplum
Waterway in the headwater of Sam Knight Creek.

H-T15 Cocoplum Waterway quality sample approximately
center of water at bridge crossing near BM-16.

H-T16 At conveyance waterway to the north prior to
entering Cocoplum Waterway.

H-T17 At canal crossing (above weir structure) at
U.S. 41 in Port Charlotte.

H-T18 At bridge crossing on canal waterway prior to
entering Alligator Bay.

H-T19 At headwater of major canal conveyance in East

Port Charlotte.

- "~ H-T20 At weir structure (same canal as HT-19) off
u.s. 41.
H-T21 Salt creek above Harbor Inn off the Peace River.
H-T22 At entry of north-south canal west of Harbor
Heights.
H-T23 Channelized stream at Shell Point at Harbor
Heights.

It was intended for these stations to verify and, hopefully, yield some
insight as to the possible sources of some pollutants seen primarily within
the Little Alligator Creek, Sam Knight Creek, Cocoplum Waterway, and Peace

River systems.
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2.2.2 Storm Event Sampling--Modified Program

Storm event sampling in late summer of 1976 was restricted due to lack

of rainfall; one storm at H-R1l was the only event sampled. Therefore,

additional sampling was planned for the early summer of 1977. The pur-
poses of this additional effort are the same as those discussed in

Section 2.1.2.

Table 2.1-1 Tists the sites selected and the principal land uses in the
small watersheds. Figure 2.2-1 shows the locations of sampling

stations.

As was the case with the selection of H-Rl and H-R2, additional sam-
pling sites were selected such that pollutant loading from specific
land uses might be developed. Considering all of the sites chosen,

several opportunities for comparison were foreseen.

Because the H-RZ basin is relatively undeveloped, comparing it with any
of the 6ther sites indicates the effects of development on nonpoint
pollutant loads. By contrasting data from H-R4 (as yet unpopulated,
developed area) with data from H-R3 and H-R5 (populated areas), the
influences of population can be studied. Finally, comparison of the
H-R3 and H-R5 basins, with and without sanitary sewers, respectively,
allows consideration of nonpoint loads from septic tank areas. Sam-
pling of two storm events was planned for each site, H-R3, H-R4, and

H-R5.
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Samples were scheduled to be taken at various times throughout the
occurrence of runoff for each storm. This was done to help define
times of peak Toading as stormwater moved toward receiving water

bodies.

At sites H-R3, H-R4, and H-R5, the following analyses were scheduled:
Physical Constituents--solids.
Chemical Constituents--phosphorus and nitrogen.
Metals Constituents--lead and mercury.

This limited group was selected because earlier sampling indicated that

emphasis should be placed on these substances.

Intensive Sampling

Intensive sampling was included as part of the Charlotte Harbor Case
Study modified sampling program. The purpose of this sampling was to
study the water quality characteristics of the harbor during a short
time period. Monthly sampling, which was incorporated into the case
study program, was not suitable to detect short-term changes in harbor
water qué]ity. The variety of potential pollution sources and the lack
of knowledge about harbor circulation and mixing underscored the need
to perform the intensive survey. Circulation studies, which were orig-
inally planned, were not performed because the level of effort planned
was later judged inadequate, and more effort could not be supported

financially.
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Six stations in the harbor were located along a line reaching from mid-
channel near the Peace River mouth to mid-harbor near Grand Pass. A
station was also placed at the mouth of the Myakka River. Figure 2.2-2

shows station locations.

Sampling was planned at each station on alternate days over a two-week
period. Early June was selected as the time for the two-week effort,
because it marked the beginning of the wet season in the region. Early
wet season marks the greatest increase of inflows to the harbor.
Therefore, short-term changes in water quality, especially due to river

and runoff inflows, are more likely to occur than at times of steadier

conditions.

The constituents selected for analysis were limited to those deemed
essential to the loads allocation process. These constituents are:
Physical Constituents--solids.

Chemical Constituents--nitrogen and phosphorus.
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2.3

2.3.1

2.3.2

Productivity Sampling

Biological Information in a Water Quality Program

Water quality in an estuary is a function of chemical, physical, and

~biological processes of man and nature. Water quality programs often

concentrate on chemical and physical measures of these processes
because sampling techniques are established and well-defined, labora-
tory analyses are routine, and the results are easily compared with a
rapidly growing data base throughout the county. Biological parameters
tend to be more elusive; data is usually more difficult to gather, is
subject to less strict interpretation, and does not readily lend itself
to guideline-type standardization. However, these factors do not make
biological information any less important or accurate as an indication
of water quality and estuarine health. Water quality programs which
incorporate measures of all processes ongoing in an estuary best lend
themselves to the understanding and protection of estuarine health, and
subsequently the prediction of an estuary's ability to maintain clean
waters. In this spirit, the Southwest Florida Regional Planning
Council (SWFRPC) incorporated biological investigation into the 208

Water Q&a]ity Planning Program.

Sampling Design
The value of biological information in water quality planning was
approached on the basis of: (1) overall measures of productivity,

biomass, and diversity as indicators of estuarine health; (2) potential
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incorporation of selected biological measurements into water quality
monitoring programs; and (3) use of simplified ecosystems diagrams for
estimating waste load allocations and evaluating impacts of contribut-

ing systems on receiving bays.

The water column of an estuary is only one of its vital components.
Others include the benthic communities, the sediments, the contributing
systems (rivers, tidal creeks, surrounding mangrove forests, etc.) and
the receiving systems. All these exist and operate in a dynamic system
of flows, forcing functions, and storages. A model involves a syn- -
thesis of information which provides a way of monitoring, organizing,

and visualizing this system.

Figure 2.2-3 presents an energy circuit model of an estuarine ecosystem
and its relationships to major external driving forces. (The symbols
of the energy circuit language are explained in an appendix to this
report.) This model represents the major components and processes
thought to exist in the Charlotte Harbor estuary. Five major compart-
ments of‘energy storage are represented in this model: (1) the primary
producers, composed of phytoplankton and benthic flora; (2) organic
detritus with its associated microbial community; (3) zooplankton;

(4) an aggregated compartment of benthic invertebrates and fish; and
(5) a storage of limiting nutrients such as phosphorus. This storage
can also represent accumulation of heavy metals or chemical contami-

nants as well. The natural driving forces are solar radiation, local
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and coastal currents, tides, external stocks of organisms and detritus,

and ambient water temperature. Man's influence is shown in this system

by imposing fishing pressure and by the addition of heavy metals,

chemical contaminants, nutrients, organic loads, or microbes.

The value and role of models of this type in a water quality planning

program include the following:

l.
2.

They force the scientist to state his assumptions explicitly;
They organize information and data about the system under
investigation. Developed as part of the plan of study,
models aid in determining the relative importance of storages
and processes and in identifying potential data gaps. This
insight is useful in prioritizing data gathering activities
before going into the field.

Models serve as impact summaries. Lines from the outside
forcing functions show causal actions that pass through main
productive plant components to consumers. These lines allow
the investigator to follow the impact of changing a forcing
function along a given pathway through the various compo-
nents. Secondary, tertiary, and so-called "hidden" impacts
are not as easily overlooked.

Qualitative energy diagrams can be made quantitative by

adding data gathered throughout the field activity so that
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relative magnitudes of flows can be seen. The quantification
gives a basis for estimating properties of systems response
such as turnover times (the ratio of a storage to a flow in
or out of it). Turnover times are useful for assessing the
ability of the estuary to maintain clean waters.

5. Evaluated models can be simulated to show the consequence of
changes in the estuary over time. The predictive ability of
a model is essential to good long-term water quality

planning.

Evaluation of the pathways, storages (state variables), and forcing
functions (driving forces) shown graphically in Figure 2.2-3 was the
basis for sampling design in Charlotte Harbor. Some data existed in
the literature, additional data were forthcoming from other Southwest
Florida 208 sampling activities. Those components for which no data

existed were selected for measurement.

Field sampling and literature search results were summarized in the
evaluated ecosystem diagram of the estuarine area. This diagram served
as the basis for order-of-magnitude quantification of roles that the
estuary plays for the surrounding area. Some specific roles addressed
included: (1) organic waste assimilation and nutrient regeneration,
(2) nutrient scrubbing and trapping, and (3) fisheries and related

production,
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2.3.3 Charlotte Harbor Sampling Stations
Diurnal estuarine sampling took place during June, 1977, on a one-
time basis. The dry-to-wet transition period was selected as a most
probable time of high nutrient loading into the estuarine bay area

assuming a potential "first-flush" phenomenon as the wet season began.

Sample sites are given in Figure 1.1-2.

Sampiing was conducted over a 24-hour period at 11 stations in Char-
lotte Harbor. Some parameters such as turbidity were also measured at
selected tides in Alligator Bay. Primarily for logistic reasons the
harbor was divided into a north section and a south section. The
southern portion (Stations 9 through 13, Figure 2.2-4) was sampled from
June 18 through 21, 1977. The northern portion (Stations 1 through 6,

P 2 e AT12

including Alligator Bay, Figure 2.2-4) was samplied June 21 through 23,
1977. Stations 1 and 2 straddled the Peace River and were situated
nearest the developed areas of the harbor. They were subject to large
freshwater flows from the Peace River. Station 3 was located at the
mouth of the Myakka River. Station 4 was the deepest station in the
northerh harbor, Tocated centrally due west of Mangrove Point. Sta-
tion 5, Tocated near the outflow of Alligator Creek, was selected to
represent the eastern shore of the harbor. Statibn 6 represented the

western shore of the harbor. The coastal area near Station 6 was

undeveloped mangrove area. Collectively, these stations represent a
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relatively deep (for Florida estuaries), mostly undeveloped, coastal
estuary which receives large freshwater flows from the Peace and Myakka

Rivers.

Stations in the southern part of the harbor were situated south of the
Cape Haze Reef. Station 9 was located over a grass bed at the northern
boundary of Pine Island Sound and Charlotte Harbor. The deepest of all
stations sampled, Station 10, was situated north of the radar reflec-
tors inside Boca Grande Pass. This station also was subject to strong
Currents. Station 11 was located near Cape Haze, an undeveloped man-
grove estuarine area. Station 12 was a deep station in the center of
the harbor south of the red flashing channel marker, and Station 13 was
situated at the northern end of Matlache Pass. fhe southern portion of
the harbor is also undeveloped and represents a large, deep coastal
‘iotte Harbor could be subject to potential oil spills by
0il barges travelling to Boca Grande. Due to its large area (42 square

miles), developmental impacts may tend to be localized. The estuarine

area serves primarily as a fishing and recreation area.

Free-water diurnal oxygen measurements in an estuarine area of such
depth and size are subject to greater variations due to advection of
water masses (horizontal differences in water masses) as well as verti-
cal stratification. The magnitude and complexity of Charlotte Harbor

suggest that the productivity results presented herein provide a
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2.3.4

minimum amount of information needed to manage a coastal area such as

this one.

Sampling Parameters and Measurements

The productivity sampling scheduled for the Charlotte Harbor case study
include several types of biological and physical measurements. Data
from these measurements were then to be reduced and analyzed so that
productivity parameters could be calculated. The types of data
coilected during the sampiing effort are given below:

Total community metabolism--using diurnal oxygen measurements;

Plankton metabolism--using 1ight and dark bottle oxygen measurements;

lank enthic community structure--using phytopiankton, zoo-
p]ankton, and benthos samples collected during the study, and subse-
quently analyzed for taxonomic composition, abundance, and b1omass,

C
=
il g
[%)
=
on
O"

Chlorophyl1l concentrations--using chlorophyll samples collected during
the study as estimates of phytoplankton biomass;

Related physical measurements--including oxygen diffusion, water cur-

rent velocities, wind velocities, water depths, solar insolation,
light penetration, water and air temperatures, and salinity.
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3.0 DISCUSSION OF BASELINE SAMPLING RESULTS--

3.1

3.2

SPECIFICATION OF EXISTING WATER QUALITY

Chemical, Physical, and Bacteriological Constituents

Water quality data for the Charlotte Harbor and tributary stations has been
resolved for tabular comparison of maximum and minimum concentrations at
sampling stations and mean values for the number of samples analyzed

(Tables 2.3-1 through 2.3-15).

Charlotte Harbor and tributary samples were analyzed for "BHC," Lindane,
Heptachlor, Aldrin, Heptachlor Epoxide, Dieldren, Endrin, and DDT/DDD
derivatives and component compounds. These pesticides are not presented

in the data tables. tEﬂC” is the most persistent of all pesticides, appear-

ing in significant concentrations in all tributary stations and all but

three harbor stations. Lindane and heptachlor appear in the north harbor

—

at the Myakka River and on the western side of the central harbor, lower
Coral Creek, Grande Pass, one southern harbor station, and in the upper
reaches of the Peace and Myakka river systems. _Aldrin appears in Big
Stough and Little Alligator Creek. _Eiglgﬁig_concentrations were detected
in northern harbor stations, upper Gasparilla Sound, and all tributaries

except Big Slough, Little Alligator Creek, and Alligator Creek. Concen-

trations of other pesticides examined were not detected in any samples.

Vertical Profiles of Three Physical Constituents

Estuaries are frequently classified by the freshwater-saltwater balance
and may be typed as well-stratified, partially stratified, mixed, or well-
mixed. In deeper estuaries, saltwaters intrude inland on the bottom during

a tidal excursion. The saline water exchanges or mixes with the
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Table 2.3-1. Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-T1 and H-T2.

Station No. H-T1 Station No. H-T2
No. of No. of

Factor Mean Range Samples Mean Range Samples
BOD, g/ 1.7 3.2-1.2 6 2.4 4.1-1.2 7
TOC, mg/1 5.7 12.3-.5 10 10.3 20.4-.5 10
ALK, mg/1 161 280-114 7 106 210-56 7
COLOR, cpu 27 95-5 10 68 241-1 10
TS, mg/1 38,700 |47,000-27,000 10 17,250 {33,600-2,930 10
SS, mg/1 48 110-5 10 30 66-5 10
COND, umho/cm| 53,300 {98,500-39,700 7 24,100 |43,200-4,000 6
pH 7.9 8.1-7.6 8 7.7 8.0-7.1 8
F-DO, ppm 5.5 7.3-2.4 4 6.7 7.1-5.7 4
SAL, ppt 24 1 14 ]
0- PO, .04 .076-.002 10 141 .268-.057 10
TP,~mg/1 .23 .46-.09 10 .30 .53-.12 10
TKN, mg/1 1.13 2.33-.60 10 1.48 2.34-.84 10
NO,/NO;, mg/1| -020 .046-.004 10 .022 .062-.004 10
NH3, mg/1 .15 .33-.02 10 .14 .56-.03 10
FC, /100 ml 57 400-1 8 14 36-4 7
FS, /100 ml 102 560-4 8 a7 239-1 8
AS, ug/l 18 20-10 6 18 20-10 6
PB, ug/1 2.1 3-2 9 2.5 3.4-2 9
CU, ug/1 5.3 17.6-2 6 4.5 14-2 6
F,mg/1 .86 1.0-.76 7 .69 .88-.52 7
HG, ng/1 8.1 28.8-.3 9 4.1 8.6-.24 9
0 &G, mg/1* | <9 8.9

*A11 0 & G (oil and grease) values dated August 1, 1977.
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Table 2.3-2.

Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-T3 and H-T4.

Station No. H-T3 Station No. H-T4
No. of No. of |
Factor Mean Range Samples | Mean Range Samples
BOC, mg/1 1.8 2.7-1.0 6 1.9 2.4-1.0 b
T0C, mg/1 15.9 24.7-7.4 9 171 26.8-9.9 10
ALK, mg/1 127 220-92 6 63 90-32 7
COLOR, cpu 129 229-45 10 160 305-40 10
TS, mg/1 4,510 123,100-316 9 4,400 |23,700-380 10
SS, mg/1 9 35-1 9 11 40-1 10
COND, umho/cm| 2,750 7,500-320 6 2,600 8,500-400 7
pH 7.7 8.3-6.9 7 7.4 7.9-7.0 8
F-DO, ppm 5.9 7.6-4.8 5 5.8 7.1-5.1 5
SAL, ppt 1 2 1 2
0-P0, .105 .142-.055 10 .097 .193-.028 10
TP,~mg/1 .28 68-.13 10 .45 .91-.09 10
TKN, mg/1 1.77 3.46-1.18 10 1.59 2.34-1.20 9
NO,/NO;, mg/1| -023 .070-.004 10 .049 .101-.009 10
NH3, mg/1 .16 .40-.02 10 17 .51-.03 10
FC, /100 ml 99 600-1 7 68 500-1 10
FS, /100 ml 124 420-30 8 121 540-11 8
AS, ug/1 18 20-10 6 33 80-20 5
PB, ug/1 2.1 3-2 9 2.2 3-2 9
CU, ng/1 4.5 13.8-2 6 2.8 4.3-2 6
Fy mg/] .42 .72-.24 6 .30 .50-.17 6
HG, yg/1 8.6 32.2-.2 9 6.5 17.6-.8 9
0 &G, mg/1% | <5
]

*A11 0 & G (0il and grease) values dated August 1, 1977.
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Table2.3-3. Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-T5 and H-T6.

Station No. H-Ts

Station No. H-T6

No. of No. of

Factor Mean Range Samples | Mean Range Samples
BOD, mg/1 2.7 4.4-1.0 6 4.2 9,6-1.4 6 |
TOC, mg/1 6.6 13.4-1.0 9 9.1 18.6-.5 10
ALK, mg/1 104 156-81 6 17 140-98 7
COLOR, cpu 48 107-10 10 39 83-5 10
TS, mg/1 25,100 | 33,200-16,500 9 22,000 | 32,600-10,000 { 10
SS, mg/1 35 85-8 9 30 77-5 10
COND, umho/cm| 30,500 | 55,600-22,000 6 24,000 | 33,100-14,000 7
pH 7.7 7.9-7.4 7 7.8 8.2-7.6 8
F-DO, ppm 7.6 11.0-5.4 9 8.0 9.8-6.6 4
SAL, ppt 18.8 23-11 6 19 1
0-PO, .256 .399-.032 9 .264 .426-.183 10
TP~ mg/1 .51 .85-.31 9 .46 .80-.23 10
TKN, mg/1 1.65 2.48-.90 9 1.46 | 2.06-.84 10
NO,/NOs, mg/1} .014 .039-.002 10 .014 .050-.002 10
NHy, mg/1 .28 .99-.03 9 14 .26-.03 10
FC, /100 ml 18 120-1 8 14 36-1 8
FS, /100 ml 50 260-1 9 49 225-3 9
AS, ug/l 18 20-10 5 20 33-10 6
PB, ng/1 2.3 3.3-2 9 2.2 3-2 7
CU, ug/1 4.7 16.3-2 6 8.0 15.9-2 6
F, mg/] .76 1.0-.60 6 -76 1.0-.56 6
HG, 1g/1 4.1 19.2-.2 9 2.3 6.1-.3 7
0&G, mg/1% | --- <

*A11 0 & G (011 and grease) values dated August 1, 1977.
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Table 2.3-4,

Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-T7 and H-T8.

Station No. H-T7 Station No. H-T8
No. of No. of

Factor Mean Range Samples | Mean Range Samples
BOD, mg/) 2.0 4.4-1.0 7 2.1 2.6-1.0 7
TOC, mg/1 10.2 19.8-1.1 9 8.2 12.5-.5 10
ALK, mg/1 151 244-105 6 124 150-48 7
COLOR, cpu 68 141-21 10 53 112-15 10
TS, mg/1 16,300 | 32,400-688 10 11,600 | 22,800-912 10
SS, mg/1 25 48-1 10 24 55-3 10
COND, umho/cm| 14,800 | 27,600-760 7 11,700 | 23,700-870 7
pH 7.9 8.0-7.7 7.7 7.9-6.9 8
F-DO, ppm 6.4 7.8-5.0 4 6.3 7.8-4.5 5
SAL, ppt 12 1 5 10-1 2
0-PO, .073 .147-.025 10 .107 .187-.057 10
TP ,~mg/1 .42 1.51-.06 10 .34 .64-.14 10
TKN, mg/1 1.50 2.15-.89 10 1.24 2.15-.53 10
NO,/NO;, mg/1| -021 .114-.002 10 .028 .058-.004 10
NH3, mg/ .19 .59-.03 10 .18 .50-.02 10
FC, /100 ml 127 760-4 8 153 1,000-4 8
FS, /100 ml 68 236-4 8 226 800-18 9
AS, g/ 18 20-10 6 18 20-10 6
PB, ug/1 2.3 4.1-2 9 2.7 4.7-2 9
CU, ug/1 2.8 4-2 6 2.7 3.7-2 6
F, mg/] .60 .95-.24 7 .50 .80-.13 7
HG, 1g/1 2.9 6.9-.2 8 5.7 13.3-.2 9
0 &G, mg/1* <5 <5

*A11 0 & G (011 and grease) values dated August 1, 1977.
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Table 2.3-5.

Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-T9 and H-T10.

Station No. H-T9 Station No. H-T10
No. of No. of

Factor Mean Range Samples | Mean Range Samples
BOD, mg/1 2.2 4.5-1.2 6 1.6 2.5-1.0 6 |
TOC, mg/1 6.9 12.7-.5 9 12.6 19.9-3.3 9
ALK, mg/1 133 180-110 5 69 101-48 6
COLOR, cpu 33 57-15 9 97 264-18 9
TS, mg/1 26,300 | 38,500-10,000 9 6,900 | 20,100-1,300 9
SS, mg/1 35 58-9 9 16 31-4 9
COND, umho/cm| 29,700 | 37,000-13,000 6 6,450 | 12,000-1,200 6

pH 7.8 8.0-7.5 7 7.6 7.9-7.5 7
F-DO, pom 7.1 12.0-4.2 8 8.0 16.0-5.2 8
SAL, ppt 21.5 28-6 6 4.4 7-1 5
0-PO, .083 .100-.022 9 1.347 2.150-.555 9
TP~ mg/1 .23 L47-.10 9 1.69 2.40-.82 9
TKN, mg/) 1.23 1.59-.89 9 1.57 2.03-1.18 9
NO,/H03, mg/] .026 .075-.002 9 .233 .330-.004 9
NHj, mg/1 .15 .28-.01 9 .13 .31-.01 9
FC, /100 ml 59 300-1 7 48 200-4 8
FS, /100 ml 57 380-1 9 60 180-4 9 |
AS, 1g/1 18 20-10 5 18 20-10 5
PB, ng/1 2.2 3-2 9 2.3 4.1-2 9
CU, ng/1 4.7 15.9-2 6 4.6 15.5-2 6

F, mg/] .75 .99-.5]1 6 .82 1.3-.48 6
HG, 119/1 2.2 5.6-.2 9 5.7 22.8-.4 9

0 &G, mg/1* T ---

*A11 0 & G (011 and grease) values dated Auqust 1, 1977.
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Table 2.3-6. Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-T11 and H-T12.

Station No. H-T11 Station No. H-T12
No. of No. of

Factor Mean Range Samples | Mean Range Samples
BOD, mg/1 1.8 2.3-1.0 7 1.4 1.8-1.0 7
TOC, mg/1 11.1 15.7-3.2 9 13.8 23.1-.5 10
{ALK, mg/ 1 81 95-64 6 39 56-35 7
COLOR, cpu 108 211-5 10 139 328-22 10
TS, mg/1 2,960 10,300-352 10 380 1,150-195 10
SS, mg/1 8 20-1 10 6.5 18-1 10
COND, umho/cm|5,200 18,500-365 6 690 1,220-170 7
pH 7.7 8.4-6.9 7 7.5 8.3-6.9 7
F-DO, pom 7.1 8.3-4.9 5 7.5 11.8-4.8 5
SAL, ppt 1 1-1 2 1 1-1 2
0-P0, .275 .749-.102 10 1.184 2.796-.009 10
TP, mg/1 .83 2.23-.15 10 2.00 3.10-.54 10
TKN, mg/1 2.09 4.82-.61 9 1.32 1.69-.67 10
NO,/NO3, mg/1] .035 .089-.004 9 .567 1.180-.004 10
NH3, mg/] .12 .28-.03 .33 2.3-.01 10
FC, /100 ml 35 120-1 7 135 1,000-1 8
FS, /100 ml 102 440-10 9 124 476-15 9
AS, ug/1 24 57-10 6 18 20-10 6
PB, ug/1 2.2 3-2 9 2.1 3-2 9
CU, ng/1 2.6 3.3-2 6 4.9 17.6-2 6
F, mg/1 .34 .60-.18 7 .87 1.15-.47 7
HG, ng/l 3.8 10.8-.2 9 2.3 6.4-.2 9
08&G, mg/1* | 7.1 7.4

*A11 0 & G (0il and grease) values dated August 1, 1977.
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Table2.3-7. Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-B1 and H-B2.

Station MNo. H-B1 Station No. HB2
No. of flo. of
Factor Mean Range Samples | Mean Range Samples
BOD, mg/1 3.3 11.3-1.0 7 4.8 11.9-1.1 7
TOC, mg/1 8.8 23.0-1.0 10 8.1 14.8-1.0 10
ALK, mg/1 97.3 110-64 7 109.9 198-80 7
COLOR, cpu 74.7 217-15 10 53.9 130-5.0 10
TS, mg/1 20,694 | 39,000-7,540 10 £7,089 | 30,000-16,900 9
SS, mg/1 40.3 130-5 10 42.3 140-6 10
COND, umho/cm| 29,600 | 45,000-11,000 7 29,240 | 37,800-23,000 7
pH 7.80 8.0-7.7 8 7.72 7.9-7.2 8
F-D0, pom 8.49 10.2-6.9 10 8.74 12.5-6.8 10
SAL, ppt 23.0 29-14 9 22.0 29-15 9
0-P0, . 160 .289-.002 10 .230 .397-.069 10
TP,~mg/ 1 .42 1.13-.21 10 .43 .68-.36 10
TKN, mg/1 1.30 2.60-.74 10 1.42 3.15-.97 10
NO,/NO3, mg/] .014 .042-.002 10 .017 .056-.002 10
NH3, mg/1 .15 .42-.01 10 .13 .25-.03 10
FC, /100 ml 4.4 10-1 8 3.8 10-1 9
FS, /100 ml 14.5 96-1.0 6 4.1 10-1 8
AS, g/ 18.3 20-10 10 18.3 20-10 6
PB, ug/l 2.4 4.1-2.0 7 2.1 3.0-2.0 9
CU, g/} 4.1 15.3-2.0 7 2.3 3.6-2.0 7
F, mg/1 .74 1.0-.58 10 .78 .89-.62 5
HG, 1g/] 4.1 13.2-.08 1.8 9.6-1.0 4
"0 & G, mg/1* <5 <5

*A11 0 & G (oi1 and grease) values dated Auqust 1, 1977.
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Table 2.3-8, Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-B3 and H-B4.

Station No. H-B3 Station No. H-B4
Ho. of Ho. of

Factor Mean Range Samples | Mean Range Samples
BOD, mg/1 4.4 12.0-1.0 7 1.9 3.8-1.1 7
T0C, mg/1 7.1 13.4-1.0 10 8.7 15.3-.80 7
ALK, mg/1 97.3 108-76 7 101.0 110-80 6
COLOR, cpu 45.7 135-5.0 10 57.3 89-31 7
TS, mg/1 27,070 |32,000-15,000 10 24,693 | 30,950-14,700 7
SS, mg/1 39.6 91-5 10 19.1 64-6 7
COND, umho/cm! 30,060 |40,900-20,000 7 29,700 | 38,600-19,000 7
pH 7.75 7.9-7.5 8 7.76 7.9-7.5 7
F-DO, ppm 9.22 11.8-6.9 10 8.36 10.2-6.8 7
SAL, ppt 22.9 27-15 9 20.8 25-16 6
0-PO, .170 .327-.072 10 .180 .254-.079 7
TP+ mg/1 .43 1.05-.22 10 .29 .44-.18 7
TKN, mg/1 1.29 1.79-.81 10 1.17 1.56-.42 7
NO,/NOs, mg/1| .014 .044-.002 10 .022 .057-.002 7
NH3, mg/1 .14 .28-.01 10 .20 .42-.10 7
FC, /100 ml 6.0 24-1 9 4.9 10-1 7
FS, /100 ml 16.0 100-1 8 5.8 10-1 5
AS, ug/1 18.3 20-10 6 18.4 20.3-10 6
PB, ug/1 2.1 3.0-2.0 10 2.4 4.1-2.0 7
CU, ng/1 4.3 14.4-2.0 7 4.6 17.4-2.0 7
F,mg/] .77 1.0-.64 7 .68 1.0-.20 7
HG, 119/ 1 3.7 8.8-.26 1C 7.9 42.49-.20 7
0 & G, mg/1% | <5 <5

*A11 0 & G (01l and grease) values dated August 1, 1977.
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Table 2.3-9. Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-B5 and H-B6.

Station Mo. H- Bb Station Mo. H-B6
No. of Ho. of

Factor Mean Range Samples | Mean Range Sarmples
BOD, mg/1 1.56 3.8-1.0 7 2.0 4.0-1.00 7
TOC, mg/1 9.1 18.7-2.0 7 5.5 11.7-.50 7
ALK, mg/1 102.6 115-88 7 104.6 120-84 7
COLOR, cpu 45.3 89-26 7 38.7 72-2 7
TS, mg/1 27,286 {33,300-19,000 7 28,328 33,200-25,000 7
SS, mg/1 35.4 120-6 7 26.4 48-7 7
COND, umho/cm 312,30 [37,800-21,000 7 33,0001 40,800-24,500 7
pH 7.90 8.0-7.8 7 7.80 8.0-7.6 7
F-DO, ppm 8.60 11.0-7.2 7 7.93 10.2-5.8 7
SAL, ppt 23.2 27-19 6 24.0 27-20 6
0-P0, .130 .281-.070 7 .140 .259-.069 7
TP~ mg/1 .36 .88-.12 7 .36 .67-.08 7
TKN, mg/1 1.33 1.69-.81 7 1.14 1.72-.72 7
NO,/NO;, mg/1| -014 .051-.002 7 .010 .019-.002 7
NH3, mg/1 .26 1.0-.07 7 .34 1.18-.11 7
FC, /100 ml 5.0 10-1 6 5.0 10-1 3
FS, /100 m 5.8 10-1 5 5.5 10-1 5
AS, “5/1 18.5 21-10 6 18.3 20-10 6
PB, g/l 2.3 4.1-2.0 7 2.2 3.3-2.0 7
CU, ng/] 14.4 74.6-2.0 7 5.2 16.7-2.0 7
F\ ma/1 .78 1.0-.62 7 .79 1.0-.62 7
HG, 1g/1 2.5 5.3-.20 7 3.5 15.2-.20 7
0 & G, mg/1* <5 6.2

*A11 0 & G (o011 and grease) values dated August 1, 197/.
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Table 2.3-10. Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-B7 and H-BS.

Station MNo. H- B7 Station No. H- B8
No. of No. of
Factor Hean Range Samples | Mean Range Samples
B0D, mg/1 1.7 2.9-1.0 7 1.5 2.0-1.0 7
TOC, mg/1 7.5 14.5-.70 7 6.1 13.7-.1 10
ALK, mg/1 102.7 115-90 7 103 120-84 7
COLOR, cpu 39.1 78-2 7 28 72-8 10
TS, mg/1 25,054 |33,200-2,380 7 32,400 41,700-20,500 | 10
5SS, mg/1 30.3 66-12 7 44 100-10 10
COND, umho/cm| 33,660 [42,800-28,000 7 36,100 | 42,700-26,000 7
pH 7.90 8.1-7.6 7 8.0 8.1-7.8 8
F-D0, ppm 8.19 9.9-5.9 7 8.3 11.0-6.2 10
SAL, ppt 23.5 29-19 6 26 30-22 9
0-PQ, .140 .210-.07 7 .098 .190-.014 10
TP,~mg/1 .36 .78-.19 7 .26 .61-.09 10
TKN, mg/] 1.28 1.86-.74 - 7 1.0 1.79-.39 10
NO,/NO3, mg/1| .015 .050-.002 7 .023 .101-.003 10
NH3, mg/] .18 .33-.07 7 .15 .38-.01 10
FC, /100 ml 5.0 10-1 6 10 46-1 8
FS, /100 ml 5.8 10-1 5 30 100-1 8
AS, ng/1 18.5 20-10 6 18 20-10 6
PB, g/ 2.1 2.5-2.0 7 2 3-2 10
CU, pg/1 2.3 2.9-2.0 7 2.5 3.6-2 7
F, mg/1 .80 1.0-.50 7 2.0 5.6-.2 10
HG, 1g/1 3.4 13.2-.20 7 .80 1.0-.67 7
10 & G, mg/1* | <D <5

*A11 0 & G (o0il and grease) values dated August 1, 1977.
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Table 2.3-17. Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-B9 and H-B10.

Station No. H- B9 Station No, H-BI10
No. of Ho. of

Factor Mean Range Samples | Mean Range Samples:
BOD, mg/1 1.6 2.6-1.0 7 2.3 7.7-1.0 7
70C, ing/1 8.4 12.8-3.0 7 7.5 14.8-1.0 8
ALK, mg/] 119 250-72 7 105 120-83 7
COLOR, cpu 29 48-17 7 23 42-1 8
TS, mg/1 29,200 | 34,600-10,000 7 35,200 { 39,600-28,800 8
SS, mg/1 44 92-11 7 54 140-5 8
COND, umho/cm| 36,500 | 42,000-31,000 6 41,800 | 46,000-39,000 7
pH 7.7 8.0-6.4 7 7.7 8.0-6.5 7
F-D0, ppm 7.6 9.9-4.6 7 8.2 10.2-5.9 8
SAL, ppt 26 29-23 5 30 33-26 7
0-PO, .095 .150-.050 7 .073 .123-.032 8
TP »~ mg/ 1 .20 .32-.09 7 .34 1.2-.07 8
TKN, mg/1 1.25 2.69-.52 7 1.15 2.8-.43 8
NO,/NOs, mg/1| -017 .031-.004 8 .030 .068-.002 8
NH3, mg/1 17 .29-.07 7 .16 .31-.03 8
FC, /100 m} 5 10-1 6 3.5 10-1 6
FS, /100 ml 6 10-3 5 5 10-1 6
AS, ng/l 18 20-10 6 18 20-10 6
PB, g/l 2 2.5-2 7 2 4.1-2 8
CU, ng/1 2.5 3.3-2 7 2.1 2.4-2 6
F, mg/1 3.8 10.8-.21 7 1.6 5.0-.24 8
HG, 1g/1 .73 1.0-.14 8 .83 1.0-.61 7
0 &G, mg/1* | <O <5

*A11 0 & G (0il and grease) values dated August 1, 1977.
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Table 2.3-12. Water Quality Data Maximum and Minimum Concentrations wi th
Mean Values for Period Sampled at Stations H-B11 and H-RB12.

Station No. H- B11 ! Station No. H-Bl12 ]
No. of ho. aof

Factor Mean Range Samples | Mcan Rauge Samples
BOD, mg/1 3.8 8.1-1.0 7 3.1 3.3-2.9 2
TOC, mg/1 6.6 13.0-.5 7 6.7 8.6-4.9 2
ALK, mg/1 119 135-107 7 110 120-100 2
COLOR, cpu 14 31-5 7 29 37-21 2
TS, mg/1 38,500 | 40,600-33,800 7 29,3001 32,600-26,000 2
SS, mg/1 48 85-11 7 26 31-21 2
COND, umho/cm| 44,300 | 51,000-41,000 7 40,000 | 46,000-34,000 2
oH 8.0 8.4-7.8 7 8.0 8.1-7.8 2 |
F-DO, ppm 8.3 10.6-6.5 6 8.4
SAL, ppt 31 34-29 6 26
0-P0Q, .094 .448-.014 7 .170 183-158 2
TP, mg/1 .33 .97-.12 7 .46 .72-.21 2
TKN, mg/1 .99 1.38-.58 7 1.87 2.27-1.46 2
NO,/NO3, mg/1| .005 .011-.002 7 .005 .006-.003 2
NH3, mg/1 .16 .25-.08 7 .34 35-33 2
FC, /100 m 4 10-1 5 10
FS, /100 m} 6 10-1 .5 7 10-4 2
AS, ug/1 18 20-10 6 20 20-20 2
PB, g/l 2 3.3-2 7 2 2-2 2
CU, g/ 4.8 18-2 6 2.3 2.5-2 2
F,mg/1 3.0 12-2 7 2.2 4.15-.25 2
HG, g/ .83 .92-.76 7 .77 83-70 2
0&G, mg/1* | < <5

*A11 0 & G (0il and grease) values dated August 1, 1677.
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Table 2.3-13. Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-B13 and H-B14.

——y

Station No. H- B13 Station Ho. H-B14
No. of Ho. of

Factor Mean Range Samples | Mean Range Samples
BOC, mg/1 1.6 4.2-1.0 7 2.2 3.4-1.0 7
TOC, mg/1 6.2 12.6-.50 9 6.9 14.6-.50 7
ALK, mg/1 115 165-86 7 136 260-107 7
COLOR, cpu 14 31-2 9 36 54-1 7
TS, mg/1 37,300 | 41,200-29,800 9 31,200 36,000-25,100 7
SS, mg/1 43 68-11 9 30 66-9 7
COND, pmho/cm|43,900 | 49,000-41,000 7 36,700 43,000-28,700 5
pH 8.0 8.1-7.8 8 7.9 8.0-7.7 7
F-DO, ppm 8.4 11.2-5.5 7 7.7 9.9-5.3 7
SAL, ppt 30 33-27 8 26 29-22 5
0-P0, .051 .107-.007 9 .043 .058-.028 7
TP+ mg/1 .24 .51-.05 9 .28 .52-.09
TKN, mg/1 .85 1.04-.26 9 1.17 1.73-.68 7
NO,/NQO;, mg/1| .014 .049-.004 9 .007 .021-.002 7
NH3, mg/] 17 .34-.03 9 21 .36-.09 7
FC, /100 ml 3.5 10-1 5 4 10-1 5
FS, /100 ml 20 100-1 9 7 5
AS, ug/1 18 20-10 6 19 26-10 6
PB, pg/l 2 2.5-2 8 2 3.3-2 7
CU, ng/1 7.1 17.4-2 6 6.4 16.7-2 7
F, mg/1 3.0 8.3-.2 8 1.2 2.8-.4 5
HG, g/l .88 1.0-.75 6 .78 1.0-.68 7
0 &G, mg/1* | <5 <5

*A11 0 & G (oil and grease) values dated August 1, 1977.
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Table 2.3-14. Water Quality Data Maximum and Minimum Concentrations with
Mean Values for Period Sampled at Stations H-B15 and H-B16.

Station MNo. H- B15 Station No. H-B16
No. of No. of

Factor Mean Range Samples | Mean Range Samples
BOD, mg/1 2.0 3.6-1.0 7 2.2 6.3-1.0 7
TOC, mg/1 7.0 12.2-.50 7 7.5 14.8-.50 7
ALK, mg/1 134 260-107 7 133 255-105 7
COLOR, cpu 35 165-1 7 18 37-1 7
TS, mg/1 35,700 | 41,000-32,000 7 36,000 | 39,600-33,200 7
SS, mg/1 36 88-2 7 36 72-11 7
COND, umho/cm|42,900 | 48,000-38,500 7 44,000 | 51,000-39,500 7
pH 8.0 8.2-7.8 7 8.0 8.2-7.8 7
F-DO, ppm 8.0 9.3-6.5 7 7.6 8.8-5.8 7
SAL, ppt 30 33-25 6 30 32-28 6
0-PO, .058 .103-.018 7 .050 .077-.026 7
TP,~mg/1 .24 .43-.09 7 17 .29-.06 7
TKN, mg/1 1.06 1.50-.46 7 1.51 2.23-.43 7
NO,/NOs, mg/1] .007 .017-.002 7 .013 .041-.002 7
NH3, mg/1 .18 .39-.09 7 .22 .38-.12 7
FC, /100 m 4 10-1 5 4 10-1 5
FS, /100 m 6 10-1 5 11 26-4 5
AS, ug/1 24 57-10 6 18 20-10 6
PB, ug/l 3 6.4-2 7 2 2-2 7
CU, ug/1 6.2 27.1-2 7 2.6 3.8-2 7
F, mg/1 3.2 13.6-.21 5 2.8 9.5-.24 7
HG, 1g/] .90 1.2-.74 .89 1.2-.67 7
0 & G, mg/1* | <5 <5

*A11 0 & G (oil ard grease) values dated August 1, 1977.
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Table 2.3-15. Water Quality Data Maximum and Minimum Concentrations wi th
Mean Values for Period Sampled at Stations H-B17 and H-B18.

Station Mo. H-B17 Station Ho. H-B18
No. of No. of

Factor Mean Range Samples | Mean Range Samples
BOD, mg/1 1.6 3.8-1.0 7 2.4 5.8-1.0 6
T0C, mg/1 3.8 10.5-.50 10 5.0 12.6-.50 6
ALK, mg/] 115 135-102 7 106 116-86 6
COLOR, cpu 21 49-5 10 28 72-8 6
TS, mg/1 39,800 |60,400-33,100 10 38,100 | 42,600-32,800 6
SS, mg/1 56 220-10 10 37 80-5 6
COND, umho/cm|44,600 | 53,000-40,500 7 43,800 | 46,300~38,000 6
pH 8.0 8.2-7.8 8 7.7 8.1-6.6 6
F-DO, ppm 7.8 9.8-5.2 9 7.5 9.2-5.1 6
SAL, ppt 30 33-28 9 32 33-30 5
0-PO, .033 .097-.005 10 .040 .090-.016 6
TP+ mg/) .20 .49-.09 10 .24 .49-.09 6
TKN, mg/1 .85 1.12-.44 10 1.04 2.47-.50 6
NO,/NO3, mg/1j -019 .048-.004 10 L0711 .021-.002
NH3, mg/] .12 .25-.01 10 .12 L17-.07
FC, /100 m 3 10-1 ' 6 4 10-1 5
FS, /100 ml 22 100-1 8 5 10-1 4
AS, ug/l 18 20-10 6 18 20-10 5
PB, ng/1 2.1 3-2 9 7 25.2-2 5
CU, ng/l 4.6 16.9-2 6.0 16.5-2.7 5
F, mg/1 5.2 26-.2 9 4.6 16.6-.2 5
HG, ng/1 77 1.0-.25 7 .84 1.0-.72 6
0 &G, mg/1* | <3 ---

*A11 0 & G (0il and grease) values dated August 1, 1977.
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seaward-flowing surface fresh water generating a horizontal salinity gradient
increasing seaward. The volume of seawater available for exchange is largely
dependent upon the volume flow of surface fresh water. When surface runoff
flow is high, the saline wedge volume is larger and intrudes further inland
promoting a greater exchange. Well-mixed estuaries are typically large and
shallow. They are subject to small tidal ranges and have substantial
freshwater flow volumes. Saline gradients generally increase seaward due

to the rapid mixfng of waters. An estuary system may exhibit a large
salinity variance of fresh to brackish to saline waters. It is this wide
range of salinity conditions which accommodate the abundance and variety

of aquatic 1ife within an unaltered estuarine system.

The Charlotte Harbor system, comparing width to depth, is a shallow
estuarine system which exhibits varied degrees of stratification and mixing
seasonally. Generally, during low flow periods, the system is well mixed
and wind is probably the dominant mixing mechanism. During these low flow
periods, the Harbor predominantly exhibits a horizontal salinity gradient

increasing toward the Gulf.

The greatest vertical stratification within the system generally occurs
during the wet season when freshwater flow to the system is greatest.
During dry season-low flow periods the Harbor appears to be well mixed
vertically, showing little gradient in salinity from top to bottom except
during periods of high tides, when saline wedges may intrude well upstream.
Typically, in broad shallow estuaries such as Charlotte Harbor, wind

becoimes the dominant mixing mechanism in the absence of substantial tidal
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3.3

dynamics and inflow conditions. Mixing within the estuary at times of high
prevailing winds often becomes so rapid that water short-term column inver-
sions occur and suspension of bottom sediments in some mid-water areas

is rather common.

Tidal intrusion of saline waters has been seen well upstream into the

Peace and Myakka rivers. The condition is va%iab1e dependent upon flow and
tide conditions. As may be expected in any estuarine system, dissolved oxy-
gen (DO) levels decrease with low flow-high temperature conditions. Although
critically 10Q DO or temperature conditions were not experienced during

the sampling periods in the Harbor, it isvgenera11y agreed that the most
severe DO condition may exist during extreme low flow periods prior to the
Onset of the wet season. It is noteworthy that even during dry season
periods, aeration of the water column may occur in the Harbor during

periods of high prevailing winds in some mid-water areas thereby inducing
overtures and upwellings. Temperature, dissolved oxygen, and salinity

profile data are presented in the data appendix.

Comments Regarding Extent to Which Sampling Satisfied Basis for Inclusion

In general, the sampling program for the Charlotte Harbor area satisfied
the primary objectives of establishing surface water quality of the system
and the major tributary_source waters. The modifications to the sampling
program in the spring of 1977 also contributed significantly to an assess-
ment of upland drainage system water quality as a source to the estuary
system. Although the data accwnulated for the system is descriptive of

the system for the sampling year, it is unfortunate that the program,
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3.4

unavoidably, was conducted during a period of below-average rainfall for
the area. Hydrographic flow data is not yet available from which to
properly evaluate the impact of the drought on the sampling program. It
is probable that many water quality parameters within the Harbor are
affected as a condition of flow rather than concentration such as phos-

phorus and nitrogen.

Water Quality Based on All Available Data

Tables2.3-16through?2. 3-45present maxima, minima, and mean values of water
quality constituents for each of the Charlotte Harbor and tributary stations.
The water quality is presented graphically so that a rapid assessment of

the range of concentration and average concentrations of parameters for

the sampling period can be made. Thése values are plotted against water
quality criteria in order to assess the severity, duration, and magnitude

of those parameters in violation of criteria.
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Table 2.3-16. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-T1.

!
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Table 2.3-17 Haximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-T2.
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Table2.3-18. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-T3.
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Table2.3-19. Maximum and Minimum concentrat ton, and Mean Values Compared
to Segment Water Quality Criteria for Station H-T4.
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Table 2,.3-20. Maximum and Minimum Concentrationy and 14 At Vadues Compared
to Segment Water Quality Criteria for Station H-TS.
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0 0 ' - —— () — — — — ]
CU, ng/1l Fyomg/l HG, myg /1l 0 & G, mg/1
MAY . == CRITIRIA
IHI/\H ... RANGE
MIN.

n




Table 2.3-271. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-T6.

7 SAMPLLS 7 SAMPLES 8 SAMPLES 10 SAMPLES
150 40,000+ 101 1.0
T - e
100 30,000 ’ 0
3 —r =7 -
S VA B
20,000 / /// Vi aA }
5 L s 7—/// 0.4
_ , /
10,0004 ! S
| — -64“~-~45 0.27
0 ) R — 5 I B
ALK, mqg/] COND., ymho/cm pH TP, mg/1
10 SAMPLES 10 SAMPLES 6 SAMPLES 7 SAMPLES
3.0 — 0.3 TN0? = — | = = 50— —— — — — gy — — —
40 8-
2.0T1 |—=0.24-N0s— — T
- 30 1 G'J
_._.1.05:-——_-—- 0.1 01 4;
!
= 0 OJ 0-
TEN, mg/1 NO. /NO~, mg/1 AS, ng/l PB, 1g/1
& SAMPLES 6 SAMPLES 7 SAMPLES SAMPLES
20 1 ———=5q— ——— 6=r ——~15q-——-—
15 I
4 0
34 1 ]
—==104———- '
t 2
2{ °T
51 )
L } N
0 0 ' oF O_JL
CU. g/ Iy, mg/l HG, mg/l 08& G, my/l
HAX. ===~ CRTILRIA
HEAN /7 RANGL
MIN.

72




Table 2,3-22. Maximun and Minmmum toncentrations and “ean Values Compar o
to Segment Water Quality Criteria for Station H-T7.

6 SAMPLES 7 SAMPLES SAMPLLES 10 SAMPLES
300+ 30,0001 10 1.5T
1 ]
200 20,000+ A e WAy
lT /8 / 0]
Y ey
100F 10,000 / / /// 0.55
Ll L e X
od T o ——— 5 0
ALK, mg/] COND., ymho/cm pH TP, mg/1
10 SAMPLES 10 SAMPLES 6 SAMPLES 9 SAMPLES
39 —==0.39-M2—— == — 50— — | —— gy —— — —
i 40 8
o1 ——-0.2-NC3 — —
A 307 61
¢
____]—_:____"___ 7.1T 20? ‘T
10 = 2
0- o-t oJ 0
TKN, mq/1 NO./NO:, mg/1 AS, g/l PB, 1g/1
6 SAMPLES 7 SAMPLES 8 SAMPLES SAMPLES
-1 =57 ——— 104 — =15y — -
87 4 8
] ;. 6_[' 10 -
47 2 4 1
5T
2 t¥ 2
O 0 . —————-0 ______ O-i-
CY, g/l £, mg/l HG, mg/] 0 & G, mg/]
MAX. ——=—~ CRITLRIA
HEAN 7 RANGE

MIN.
IN 73



Table 2.3-23. Maxinum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-T8.

7 SAMPLES 7 SAMPLLS & SAMPLES 10 SAMPLES
]501"' 25,000][‘ ]O-* ].01
20,000 - o 0.8
. R T
100 15,000 - 8? 0.6-
10,000+ 4 0.4
507. ! ?
L 5,000 —_— = | ——— 0.24
o T 5 o TodT T
ALK, mg/1 COND., ymho/cm pH TP, mg/]
10 SAMPLES 10 SAMPL ES 6 SAMPLES 9 SAMPLES
3 -——-0.39-NO2——}| —— 50— —— — — =504 ——=<~——
40 H 4
Fay — 0.2~ -N0s——
- 30+ 3
20 2T
1-7 0.17 ¥
R } 104 1
0- 0 0- : 0 -
TKN, mg/1 NO.-/HO W, mg/) AS, ng/i PB, ng/1
6 SAMPLLS 7 SAMPLES 9 SAMPLES SAMPLES
———500:]————--—-———010:]—--—-——- 151 -—-—-]57—-—————-
ﬁ\/‘ __,W/\__ .
4 4 0.8-r— B
3 0.6 104 10
]
73 O.J t
51 T
14 0.2
4 . — Y
O"‘ O-‘ O:t O.‘h
cu, ng/l Fyomg/d G, mg/l 0 & G, mg/l
MAY . === P RIA
I MEAR .o RANGE

MIN. 74



Table 2.3-24. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-T19.

5 SAMPLES 6 SAMPLES 7 SAMPLES 9 SAMPLES
- a - -
2003 0,000' 10 0.5
i T
150 30,000 7 0-47
1 e
100 //8% Y, 0. 341
20,000- ) Va / 05 +
1 // // 7" // . -
50 10,000- LA L ol
o NP IR 5 0
ALK, mqg/1 COND., nmho/cm nH TP, my/1
9 SAMPLES 9 SAMPLES 5 SAMPLES 9 SAMPLES
2.0~ — -0.34-N02——} 504 —— —— - 50— ———
B ——
1.5 bl ]
R —-0.24-N03— — 10
__1oy T
20 $
0.5 0.1 # ‘
' T 104 1
0 o.{ 0 0
"TKN, mg/1 NO. /NO .+, mg/1 AS. g/l B, ng/l
€ SAMPLLS 6 SAMPLES 9 SAMPLES SAMPLES
———500:] —_———— ———-10:] ————— 54 :
———— N
1T 34 Y
34
10- 21
24
5 1
T l—
0 O 0-4.- J
Cu, g/ Fomg/l HG, ma/d 0 & G, mg/|
MAX . ==~ CRITLRIA
MEAN . RANGE
MIN.

75




Table2.3-25. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-T10.

6 SAMPLES
100 =

757
]

504~

254

0 -

ALK, mq/]

9 SAMPLES
34

[aN]
1y
4

0

TEN, mqg/1

6 SAMPLES

— — 5004 — —
01—

———

159

10

Clr, ny/l

oo — —— —

6 SAMPILS 7 SAMPLES
15,000+ 10
10,000 - eV

8
4 7.
5,000- _1/// ///
_..6...>_ —_—
_‘;‘0: ————— SJ
COND., ,mho/cn pH
9 SAMPLTS 5 SAMPLFS
0.4 -+ — = 50q————
T
— —0.3~—N0,—— 404
30
—=0.24-N03 ——
20
0.11 10
0=+ 0
NO. /N0, wg/1 AS, g/l
6 SAMPITS 9 SAMPIFS
—-—-—]0]——--—-———- 25 -
—_—_—— -t
20+
34
15 4
2.
10 4
]
Sji
0 —_——— T - ———
Fy, mg/l HG, mg/l

9 SAMI
31

'LES

0 -
TP,

9 SAMP

PB, 11g/1

]

08 G,

SAMPI.

my/ 1

LES

ES

mg/ 1

MAX.
HMEAN
MIN.

1

—= == CRITERIA

< RANGE



Table 2.3-26. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-T11.

6 SAMPLES 6 SAMPLES 7 SAMPLES 10 SAMPLES
1001 20,0007 10+ 2.57
0 0 i
8 J 15,000 i 2.0
60 1.5
10,000+
40+ 1.0
[ 3
—— 20 e 5,000 0.51
—_—r e
o — =3 5 — T pF
ALK, mg/1 COND., ymho/cm pH TP, mg/1
9 SAMPLES 9 SAMPLES 6 SAMPLES 9 SAMPLES
51 ——— 0.3y —— 601 — —-50y————
- NO2 | .
r -y
I IS AT
44 ' 4
- — 0.24——— = 40
3 NO3 - 34
_ O.]:_ 20
I V. S i 14
e
0- 0 0 0
TKN, mg/] NO, /NO, mg/1 AS, g/ PB, ng/1
6 SAMPLES 7 SAMPLES - 9 SAMPLES SAMPLES
-—=5009~— ——— .51 - 1
§ igrate LS NN BT
4—-———\/\—
T 1.0+ 104
3% | .
24 -
0.5 5
14
o e B
Cly g/l Fyomg/l G, mq/l 0& G, mg/l
I MAX. ——==r (RII{RIA
Mt AN ,77.’ < RANGE

MIN.




Table 2.3-27. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-T12.

7 SAMPLES 7 SAMPLLS 7 SAMPLES 10 SAMPLES
601 1,500 - 10+ 3T
b 9_‘
40+ l,ooo—4 2$
—— 20— ———|— 500} — ——— 1
—_
J”
0~ O-J 5 0
ALK, mq/1 COND ., 1mho/cm pH TP, mq/1l
10 SAMPLES 10 SAMPI TS 6 SAMPLES 9 SAMPLES
2.0q _‘0'3"—“746? — =50 ———— | —— 10q————
—— —+
40~ 4~
1.54
R ——0.2d —— ——
T NO; 304 3
1.0-
T T -+ 20% .z-JL
1 0.1
0-51 4 10+ 1
04 0+ 0- 04
TEN, mq/1 NO. /NGO, g/ AS, g/l PBy, ng/l
6 SAMPLES 7 SAMPLES 9 SAMPLES SAMPLES
20~ 1.5y 101 X
154 8
1.0 L
6-‘
- — — 10— —— —
4~
0.54
5
2
; I R
Cl, g/ f, ma/i HG, mqg/l N & G, my/i
MAX . —— == (RITIRIA
I MEAN . RANGLE

MIN. 78



Table 2.3-28. Maximum and Minimum Concentrations and Mean Va]ue'_s Compared
to Segment Water Quality Criteria for Station H-BI.

7 SAMPLES 7 SAMPLLS 8 SAMPLES 10 S/\M_P_I-ES
100# 50,000 10 1.04
T
754 37,5004 0.8+
——r— _/7__....
4 T / , 0.6
A
50 25,000 s ;
d 7-J A 0.4
J 7 e
& _ /
__________ 12,500__ LA O‘Z:L
0- 0- 5- 0~
ALK, mg/1 COND. , pmho/cm pH TP, mg/1
10 SAMPLES 10 SAMPLES 10 SAMPLES 7 SAMPLES
3.0 —==0.39=NOp-——| == =50 = === === = 50§ — — — —
- —W
2.5 i 40- at
2.0 e =(0.2-=NOy =~
. 29~ 30- 3.
].51’
1.0 0.1 0% 2
0.5 ] 10 14
4
04 0 ) 0-
TKN, mg/1 NO./NO:, mg/] AS, g/l PB, ng/l
, —_— e o
7 SAMPLES 10 SAMPLES 10 SAMPLES SAMPLES
-—-500q—=—— == =107 —— —— 15 1 ——-15y—=———
] -
20 8-
10 - 10 1
157 6
10 - N
4 5q 5-;-
5;t 2- !
0 E B
CU, ng/l F, mqg/l HG, mg/ ] 0 & G, mg/)

HMAX.
I HMEAN
HMIN.

==~ (RITIRIA
7T RANGE

79




Table 2.3-29. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-B2.

7 SAMPLES
200.—r

150

[
100+

~f

— —— — —

0
ALK, mg/1

10 SAMPLLS
3..

TKN, mg/1

7 SAMPLES

—— =500 —— ——
.LA___
S —
4—4
I

Cu, ng/l

7 SAMPLES
40,900 5_

30,000 3

—

20,000

10,0004

04
COND. , umho/cm

10 SAMPLES
——-0.37=N02— —

——— 0.2-{—NQ;3~—

0.1

4

NO../NO, mg/1

5 SAMPLES

—— 10 ————

F, mq/l

8 SAMPIES
0

-

7o
0%

71
-
J
pH

6 SAMPLES

— e 50— e

0

AS, ng/l

SAMPLES
10 1
T

235
———g = ———

HG, mg/l

10 SAMPLES
1.0+

0.8

O.6ﬁr

it

0.24

0+
TP, mg/1

PB, 119/1

SAMPLES
—_——15-

- —— ——

10

()

e

0& G, mg/]

MAX.
MEAR
MIN.

1

—== CRITLRIA
T RANGE

80




Table 2.3-30. Maximum and Minimun Concentrations and Mean Values Compared
Lto Segment Water Quality Criteria for Station H-B3.

7 SAMPLES 7 SAMPLLS 3 SAMPLES 10 SAMPLES
150 50,0004 104 1.0
i
40,000 9- 0.8~
100 N T
] 3o,ooo~J'b // / 06 -
20,000 4 e - 0.49
501 // yay J
10,000~ 6 L L 0.2F
OJ OJ SJ -———6; T
ALK, mg/1 COND., 1mho/cm pi TP, mg/1
10 SAMPLES 10 SAMPLES 6 SAMPLES 10 SAMPLES
2.0 ——0.37—N02=~—| — — 50— — — — —-509— 5 ——
| N
.,.5 40-4 4“
—=0.2+4—=N03——
30 3T
1.0
+ 20+ LR
0.1 $ 2
0.5 104 -
3
0- 0 0 0
TEN, mg/1 NO:/NO+, mg/] AS, ng/] PB, ug/1
7 SAMPLES 7 SAMPLES 19 SAMPLES SAMPLES
— =500 = ——| — — - 10— — — — 10 — =I5 —
_—Vg -
204 8- s—r
10
15 . €~
r 6
104 . 4 -
4 T 54
5 2 4 ?
Cu, /N Iy omg/l NG, g/l 0& G, mg/
' |
HAX. T URTIERIA
I M AN .o RANGE

HIN.
81



Table 2.3-31. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-B4.

6 SAMPLES 7 SAMPLES 7 SAMPLES 7 SAMPLES
150 40,000 7 10 0.5
9 0.4]
3O,OOO-Q
100 R A
T 20,0003 t S
L4 ’ 0.24
50 o y ya
10,000 _‘_.-4/6__/__.4:..._ 0.1
0 0 5 OJ
ALK, mq/1 COND. , ymho/cm pH TP, mg/1
7 SAMPLES 7 SAMPLES 6 SAMPLES 7 SAMPLES
2.0- — —0.39~=N0,——| —— So—r—~~ ——-50 5 — —
TV
LsT 107 Y
._.._0.2-_,5_._ —_——
R g N0 30 31
1.0
203 1
0.1
0.5
i . 104 14
J !
0 0 0 0-
TKN, mg/1 NO./NO v, mg/d AS, g/ PB, ng/1
7 SAMPLFS 7 SAMPLES 7 SAMPLES SAMPLES
800 T T T =g — — = a7 ——=l5T———=
2—‘ 8-
O: ‘ 30-
i 10
15+ 6
20
101 4
51
19
0 e .
Ct, g/ Fo omg/) HG, mg/1 0O & G, mqg/l
MAX . == (RITERIA
I MEUAN .0 RANGE

M.
82




Table 2.3-32. Maximum and Minimum Concentrations and Mean Values Compdred

to Segment Water Quality Criteria for Station H-B5.

7 SAMPLLS 7 SAMPLES
1509 40,0001
30,000
100~
4. L
20,000+
50
10,0001
0 O.J
ALK, mg/] COND., pmho/cm
7 SAMPLES 7 SAMPLES
2.0~ -~—-0.3q-N0>,——
T
].51
——=0.2~ N5 =—
1.0
iR
0.1
0.5
TKEN, mg/1 NO. /NO+, mg/1
7 SAMPLES 7 SAMPLES
- — 5004 —-——— ——- 10 ——— =
___\/\__
1004 8-
75:[. 6
504 4
25} 2-
0 o:#
CU, g/ F, mg/t

7 SAMPLES SAMPLES
10 1.01
9 0.8*r
FA
YA | / 0.6+
// ,/.! // //
//7~ s 0.4
///// /,// . ‘*
L ]
6 0.2
5 Y
pH TP, mg/1
6 SAMPLES 7 SAMPLES
—— 50— —— — ——50——— —
— N
S
40+ 4 1
30 31
é
20 2t
104 ik
0- 0~
AS, ng/l PB, 1g/1
7 SAMPLELS SAMPLES
-
5 — =15y = — ——
4-
31 10+
24
54
"...
S, SN |
HG, mg/l 0 & G, my/l

MAX.
HEAN
MIN.

~==—r CRITIRIA
~ "/ RANGE

83



Table 2.3-33. Maximum and Minimum Concentrvations and Hean Volues Compared
to Segment Water Quality Criteria for Station H-B6.

7 SAMPLES 7 SAMPLLS 7 SAMPLLS 7 SAMPLES
150 40,000 10 1.0
30,0001 7 0.89
100 1 1 :;7':7é—f7"'—7"" 0 6--
L s . / = 27
20,000 s ] /” //
50 y ' 0.41
10,000+
0.2+
o 0- ———5F———+
ALK, mg/1 COND., ymho/cm pH TP, mg/1
7 SAMPLES 7 SAMPLES 6 SAMPLES 7 SAMPLES
. ——0.37"N02—— == B0 | _ —_————
2.0 3 Fl 0 O] 1
-Ar .—.r_\/\__-
].5__ 40“ 4“"
-—— 0.2-FNO3—— +

R 30 3
of ;
- 20 2
0.1

0.57 104 1
0~ ok 0 0
TKN, mg/1 NO./NO v, mg/) AS, g/l PB, ng/1
7 SAMPLES 7 SAMPLES 7 SAMPLES SAMPLES
——500] = ———| = —-10q— ——— 15 —— - 15 —— - —
—_—
204 8-
-+ ' 104 10
154 6~ 0 °
10+ ‘4~ l
51 57
5- 2 ‘
0 O# : —_—— - 0
CU, ng/l F,omg/l HGL mg /] 0 &% G, mg/l
MAX. ===~ (CRITIRIA
MEAN T RANGY

MIN. 84



Table 2.3-34, Maximum and Minvmme Concentrat ton caned oo vaiuos Compareu
to Segment Water Quality Criteria for Station H-B7.

7 SAMPLES 7 SAMPLES 7 SAMPLES 7 SAMPLES
150 50,000~ 10— 1.0+
AOyOOO' g + 0-8:-
S I SO T
,000 83 / .6
/S % //
20,000+ 4 1 UL |
50 1 Vs / /
10,000- A —ledd— Lo 024
. o . ST p—
ALK, mg/1 COND., wmho/cin pH TP, mg/1
7 SAMPLES 7 SAMPLES b SAMPLES 7 SAMPLES
2.0 ”—“O.}"NO?———-—~——w50ﬂ-————~'—'“““'50] ~~~~~
T A—
404 44"
1.5
— —0.2-—N03——
i # 301 3
1.0+
L 20 2
0.1+ 1F
0.5+ . .
- 10 4= l]
0- 0-[ OJ 0
TKN, mg/1 NO./NO~, mg/1 AS. g/l PB, 1g/1
7 SAMPLES 7 SAMPLES 7 SAMPLES SAMPLES
—===500q—— — —| —— 10— ——— 154 ——-15q— —— —
: 8- i
10 4 —
3 6l 10
2 4 ]
54 5 -4
1 24
0 0 . - 0¥ 0+
CU, ng/il F, mq/l HG, myg/] 0 & G, mg/1
MAX. T CRITLRIA
I MICAN .7 RANGE

MIN.
85




Table 2.3-35. Haximum and Minimum Concentratrons and Hean Values Compar e
to Segment Water Quality Criteria for Station H-BS.

/7 SAMPITS 7 SAMPLLES 8 SAMPLLS 19 SAMPLES
150 50,000 104 10—
40,000 9 0.3
100 4 | A ey -
. 39,000 / 8 0.6
L T
o/ |
20,000 - 7 0.4+
/]
10,000 1 — L ——f] L — L 0.2
. . A e
ALK, mq/1 COND., ymho/cm pH TP, ma/]
10 SAMPLES 10 SAMPLES 6 SAMPLIS 10 SAMPLES
2.0 ——0.37N02— — |— — - 50 —— — — — — 50— —— —
4 0+ 4
1.54.
——-0.2-4-N03— —

30+ | 34-
- 104

N

0.54

= ' 10 4 1-
0- oé o—J 0-~
TEN, mg/1 RO, /NO =y mg/ AS, g/ PB, 1g/1
7 SAMPLTES 10 SAHPLES 7 SAMPLES SAMPLES
—— -5001————(— —10q—— —— 1.0 — 15— ——
-1 N
4 1 8- 0.8
T ] -
3 6 0.6 1
} ;
2 4 - 0.9 5 |
|
11 2 0.2 :
—_—— e ——— |
0- 0 } 0J f 0J_
CYU. g I, mag/l HG, mg/ ] ‘ 0& G, my/l
| J
MAX. === (RII[RIA
I HMEAN .. RANGE

MIN. 86



Table 2, 3-36, Max i and Minvms toncenty v

Ayl

ra
il

arow e Lompar ed

to Segment Water Quality Criteria for Station H-DBY.

7 SAMPLES
250 -

200

1504
L

<
100+

e

507

Oc-l
ALK, mg/1

7 SAMPLES
3’1

O-J

TEN, mg/1

50,000

40,000

30,000 3
20,000 n

10,000 -

0.4

-

7 SAMPLES

— =500y — ——
T A
4

Cy, g/

N
R
14
.
0 +

6 SAMPLES

COND., ypmho/cm

8 SAMPLLS

NO./NO3, mg/1

7 SAMPLES

— — 10— ——

F, mg/d

8 SAMPLES

7 SAMPLLS
10

203;

104

Od
AS, g/l

1.0

0.81

0.6 1

0.4 1

HG, myg/l

B ettt

7 SAMPLES
1.0

0.8 .

0.67

0.4

0.2

———— e | ——— —

0
TP, my/1

7 SAMPLES

SRS 7o PR ——
-J___‘/\__.

10 1

O-ﬂ-

0 & G, mg/}

MAX.
HMEAN
HMIN.

~—=—~CRITIRIA

L

87

.7 RANGE



Table 2.3-37. Maximum and Minimum Loncentrat ions and Mean Yalues Compar od
to Segment Water Quality Criteria for Station H-B10.

7 SAMPLIS

150

100

507

——

— — =500

ALK, mq/1

8 SAMPLES

3"
T

0
TEN, mg/1

6 SAMPLLS

4 -

e e
o

7 SAMPLLS
50,000

40,()001
30,000+

20,000

10,000

Q-

COND., 1mho/cm

8 SAMPLLS
" 0.37NO>— —

——0.2-—=N03 — -

0.1
01

NO. /HO v, mg/1

8 SAMPLES

— ]y —— —

Fy mng/i

7

SAMPLLES
107

8 SAMPLLS
1.0 1

0.9
0.6
0.4+

»

0.2

6 SAMPLES

AS, na/l

7 SAMPLES
1.0-1"
0.8
0.6

0.4+

0.2-

R R

HG, m/]

L =

O-d

TP, wmg/1

& SAMPLES
—— 50— — ——
—

T

PB, 1g/1

SAMPLES

— — =15+

10

O—t—

0 & G,

ma/ |

MAX.
HEAN
MIN.

1

T CRETERIA

88

. RANGE




Table 2.3-3g, Maximum and Minimum Concentyationy and fean values Compdred
to Segment Water Quality Criteria for Station H-B1].

— —-501

7 SAMPLLS
104

A

z /
6 /-Z— o.zj

6 SAMPLES

401
30
20

10t
0]

AS, ng/l

7 SAMPLES
1.0
O.83F

0.6

HG, mg/1

e o —

7 SAMPLES
] . l);r

0.8

0.6+

TP, mg/1

7 SAMPLES
—— .50_‘ ___A: —_—
—_— N

PB, 1g/1

SAMPLES
___.__]5_r.__.____

104

ol

0 & G, mg/1

—>=7~ CRIT(RIA

7 SAMPLES 7 SAMPILES
150~l 50,000
¥ ao,ooo-i
-
100+
30,000+
20,0004
50
10,000-
0 0-
ALK, mg/1 COND., ymho/cm
7 SAMPLES 7 SAMPLES
2.0 — —-0.39-103— —
1.5
T — —0.2~~N02——
1.0#
e 0. ]’
0.5+
0 oJL-
TKN, mg/1 NO. /N0, mg/1
6 SAMPLES 7 SAMPLES
—==5007~ —— — 157
——
20:_ 4~
— ]O.. _____
154
104
5—-
51
0 0
CU, pg/l Iy omg/l
MAX.
:I: MUAN
MIN.

89

-/ / RANGE



Table 2.3-39. Maximum and Mintmuw Concentr ofon.,

aned

g,

volues Comyat el

to Segment Water Quality Criteria for Station H-012.

2 SAMPLES 2 SAMPLES 2 SAMPLES 2 SAMPLES
150 50,000 101 1.0
40,000 9+ 0.8+
1004 A WA T
30,0001 //8
20,000+ '
50 -
]O’OOO'
0 0- T
ALK, mg/1 COND., umho/cm pH TP, mg/)
2 SAMPLES 2 SAMPLES 2 SAMPLES 2 SAMPLES
2.5 ——-0.39-N02——|— —— 50— = =507 =—— -
—_——— N
2.0 404 4 -
——0.24—nNp5——
- 1.5 ’ 30 37
1.07 20+ 2+
0.1
0.5+ 10 14
TEN, mg/1 NO./NOs, mg/1 AS, ng/1 PB, 11g/1
2 SAMPLES 2 SAMPLES 2 SAMPLES SAMPLES
—=300q— ===~ 0 — —— — 1.0 ~—-——15-T—-————
41 81 0.8
3 6 0.6+ 107
2i o 0.4
5--
14 2 0.2+
oJ 0 0- o-J-
CU, ng/l F, mg/ HG, mq/] 0 & G, mgN
MAX. ~7 =/~ CRITLRIA
I MEAN -/ /7 RANGE
MIN.
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Table 2.3-40. Maximum and Minimum Loncentrations and rhun} anugs Compar ed
to Segment Water Quality Criteria for Station H-B13.

7 SAMPLIS
200

T

————_—bjr-—_'—-——
ALK, mq/1

9 SAMPLLS
1.01
0.8-
0.6
0.4+

0.2]

n

TEN, mqg/ 1

6 SAMPI[S

— =500 — x——
—_——

40+

301

20 7

T
10
1

CU, Uq/]

7 SAMPLLS

S0,000TE

40,0004
30,000+
20,0004

10,0004

o

3 SAnPLTS

s

F, mg/

COND., nmho/cm

9 SAMPLES
—=0.39-N0O>,——
—~=0.24—noy- —

0. 14

NO. /HO +, mg/ 1

8 SAMPLTS

6 SAMPLES

—— e B0y — — —

40+
301

20#

104
0

AS. g/l

6 SAMPLES

1.0
f

0.6+

0.8

0.4

0.24

o

HGL g/

9 SAMPLLS
1.0

0. 31
0.6+

0.0

0.2

————— e

0
TP, mg/1

8 SAMPLES

———

0~
PB, llg/]

SAMPLES
15

101

T
oL

0 & G, mg/

MAX.
HMiTAN
HIN.

1

= CRITIRIA
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Table 2.3-47 Maximm oo Mintns concentr 1t von

.”,l'

Soan ey Compar e

to Seygment Water Quality Criteria for Station H-B14.

T

7 SAMPLES
250~f

200+
]501[
100-

50

ALK, mq/1

7 SAMPLES
2.01

T

1.54

1.0 #

e

0.5+

o -

TKN, mg/1

7 SAMPLES

— —500-—— —

-_.\/L_

20
154

107

5

0

CU, g/

40,00

20,00

COND.

30,000:

10,0004

0-

7 SAMPLES
—-0.39—N0p——

— —0.24

0.7+

0

5 SAMPLES
50,000

0

e

04

, tmho/cm

$

NO.-/NO v, mqg/1

5 SAMPLES

oy — - —

—NO3;——

/
J

a

e

_.__‘—..-50—-

7 SAMILES
101

9-

Y

-k

5

pH

6 SAMPLES

40

o

104+
0

AS, g/

7 SAMPLES
1.0

0.8
0.6
0.4+

0.2+

o

HG, mg /)

/

_.7..—/—.— g,

’//8; ,’/
R

7 SAMPLES
1.0 4

0.8 1

0.6
T
0.4 4

0. 24
4

0-4
TP, mg/1

7 SAMPLES

s

_.._—.\/;

PB, ng/1l

SAMPLES

—_— 1By ——

10 4

5T

N

— e ——

0& G, mg/l

1

MAX.
MEAN
MIN.

——==rCRITIRIA

v
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Table2.3-42.hhximum and Minimum Concentrations

and Mean Valyes Compared
to Segment Water Quality Criteria f

or Station H-B15.

7 SAMPLES 7 SAMPLES 7 SAMPLES 7 SAMPLES
250 4 50,000 10 0.59
200+ 40,000 9- 0.4
— |
150 30,000- / //8?P/ VY
) a4 /7 //// /
100 20,000 /// S S 0.2
/ ////
50— 10,0004 0 = 0.1
B e ’ o
ALK, mg/1 COND., ymho/cm pH TP, mg/1
— — T
7 SAMPLES 7 SAMPLES 6 SAMPLES 7 SAMPLES
1.5 —o3——mrm~m——5mﬁ~—~—~——uw]-——~
40+ 84
1.04 T -N03— — -
- 0.2+ 39 6
w} 4
0.54 0.1
104 2
OJ 0 OJ 0
TKN, mg/1 NO2/NOs, mg/1 AS, g/ PB, g/
— —_— T——
7 SAMP|ES 5 SAMPLES 7 SAMPLES SAMPLES
5009 ~—— 154 1.0 TSy — -
401 0.8
T 10— ——— ] 0~
307 0.6 19
-
20~ 0.4
5 ST
IOjk 0.2
0 0 0- oL
CU, g/ Fy mg/ HG, mg /0 0 & G, mg/i

MAX.
HIUAN

MIN.

===~ CRIT(RIA
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Table 2.3-43, Maximum and Minimum Concentrations and Mvag Vatues Compared
to Segyment Water Quality Criteria for Station H-BI6.

7 SAMPLES 7 SAMPLES 7 SAMPLES 7 SAMPLES
2503 50,000 10 0.5
2001 40,000 1 1. 0.4
/— 3
150 30,000 8? S 003
b YAV $
1007 20,000 - /74, / 0.2 4
50 10,000 1 -4/—— 6"‘/— — 0.14
AT 0 5 - 0
ALK, mg/1 COND., ymho/cm pH TP, mg/1
7 SAMPLES 7 SAMPLES 6 SAMPLES 7 SAMPLES
2.57 — =0.39=N0r—~—~—| — — 50y~ — — — ——-50y————
A
4 o Ve
2.0 40+ 41
J? ——0.2-{-N03 ——
1.5 4 30- 34
1.0+ 20 2+
0.1- $
0.5] 104 14
0 - o:I 0 - 0~
TKN, mg/1 NO./NO:, mg/1 AS, ng/1 PB, ng/1
7 SAMPLES 7 SAMPLES 7 SAMPLES SAMPLES
== =500~ — |~ =10y —— —— 1.0‘1’ —-—15-T—————-—
4 8- 0.8+
4 104
3 6 0.6 -
24 4- 0.2
5
1 2# 0.2
O-J O—b O-J O--
CU, ng/1 F, mg/1 HG, mq/] 0 & G, mg/]
MAX. 2 /r'CRIT[RIA
I MEAN “ /" 7 RANGE
MIN.
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Table 2.3-44, Maximum and Minimum Concentratvons and Hean Values Compared
to Segment Water Quality Criteria for Station H-BI7.

7 SAMPLES 7 SAMPLES 8 SAMPLES 10 SAMPLES
1507 50,000 T 10~ 0.5an
40,000't 9 0.4
1003 ] 7 Tg?{_‘ '"/'7 ] ]
0,000 - S 0.3
s /1,/ /.‘ / //
. / V4 S S A
. AR E ’ 0.2 9
50_ 20 ] OOO . /’/, / / ///
R 10,000 L L — 0.1:.—_*—
0 0 - 5 0
ALK, mg/1 COND., pmho/cm pH TP, mg/1
10 SAMPLES 10 SAMPLES 6 SAMPLES 9 SAMPLES
1.5 T 0.3 N0z T - — 50— —— ———= 507 —;— —~
:"r,\___.
. 40+ 41
.07 ——0.2-pgs——
- ¢ 301 3T
204 28
0.5 0.1 $
}- 104 11
TKN, mg/1 NO»/NOs, mg/1 AS, ng/l PB, 1g/1
9 S/\MPLES 9 SAMPLES 7 SAMPLES SAMPLES
— =500p———>— 257 1.0 —— 15— - —=
_— AN
204 201 0.%
i 104
157 151 0.6+
10- — =10 —=——- 0.44
5-"-
5# | SI ().2:-
0 0 ' 0 OJL
CU, g/l F, mg/l HG, mg/] 0 & G, mg/1
MAX. ~>=~CRITLRIA
}: MEAN 7/ RANGE
MIN.
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Table 2.3-45. Maximum and Minimum Concentrations and Mean Values Compared
to Segment Water Quality Criteria for Station H-B18.

6 SAMFLES 6 SAMPLES 6 SAMPLES 6 SAMPLES
150 4 50,000 10 0.59
-
40,000 9 0.4+
loojf I N
- 30,000 / ! Y 0.3~
SVZNRS R +
20,000 7 4 S .2
50 0,000 AV S 0.2
ya ! / .
10,000 - —Ln 6 L 0.13
ALK, mg/1 COND., rmho/cm pH TP, mg/1
6 SAMPLES SAMPLES 5 SAMPLES 5 SAMPLES
2,53 = 0.37 = N0p{ — — 509 —— ——| —— 509 — = — —
[ i*fr -
2.0- 40 20 -
——0.2{—— NO; ‘
~ 1.5- 304 15
0.5+ 104- 5 4
O-J 0£ ()J 0].
TKN, mg/1 NO:/NO+, mg/] AS, ng/1 PB, g/l
5 SAMPLES >  SAMPLES 6 samMPLES SAMPLES
— =500 — — — — 20 ' 1.0 X
T I
20 A T 0.84
15 ]
] 4
157 0.6
— ]O.__.....-—_._
10 0.4 4
4 5
54 0.2-
0 0 : 0 ]
CU, g/ F, mg/l NG, mg/] 0 & G, my/)
I MAX. —==r(RITCRIA
‘ MFAN 7 RANGE
MIN. 96




3.5

Intensive Sampling

Intensive sampling was performed in Charlotte Harbor during June, 1977.
Six harbor stations were sampled on alternate days until eight samples

were collected.

The sampling results are presented in Figures 2.3-1 and 2.3-2. In
Figure 2.3-1 nitrogen concentrations for each sampling round are
plotted against longitudinal distance in the harbor. The results of
the first round, #1, are shown in the bottom plot, with the results of
the final round, #8, shown in the top plot. A similar presentation of

total phosphorus concentrations is given in Figure 2.3-2.

The concentration scales are identical for each plot on the same figure
in order to facilitate comparisons of sampling rounds. The plots
graphically point out two key intensive sampling results. First, the
variation along the harbor of constituent concentration generally
decreases toward the Gulf of Mexico. This result is compatible with
overall background sampling results. Second, the levels of these con-
stituents do not change noticeably during short time intervals, under

the conditions existing during this sampling effort.
Conditions during sampling were drier than anticipated. Coincident

storm sampling efforts verified virtually no runoff from upland canals

to the harbor during intensive sampling. Several large rainfalls
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occurred, yet canal levels were so low that water levels, although
rising, did not rise enough to produce much discharge to the harbor.
Peace River flows are also important to harbor nutrient loads. Daily

river flows during sampling are shown in Figure 2.3-3.

As can be seen in the graph, river discharge increased during the
intensive survey. Flows as recorded at Arcadia increased about 500
percent in a single day. One of the reasons for performing intensive
sampling during early June was to experience changing river discharge.
Because the marked increase in flow occurred near the end of the sched-
uled sampling, its effects were not detected completely. Had the same
increase happened near the ninth or eleventh month, there would have
been better opportunity to detect influences of changing flow. No sig-
nificant water quality changes are noticeabale in the graphs of Figures
2.3-1 and 2.3-2. However, both nitrogen and phosphorus levels
slightly decrease on June 22 (Round #8). No water quality data for
river water during June is available, so further comment of short-term

impact of the flow increase is not possible.

Intensive sampling occurred under a specific, limited set of hydrologic
and meteorologic circumstances. Therefore, the results obtained are
not general; however, within this limitation, a summary can be made.
The results obtained indicate that harbor water quality changes slowly

relative to daily time frames. Therefore, monthly sampling, as
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performed in part of this case study, is probably adequate to
characterize harbor-scale water quality. Smaller-scale water quality

issues may have to be studied using daily or more frequent sampling.
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4.0 DISCUSSION OF STORM EVENT SAMPLING RESULTS

4.1

Introduction

The subsections which follow present a summary of storm event sampling

- results for the Charlotte Harbor Case Study.

The watersheds in the study area were sampled during runoff from rain-
fall events. These watersheds represent open, canal residential popu-

lated, and canal residential unpopulated land uses, respectively.

Sampling took place in September and October, 1976, and in June, 1977.
During the 1976 sampling, lighter than average rainfall took place, and
this affected the program results. Out of four planned storm events at
two sites, only one event was sampled. No events were sampled at the
site representing canal-type development (H-R1). For this reason addi-
tional sampling was planned for 1977, but the constituent analyses per-
formed on the additional samples were few because of limited program
funds. 1In all, one storm at each of three sites, H-R2, H-R3, and H-R4,

was sampled.

The purposes of the storm event sampling were only partially fulfilled,
because all planned storms were not encountered and constituent analy-
ses were limited. Also, the 1977 sampling results have restricted
usefulness because very little runoff from the canals occurred during

sampling. 1In 1977, ample rain fell on the small basins, contrary to
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the circumstances during 1976 sampling. However, because water levels
in the canals were below overflow level when the sampling effort began,
the rainfall runoff mostly caused water level rises. Only after
several small rainfalls did the canals begin to overflow, and then

outflow amounts were very small.

This lack of canal outflow caused a slight modification of the sampling
procedure. Samples were taken at previously designated points, but

sampling times were arbitrarily adjusted to span several days. Collec-
tion times were lengthened to account for the large storage capacity of

the canals relative to the amount of outflow observed.

To the extent possible, the results of the sampling have been used to
develop region-specific nonpoint pollutant loading data. Results have
also been compared against literature values for comparable land uses.

The details of the use of these data are given in other sections.

Selected graphs accompany the commentary for each land use category.
Graphs are grouped at the close of each land use subsection. Different
plots show flow, pollutant concentration, and pollutant loads versus
time during runoff. Additional graphs present hydrographs which show
flow or discharge in cubic feet per second (cfs) versus time in minutes
from start of runoff. Pollutographs indicate pollutant concentration,

in milligrams per liter (mg/1), versus time from runoff start.
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Loadograph plots of pollutant (substance) load, in pounds per minute,
versus time are given. Using more precise terms, these loadographs

show, not substance load, but loading rate versus time. By plotting
-loading rate versus time, the total pollutant load is represented by

the area on the graph under the curve.

Graphs are not included for all constituents, just as the commentary

0es no nly significant aspects

of the laboratory analysis and only representative graphs are included.

The number of plots has been limited to improve document format.

the waste loads projections--total nitrogen (TN) and total phosphorus

(TP), plus the metals constituent--lead (PB).

In some cases, water quality data are reported as below detection lim-
its for the analysis methods used. In these instances, it is proper to
report the value of constituent concentration as lower than a certain
value, the detection limit, rather than to report a zero value. In the
graphs in this section, these values have been denoted with circled

data points.
This section presents summaries of the water quality constituent and

flow data gathered during the storm event sampling efforts. Each land

use is considered separately, and key points regarding the sampling
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results are noted. The commentaries are generally qualitative in con-
tent. Emphasis has not been placed on repeating numbers; instead,
explanations of pollutant levels relative to water quality criteria are
used. In addition, the times during the runoff occurrence that notable
phenomena, e.g., discernable peaks of pollutant concentration occurring

early, or late, or at mid-times, are pointed out.
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4.2 Open Land Site--Station H-R2

Site H-RZ is located on the north fork of Alligator Creek at the Jones
Loop Road bridge crossing. The drainage basin is approximately 3
square miles in area. It consists of open space, woodlands, and some
pasture area. Portions of the watershed have been influenced by pre-
liminary development activities. Some surface drainage ditches have
been dug and roadways cleared; however, there has been no paving, and
only two or three residences exist in the basin. Because of flat topo-
graphy, most drainage occurs as a result of percolation to the shallow
water table and then by interflow to grassy ditches. Surface drainage
is routed via these ditches to larger ditches, which are also grassy,

and ultimately to the creek.

One storm was encountered at H-R2 in September, 1976. More than 1 inch
of rain fell, and no other events occurred during the three-day sam-
pling period. The hydrograph for this event is shown in Figure 2.4-1.
Runoff varied from base flow conditions of about 2 cubic feet per sec-
ond (cfs) to a peak of about 10 cfs which occurred a day after the rain
fell. After another day, flow had decreased but remained above base

flow.

Selected comments regarding the results of analysis performed on sam-
ples taken at H-R2 are as follows:
1. Suspended solids levels are extremely low.

2. Color levels significantly peak at the time of maximum flow.
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3.

6.

Fecal coliform values vary from extremely low to moderately

high. Fecal strept values do not seem to depend on flow.
Ratios suggest animal sources.

Nutrients are present in high concentrations; however, phos-
phorus excesses are more pronounced. Increases in phosphorus
and nitrogen occur with flow. Pollutographs and loadographs
for total nitrogen and phosphorus are presented in Figures
2.4-2 through 2.4-5. While the concentrations vary irregu-
larly, the loads show pronounced peaks which correspond with
the peak flow at about 1,500 minutes.

Mercury levels are usually low. A single severe exceeding of
acceptable levels occurs, and it happens near the beginning of
the runoff. No other metals excesses are noted. For compari-
son purposes, the pollutograph and loadograph for lead are
shown in Figures 2.4-6 and 2.4-7, respectively. Both levels
and loads are very low. The small load peak occurs prior to

peak flow.

Fluoride levels are low.
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4.3 Residential Canal Development--Stations H-R3 and H-R4

Storm event sites H-R3 and H-R4 are in the Port Charlotte area. H-R3
is located near U.S. Highway 41 and Olean Boulevard at an outflow cul-
vert from a canal surrounded by single- and multi-family residences.
H-R4 is located near Florida Highway 771 near Collinswood Street on an
outfiow stream from a canal in an unpopulated, but developed area. The
watershed has been cleared, paved roadways laid, and of course, canals

dug; however, no houses have yet been built.

At H-R3, seven rainfalls took place dropping a total of 2.8 inches at
the sampling site. A total of 3.62 inches were recorded at another
place in the basin. As a result, water levels rose continually during
an eight-day sampling span. The overall rise was about 9 inches,
producing a trace of canal outflow at the highest water levels. No
hydrograph exists for H-R3 due to the meager outflow. The basin area
is about 300 acres. The approximate 3 inches of rain falling over the
300 acres totals about 25 million gallons of water, of which only a

trace ran out of the basin.

At H-R4, minimal discharge occurred throughout an eight-day sampling
period. Figure 2.4-8 shows the hydrograph during sampling. A small
weir was constructed to help gage the very small flow, which varied
from less than 0.018 cubic feet per second (cfs) to a maximum of about
0.066 cfs. Average discharge rate during the period was approximately
0.046 cfs, which equals a total discharge of about 240,000 gallons of

water. Rainfalls occurred on six days during sampling and varied in
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amounts on different days and at different locations in the watershed.
More than two inches of rain (2.075 inches) were recorded at the sam-
pling site, and nearly one inch (0.875 inch and 0.955 inch) was recor-
ded at each of the other rain gages. The watershed area is slightly
greater than 1,500 acres. If an average of 1.5 inches of rain fell
over the 1,500 acres, a total of about 61 million gallons of water
would be collected. As noted above, only about one-quarter million
gallons flowed out of the canal. At both sites, much more rain fell
than ran out of the watershed. Most of this water was stored in the

canals and nearby ground.

Very limited constituent analyses were performed on samples taken at
H-R3 and H-R4. Pertinent results are as follows:

(1) Suspended solids levels are not excessive at either site.
H-R3 levels are several times the levels at H-R4.

(2) Mercury levels are higher than receiving water quality
standards. Lead levels are very low.

(3) Nutrient levels are high at H-R3. Most phosphorus is in
suspended form at both sites. Total nitrogen is about
three times higher at H-R3 than at H-R4. Because ammonia
nitrogen occurs at both sites, most of the higher nitrogen
at H-R3 is organic in nature. Nitrite plus nitrate levels
are generally low. Figures 2.4-9 and 2.4-10 show H-R3
poliutographs for nitrogen and phosphorus, respectively.
Figures 2.4-11 and 2.4-12 are pollutographs at H-R4.

Because of meager flows, loadographs are not included.
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4.4 Summary

The primary purpose of storm event sampling has been to acquire pollu-
tant loading quantification according to specific land uses. The
results of such analysis are discussed in other sections; however, some

general comments of a qualitative nature can be presented here.

At H-RZ2, the suspended solids concentrations are unusually low. No
other storm event sampled indicates such low values. A possible
explanation is that the basin is very grassy and that the flat topog-
raphy of the basin causes water to drain very slowly. The color of
water increases directly with flow, which tends to indicate a differ-
ent regime of water occurring during runoff. Fecal strept/fecal
coliform ratios are high, which suggests no pollution from human
wasteé. Phosphorus and oxidized nitrogen values clearly peak at the

same time, which suggests that both come from the same source.

Limited data at H-R3 and H-R4 preclude a detailed discussion here.
Nutrient datd seem to reveal the effects of population on nonpoint
loads. Higher levels in populated areas are pronounced. Furthermore,
the high total nitrogen is mostly organic nitrogen at H-R3, the popu-
lated area. Low ammonia levels suggest low fecal pollution, which may
be expected since the area is served by sanitary sewers. Perhaps high
organic levels are due to grass cuttings being washed into and disposed
of into the canal. Another possibility is that lawn fertilization by

homeowners enriches the canal via runoff to such a level that aquatic
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plants are overabundant. In either case, the presence of people is

noticeable in comparing water qualities of the two canals.

Limited data at H-R3 and H-R4 also restrict comparison between open
land versus canaled, residential areas. Lead levels are low every-
where, and are not noticeably different at any of the sites. Neither
urban versus nonurban nor populated versus nonpopulated differences are
shown by the data. The urban canaled areas differ from other urban
areas by not revealing high, or at least higher than nonurban, lead

levels.

Total nitrogen levels are significantly higher in the populated water-
shed than in either of the other two basins. Again, lawn fertilizing
may be a cause. The relative portion of total nitrogen attributable to
ammonia nitrogen is much higher in the open area. Perhaps fecal matter

from previous pastureland use is the reason.
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5.0 ESTIMATION OF POLLUTANT LOADINGS FOR PRESENT AND FUTURE CONDITIONS

5.1 Analysis Technigues for Calculations and Projection of Nonpoint
Source Loads

Data at H-R2 were the only data from this case study suitable for
loading analysis, because insufficient runoff occurred at H-R3 and H-R4.
The H-R2 data described in the preceding section were analyzed to
determine the volume of runoff and total mass of poliutant substance
carried by the runoff waters. Total nitrogen (TN) and total phosphorus
(TP) were the substances considered for the storm event, because these

were the only pollutants considered in the loads allocation process.

After reconstructing the runoff hydrograph for the storm event, the
volume of runoff was determined by computing the area under the hydro-
graph. The total volume of runoff resulting from this storm event was

calculated as 1,130,000 cubic feet.

The mass of poliutants for the storm event was determined by multiplyina
the measured instantanéous flow by the instantaneous pollutant concen-
tration to generate a loadograph. The area under the curve of this plot
represents pollutant mass or load resulting from the storm event. This
mass was calculated to be 67 pounds of nitrogen and 21 pounds of

phosphorus.
Also the flow-weighted concentration of each pollutant was calculated.

The flow-weighted concentration is derived from the total runoff volume

and the corresponding runoff pollutant load, dividing load by volume
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and the corresponding runoff poliutant load. Dividing load by volume
and correcting for proper units yields the following values: 0.94 mg/1
nitrogen and 0.30 mg/1 phosphorus. These levels compare well with
Titerature values for similar land uses, and indicate high nitrogen and

very high phosphorus content in runoff waters.

Sufficient data were not available to determine site specific nonpoint
pollutant loading factors from different land uses in this case study
area. The differences between canal-type urban areas and those without
canals could not be studied conclusively, because good pollutant
loading data for the canaled areas were not available. Therefore, the
site specific relationships derived between runoff flow-weighted
pollutant concentration and percent imperviousness in the Phillippi

Creek case study were also used in this case study.

In the Phillippi Creek study, the procedures for estimating present and
future nonpoint waste loads involved: (1) developing relationships
between storm event water quality of runoff for TN and TP, and the land
use characteristics of sampled watersheds; (2) verifying the validity
of these relationships by comparing the calculated pollutant loads with
the available instream water quality data; and (3) applying the
selected relationships to estimate present and future nonpoint waste

Toads for several subwatersheds within the case study area.
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The land use characteristics of each subwatershed were expressed in
terms of gross population density and composite percent imperviousness.
These parameters were derived from the land use and population data of

each sampled subwatershed.

In order to relate the nonpoint pollutant loads to the land use charac-
teristics, the flow-weighted concentration of each pollutant was plotted
against the gross population density as well as against the percent
imperviousness. Plots of flow-weighted concentrations versus percent
showed a better fit than the corresponding plots against population
density. Based on these plots the following regression equations were
developed. They mathematically relate the concentrations of substance
in runoff water from a watershed to the percent imperviousness (% Imp)

of the watershed.
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The relationships derived in the Phillippi Creek case study are as

follows:
TN = (0,010)(% Imp) + 1.757
TP = (-0.003)(% Imp) + 0.605

where: TN = total nitrogen concentration (mg/1)
TP = total phosphorus concentration (mg/1)
% Imp = composite percent imperviousness for the

watershed

The assigned values of percent imperviousness for the Charlotte Harbor
land use categories shown in Table 2.5-1 were area-weighted to deter-
mine the composite percent imperviousnesses for the watersheds. ﬁote
that the percent imperviousness for canal type residential development
is 50 percent while that for typical residential development is 40
percent. This is because in the Port Charlotte area examined, the
houses are spaced closer together than in other areas compared. Also,
the land surface area in the vicinity is reduced because substantial
surface area is taken up by canals. The water surface is not counted

in the percent imperviousness area computations.
Knowing the percent imperviousness for the watershed, the flow-weighted

concentrations of total nitrogen and total phosphorus were computed

using the equations given above. Figure 2.5-1 was used to determine
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Table 2.5-1. Imperviousness Factors According to Land Use, Charlotte

Harbor
Land Use % Imperviousness

Residential 40
Residential 50
(Canal Type)

Commercial 80
Open and Other Urban 15
Cropland 0
Pastureland 0
Other Nonurban 0
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the runoff coefficients for the watersheds, knowing the percent

imperviousness.

Knowing the runoff coefficient, the volume of runoff was computed by
month by using the following formula:
Vm = C\RHA

where Vg, = monthly volume of runoff for month m;

Cy = runoff coefficient;
Rm = monthly rainfall; and

A

area of watershed

The nonpoint pollutant loads were calculated by month by multiplying
the monthly runoff volumes by the mean pollutant concentrations. For
example, for month 1, the mass or load of nitrogen would be pounds TN =

Vi - TN.
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5.2 Nonpoint Pollutant Loads

For the purpose of calculating nonpoint pollutant loads, the study area
was divided into nine subwatersheds. The delineation of these
subwatersheds is shown in Figure 2.5-2 and was based on the
segmentation of Charlotte Harbor. The segmentation of the harbor was

done for water quality modeling purposes and is discussed in Subsection

6.0.

Nonpoint pollutant loads were calculated for Subwatersheds 1 through 7
in the Charlotte Harbor basin using techniques described in the pre-
ceding subsection. Pollutant loads for Subwatersheds 8 and 9 will be

discussed in Subsection 5.5.

The percent imperviousnesses were computed for Subwatersheds 1 through
7 for years 1976, 1978, 1983, 1988, 1993, and 1998 based on the land
use data presented in Tables 2.5-2 through 2.5-8. The percent imper-

viousness for each subwatershed is shown in Table 2.5-9.
Knowing the percent imperviousness for each subwatershed, the mean
pollutant concentrations were determined using equations presented in

the preceding subsection.

The runoff coefficients for each subwatershed were determined using

Figure 2.5-1, knowing the percent imperviousness for each subwatershed.
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NOTE: NUMBERS 1 -9
INDICATE WATERSHEDS

USGS
STATION
#02294650
Jusaes %

n
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GS
g uscs #02298750

< STATION
= #02298830
== X

ESE

N STATION
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D Z Y ——

0 5 10 20
SCALE IN MILES

FIGURE 2.5-2
WATERSHED DELINEATION, CHARLOTTE HARBOR STUDY AREA
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Table 2.5-9.

Charlotte Harbor Study Area, Subwatershed Percent
Imperviousness

Subwatershed Composite Percent Imperviousness

Year 1 2 3 4 5 6 7

1977 11.0 4.8 4.4 1.5 2.6 2.6 1.1
1978 11.1 4.9 4.4 1.5 2.7 2.6 1.1
1983 11.5 6.7 4.7 1.8 2.9 2.9 1.1
1988 13.4 7.4 4.8 1.8 3.3 3.3 1.2
1993 14.4 7.8 5.9 2.0 3.5 3.9 1.3
1998 15.0 9.2 8.3 2.1 3.7 4.5 1.4
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The monthly runoff volumes were computed using the runoff coefficients

and the monthly rainfall as described in the preceding subsection.

Nonpoint loads were computed for each subwatershed on a monthly basis

by multiplying the mean pollutant concentrations by the monthly runoff

-

/olumes. The 1976 mont

ne 13/0 montr

=
—

oo
4

—

s were used to calculate the exist-

<

ing nonpoint loads, and the long-term average monthly rainfalls were

used to calculate the projected loads.

Tables 2.5-10 through 2.5-13 present the seasonal nonpoint loads, or
more properly, loading factors on a per-acre basis for Subwatersheds 1
through 7. Wet season extends from June throu

nd dry

[
w
o
£

son extends from October through May. The existing nonpoint loads for
Subwatershed 1 are the highest and the loads for Subwatersheds 2 and 3
are higher than those for the remaining subwatersheds. The loads for
Subwatersheds 1, 2, and 3 are the highest because these areas are more

developed than the other subwatersheds with correspondingly higher

percent imperviousnesses and runoff coefficients.

The per-acre basis used in Tables 2.5-10 through 2.5-13 permits com-
parisons to be made regarding the relative pollutant contributions of
a unit of land surface area. Total loads would then be given by multi-

plying these values by the number of acres within each subwatershed.
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By considering pollutant loading on the per-acre basis, better insight
is gained into the relative effects of changing land use or changing
poliutant loading. This information provides needed input to the
planning process by helping to identify not only subwatersheds contri-
buting heavy loads, but trends in land use changes contributing heavy

Toads.

The estimated existing loads are not directly comparable to the projec-
ted loads, because actual 1976 monthly rainfalls were used to compute
the existing loads and the long term average monthly rainfalls were
used to compute the projected loads. The 1976 rainfall was less than
the long term average rainfall, so even if no significant changes in
land use occurred throughout the planning period, an increase in non-
point pollutant loads is forecast due to the higher values of rainfall
used. Therefore, estimated loads for years 1978, 1983, 1988, 1993, and
1998 were compared to determine the change in load due to land use

changes.
The predicted nonpoint loads for 1978 are approximately the same as
those for 1976, since no significant changes in land use were projected

to occur in this period.

The loads for all of the subwatersheds are predicted to increase by

1998 because of projected development. The loads predicted for 1998

147



for Subwatershed 1 are the highest, followed by those for Subwatersheds
2 and 3, followed by those for Subwatershed 6. The predicted loads for
the remaining subwatersheds, 4, 5, and 7, are the lowest and are
approximately the same. By examining Table 2.5-10, for example, the
projected per-acre loading for total nitrogen (TN) increases from 0.923
pounds per acre per wet season, to 1.15 pounds per acre per wet season
over the 20 years from 1978 to 1998. An approximate 25 percent
increase in loads will occur if no control measures are taken. Similar
occurrences are estiﬁated throughout the case study area, as indicated

repeatedly in Tables 2.5-10 through 2.5-13.
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5.3 Analysis Techniques for Calculation and Projection of Point Source
Loads

The 201 Facility Plans for the Charlotte County area provided discharge
and water quality data for the point source dischargers. These data

were used to compute existing monthly point Toads.
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5.4 Point Source Pollutant Loads

Two point sources discharge into Charlotte Harbor--the Punta Gorda
Wastewater Treatment Plant and the Mary Lu Trailer Court Facility.

Gulf Shore Seafood discharges seafood washing water to the harbor.
However, this fact is not considered significant and was not included in
the loads analysis. Both of these point sources are located in Sub-
watershed 7. The Punta Gorda Plant provides secondary treatment and the
Mary Lu Trailer Court facility provides advanced wastewater treatment.
Existing mean monthly discharges, nitrogen and phosphorus concentra-
tions, and loads for the Punta Gorda Plant are presented in Table

2.5-14,

Monthly data were not available for the Mary Lu Trailer Park facility,
but the average annual daily flow was converted to a monthly flow.

This mean monthly flow was assumed constant over the entire year. The
average monthly concentration levels recommended for advance treated
wastewaters were used because effluent nutrient concentration data were
also lacking. These concentrations for nitrogen and phosphorus are 5
mg/1 and é mg/1, respectively. Loads of nitrogen and phosphorus were
calculated using the mean monthly discharges and the above concentra-

tions and are presented in Table 2.5-15.

The loads for both of these point sources were assumed constant through

1983. After 1983, the point sources were projected to cease discharge
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Table 2.5-14 Point Source Loads--Punta Gorda Wastewater Treatment

Plant (1976)

Mean Monthly

Mean Monthly

Mean Monthly

Discharge Concentration {mg/1) Load (1b)
Month (MG) ™ TP IRy TP
January 22.72 14.60 0.41 2,766 78
February 21.00 15.91 0.20 2,786 35
March 20.99 17.35 0.28 3,037 49
April 15.69 15,70 0.21 2,054 27
May 17.67 4.47 0.32 659 47
June 22.02 3.54 0.46 650 84
July 19.96 4.89 0.23 814 38
August 21.98 6.43 0.67 1,179 123
September 24.72 8.11 0.85 1,672 175
October 23.06 6.98 0.53 1,342 102
November 22.05 6.74 0.55 1,239 101
December 25.20 10.35 0.66 2,175 139
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Table 2.5-15 Point Source Loads--Mary Lu Trailer Court Facility (1976)

Mean Monthly Mean Monthly Mean Monthly
Discharge Concentration (mg/1) Load (1b)
(MG) N TP ™ TP
0.012 5 2 5 2
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to surface waters. Therefore no loading of the harbor via surface

waters is anticipated. Loading of the harbor via groundwater movement

has not been considered.
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5.5 Total Pollutant Loads

Total pollutant loads for Subwatersheds 1 through 7 were determined by
summing the point and nonpoint loads for each subwatershed. Nonpoint
loads for each subwatershed are obtained by multiplying the annual pol-
lutant load per acre (dry season plus wet season) by respective total

area.

Subwatersheds 8 and 9 are the Peace and Myakka River watersheds,
respectively (see Figure 2.5-2). These two subwatersheds extend out of
the planning region, and available land use data for these areas were
reviewed. Data did not meet detail requirements for nonpoint load
analysis techniques. However, the land use for both subwatersheds is
predominantly rural and available information regarding changes in land
use projected throughout the planning period indicated only slight
changes. Therefore, total pollutant loads emanating from these
subwatersheds were computed by multiplying mean monthly in-stream
pollutant concentrations by mean monthly stream discharges. These

loads were assumed constant throughout the planning period.

Since no discharge data were available for the Peace and Myakka Rivers
at the terminal points of the subwatersheds, estimates of the dis-
charges for the two rivers had to be made. Discharge data were collec-
ted by the U.S. Geological Survey at stations upstream of the terminal
points on both rivers (see Figure 2.5-2). Discharge data collected at
U.S.G.S. Station 02296750 on the Peace River near Arcadia were devel-

oped into mean monthly discharges per unit area, and the same was done
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for U.S.G.S. Station 02298830 on the Myakka River at the state park.
Flows for the entire basin were determined by extrapolating the dis-

charges per unit area over the total watershed area.

Background water quality data collected at the terminal points of
Subwatersheds 8 and 9 were used to develop mean monthly nitrogen and
phosphorus concentrations at these points. These water quality

sampling stations are shown in Figure 2.5-2.

Mean monthly loads were then calculated for Subwatersheds 8 and 9 using
the mean monthly discharge and concentration data. The existing loads
were computed using 1976 flow and water quality data, and the loads for
the remainder of the planning period were computed using long-term
average data. Long-term concentrations were computed from water qual-
ity records for the U.S.G.S. stations on the Peace and Myakka Rivers,

as noted earlier.

The existing and 1998 total nitrogen and phosphorus loads for Sub-
watersheds 1 through 9 are presented in Tables 2.5-16 and 2.5-17,
respectively. As shown in Table 2.5-16, the existing and 1998 total
nitrogen loads estimated for Subwatersheds 8 and 9 are so much higher
than those estimated for the remaining subwatersheds that they, in
effect, overshadow the other loads. The same case is true for the total

phosphorus Toads, as shown in Table 2.5-17.
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6.0 PREDICTIONS OF WATER QUALITY ASSUMING NO NONPOINT SOURCE CONTROLS
The analysis of water quality in an estuary is quite complicated
because it is subjected to freshwater inflow as well as astronomical
tides. Materials that are discharged at one point in the system affect
water quality in both the upstream and downstream direction because of
tidal reversals. The classical method of incorporating this mixing
transport in estuaries is through the use of dispersion coefficients,
normally designated E. In practice, the dispersion coefficient is an
estimator of the net rate at which the pollutant mass is transported
from regions of higher concentrations to regions of lower

concentrations.

Water quality is also subject to physical, chemical, and biological
activity which alters the concentration of constituents when introduced
into the water. Water acts as a reactive system which may increase or
decrease the concentration of substances introduced into the system.
The rate at which the substance concentration varies is estimated by
using reaction rate coefficients, otherwise known as "K" factors. Fig-
ure 2.6-1 is a curve which represents a reactive system where substance
concentration is plotted versus distance along the estuary. Point "0"
indicates the point at which the substance is introduced into the
system. The direction of flow in the estuary is indicated as left to

right. A high reaction rate, or "K" factor, would cause the substance
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concentration on either side of the substance load point, "0", to drop

off more markedly, resulting in lower concentration levels nearer "0."

Nitrogen and phosphorus were the constituents considered in the water
quality analysis for Charlotte Harbor. The harbor was simplified to a
one-dimensional system where water quality was estimated along a single
Tine routed from the Peace River area, down mid-harbor, and through
Grand Pass. The harbor, on this one-dimensional line, was divided into
six segments, as shown in Figure 2.6-2. This segmentation distributes
the pollutant loads along the harbor, which is more realistic than
imposing one large load. The point and nonpoint pollution loads for
each subwatershed were summed and treated as a single point load in
that segment. Figure 2.6-3 shows the location of the loads by sub-
watérshed relative to the harbor segments. As shown in Figure 2.6-3,
the total loads for Subwatersheds 1, 6, 7, 8, and 9 are imposed on Seg-
ment 1; the total loads for Subwatershed 2 are imposed on Segment 2;
the total loads for Subwatershed 3 are imposed on Segment 3; one-half
the total load for Subwatershed 4 is imposed on Segment 4; one-half the
total loéd for Subwatershed 4 is imposed on Segment 5; and finally, the

total loads for Subwatershed 5 are imposed on Segment 6.
The average water quality (i.e., nitrogen and phosphorus concentra-

tions) was computed for 1976. The reaction rates for nitrogen and

phosphorus were adjusted to match the computed water quality with
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observed water quality. The computed nitrogen and phosphorus concen-
trations are compared with the observed concentrations on a monthly
basis in Table 2.6-1. No observed water quality data were available
for the month of May. Considering the simplistic analytic technique
used to compute the water quality, Table 2.6-1 shows relatively good

agreement between computed and observed water quality.
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Table 2.6-1. Charlotte Harbor Water Quality Analysis Calibration

Total Nitrogen (mg/1) Total Phosphorus (mg/1)
Segment Computed Observed Computed Observed
January
1 1.13 1.01 0.61 0.61
2 1.06 0.82 0.52 0.22
3 0.96 0.69 0.40 0.14
4 0.85 0.61 0.29 0.11
5 0.79 0.51 0.24 0.09
6 0.81 0.48 0.23 0.10
February
1 0.99 1.07 0.76 0.52
2 0.92 0.86 0.64 0.23
3 0.82 0.76 0.49 0.15
4 0.71 0.74 0.34 0.17
5 0.66 0.76 0.28 0.27
6 0.66 0.91 0.25 0.30
March
1 0.60 1.07 0.34 0.68
2 0.55 0.71 0.28 0.31
3 0.48 0.70 0.20 0.25
4 0.40 0.64 0.13 0.20
5 0.36 0.68 0.10 0.16
6 0.34 0.75 0.08 0.12
May
1 1.39 1.44 0.55 0.65
2 1.32 1.20 0.47 0.38
3 1.20 1.20 0.37 0.37
4 1.07 1.19 0.27 0.36
5 1.00 1.17 0.23 0.35
6 1.03 1.08 0.21 0.30
June
1 1.87 1.15 0.82 0.34
2 1.75 0.98 0.70 0.26
3 1.57 -- 0.54 --
4 1.38 0.88 0.39 0.22
5 1.28 0.79 0.32 0.21
6 1.39 -- 0.36 --
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Table 2.6-1. Charlotte Harbor Water Quality Analysis Calibration
(Continued, Page 2 of 3)

Total Nitrogen (mg/1) Total Phosphorus (mg/1)

Segment Computed Observed Computed Observed
July
1 1.27 1.32 0.71 0.71
2 1.20 1.03 0.61 0.72
3 1.09 0.92 0.48 0.52
4 0.98 1.00 0.36 0.50
5 0.92 2.13 0.31 0.54
6 1.00 1.42 0.35 0.56
August
1 1.89 1.65 0.82 0.75
2 1.76 1.28 0.69 0.53
3 1.58 1.47 0.54 0.33
4 1.38 1.67 0.38 0.23
5 1.28 1.00 0.32 0.44
6 1.39 0.95 0.35 0.37
September
1 2.15 2.24 0.51 0.58
2 1.94 1.45 0.40 0.37
3 1.65 1.33 0.29 0.30
4 1.35 1.21 0.18 0.32
5 1.20 1.22 0.14 0.20
6 1.26 1.28 0.13 0.13
October
1 1.75 1.24 0.51 0.52
2 1.64 1.37 0.43 0.35
3 1.48 1.19 0.34 0.29
4 1.31 1.11 0.24 0.23
5 1.22 0.84 0.20 0.19
6 1.25 0.91 0.19 0.24
November
1 1.92 1.97 0.53 0.32
2 1.80 1.75 0.45 0.33
3 1.63 1.37 0.36 0.31
4 1.44 1.07 0.26 0.21
5 1.34 1.22 0.21 0.13
6 1.38 0.98 0.20 0.11



Table 2.6-1. Charlotte Harbor Water Quality Analysis Calibration
(Continued, Page 3 of 3)

Total Nitrogen (mg/1) Total Phosphorus (mg/1)
Segment Computed Observed Computed Observed
December
1 1.21 1.61 0.75 0.61
2 1.14 1.33 0.64 0.28
3 1.03 1.60 0.50 0.26
4 0.92 1.88 0.37 0.31
5 0.86 1.76 0.30 0.39
6 0.88 1.50 0.29 0.24
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6.

1

1978, 1983, 1988, 1993, 1998 Projections

Once the analysis technique calibration was completed, the harbor water
quality was projected under future conditions using the reaction rates

selected during calibration.

The recommended pollutant concentrations for Charlotte Harbor are as

follows:

N 0.87 mg/1

TP

0.14 mg/1
The criteria used in setting these limits are discussed in Subsection

9.2.

As shown by the observed water quality in Table 2.6-1, excesses in
nutrient levels for existing conditions occur for both nitrogen and
phosphorus. These violations are more pronounced in the wet season

(June through September) and in the most upstream segments of the

harbor.

Table 2.6—2 presents the existing and projected water quality for the
month of August. Water quality violations are the worst during August
when considering the nitrogen and phosphorus concentration excesses.

No changes in water quality are projected to occur from 1978 through
1998 due to insignificant changes in the total pollutant loads entering

the harbor. However, the projected water quality is worse than that
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Table 2.6-2. Charlotte Harbor Water Quality for August, Existing and

Projected
1976 1978 - 1998
N P N TP
Segment (mg/1)  (mg/1) (mg/1) (mg/1)
1 1.89 0.82 2.08 1.73
2 1.76 0.69 1.99 1.52
3 1.58 0.54 1.84 1.23
4 1.38 0.38 1.68 0.95
5 - 1.28 0.32 1.60 0.83
6 1.39 0.35 1.72 0.96
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existing since the projected pollutant loads are considerably higher
than the existing loads. The primary reason for this increase in
projected pollutant loads is that they were computed using long-term
average monthly rainfalls, and the 1976 average monthly rainfalls,
which were much lower than the long-term average monthly rainfalls,

and were used to compute the existing loads.
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7.0 RESULTS OF PRODUCTIVITY STUDY

7.1 Field Measurements

7.1.1 Total Community Metabolism
Tables 2.7-1 and 2.7-2 give productivity results for each station. Sta-
tion locations are shown in Figure 2.1-2. Stations in the northern har-
bor were numbered 1 through 6, those in the southern portion 9 through
13. There were no station numbers 7 and 8. Productivity calculations
were made for three different data sets. Calculations were based on
surface data, bottom data, and combined surface and bottom data. The
extent to which the surface and bottom rates are similar is an indica-
tion of thorough mixing in the water column. Combined surface and bot-
tom data is often most desirable; however, some significant differences
between combined data set results and separate surface and bottom
results were noted for Stations 10 and 11. This difference appears to
be attributable to depth. Plankton metabolism data (Table 2.7-6) indi-
cate that total community metabolism (TCM) resu1ts from combined data
underestimated community metabolism. It is hypothesized that this may
be due to the fact that the metabolic rate of change on the bottom in a
deeper eétuany such as Charlotte Harbor is primarily a respiratory
rate, while the surface rate is generally a production rate. Rate of
change in the production direction is calculated as plus, while that in
the respiration direction is calculated as minus. When the data is
combined, the different rates somewhat cancel each other out. This

would account for a Tower combined rate than those measured separately.
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The differences in results among the data sets suggest metabolic
stratification in Charlotte Harbor, and indicate that water quality
monitoring of diurnal oxygen should be done at least for surface and
bottom. The fact that the water column does not mix sufficiently to
only take surface measurements is significant. Monitoring only at the
surface in the harbor would underestimate total metabolism at most
stations. The data also suggest that separate metabolic rates for
surface and bottom be calculated and then averaged to derive a total for
the water column, rather than averaging concentration data over the
column, and from the averaged data, determine a metabolic rate of

change.

The data presented in Tables 2.7-1 and 2.7-2 are within ranges reported
for Gulf Coast estuaries (Odum and Wilson, 1962) and are generally
higher than those reported for estuarine bays near Crystal River, Flor-
ida (Smith, et al., 1974). Total community metabolism (TCM) values
between 10 and 20 grams per square meter per day (g/mz/day) are con-
sidered moderate to high for shallow Florida Gulf Coast estuaries. Sim-
ilarity of data (mean values, X) suggests that metabolic histories
(biological activity and components) of the stations are generally
alike. Differences in means were noted between combined surface and
bottom data for Charlotte Harbor North (Stations 1-6) and Charlotte
Harbor South (Stations 9-13). No major trends were apparent from

station to station.
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7.1.2 Oxygen Diffusion and Other Physical Parameters
Oxygen diffusion in grams of oxygen per square meter per hour (g 0y/
mz/hr) was calculated as a linear function of the dissolved oxygen
concentration deficit from saturation. The formula, D=KS, where S was
the percent dissolved oxygen deficit and K was the oxygen diffusion
coefficient (reaeration coefficient) in g 02/m2/hr at 100 per-
cent saturation deficit. Odum and Wilson (1962) gave relationships of
reaeration coefficients with water depth and wind velocity for Texas
bays, and McKellar (1975) gave data on Florida. Physical data collected
during field sampling are given in Table 2.7-3. Water current veloci-
ties in the north portion of Charlotte Harbor were about half those mea-
sured in the southern portion (0.10 m/sec versus 0.19 m/sec). Mean wind
velocities were higher in the south than in the north (7.4 mph versus
5.0 mph), and water depths were slightly greater in the south (3.7 m in
southern portion, 3.3 m in northern portion). Based on these physical
factor differences, a reaeration coefficient of 0.5 g Oz/mz/hr
was used to correct oxygen diurnal curves to reflect only biological
changes for stations in the northern harbor (Stations 1 through 6). A
coefficient of 1.0 g 02/m2/hr was used to correct the stations
in the south (Stations 9 through 13). Diffusion rates may vary through-
out a given day, and application of a constant rate may introduce some

error into productivity calculations.
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Light penetration into the water column is given in Table 2.7-4 as a
function of light extinction coefficients measured by two methods as
noted in the table. On the average, secchi disc measurements gave
higher extinction values than did photometer values. This may be a
function of light scatter at the surface or of the nature of the parti-
culate material in the water. Higher extinction coefficients in the
northern harbor (X=0.7, photometer) indicate higher turbidities there
than in the southern portion (X=0.4, photometer). Extinction coeffi-
cients less than 1.0 indicate clear water relative to Florida Gulf Coast
estuaries for this period of the year. The average coefficient of
extinction for the harbor was 0.6+0.1 (photometer data) per meter of
water depth. This value indicates that about 12 percent of the light at

the surface reaches the average depth during photometer measurements of

3.5 meters.

Photosynthetic efficiency may be calculated to provide indications of
productivity relative to sunlight. Results presented in Table 2.7-5 do
not show any definite relationship between lower photosynthetic effi-
ciencies (lower productivity) for those stations with higher K values
(turbidities). The efficiencies are generally within the ranges found
for the Phillippi Creek and Big Cypress Basin estuaries sampled as part

of the 208 program, and reported elsewhere.

177



Table 2.7-4. Light Extinction Coefficients from Submarine Photometer and
Secchi Disc Data for Charlotte Harbor, June 18-23, 1977

Secchi Disc , Submarine Photometer
Station Water Depth, Water Depth,
No. K, Meters-1 d,* Meters K, Meters~l d,** Meters
1 0.8+0.1 3.0+0.1 0.5 2.8
2 1.140.1 2.8+0.2 1.1 2.2
3 1.1+0.1 2.2+40.1 0.7 2.0
4 1.040.2 6.2+0.1 0.6 6.0
5 0.940.2 2.9+0.1 0.6 2.5
6 1.040.2 | 3.1+0.1 0.8 2.9
Alligator
Bay 1.8 1.2 1.4 1.5
9 0.7+0.1 3.0+0.1 0.5 3.0
10 0.5+0.3 6.5+0.1 0.6 7.0
11 0.9+0.2 3.140.2 0.4 3.5
12 0.6+0.1 4.0+0.1 0.4 4.0
13 VOB 3.1+0.1 0.3 3.0
X 0.9 3.4 0.6 3.4
S.E. +0.1 +0.4 +0.1 +0.5

* Mean water column depths during secchi disc measurements.

** Water column depths during submarine photometer measurements.
VOB, secchi disc visible on bottom.

S.E., one standard error about the mean, X.
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7.1.3 Plankton Metabolism
Levels of plankton metabolism measured in Charlotte Harbor in June are
presented in Table 2.7-6. These levels are similar to those reported
previously for Florida's west coast estuaries. Areal rates of plank-
tonic gross primary production ranged from a low of 2.64 g Oz/mz/day
to 7.68 g 0p/m2/day with a mean of 5.00 g 0p/mé/day for the six
stations sampled. Net plankton production for Charlotte Harbor averaged
3.24 g 0p/me/day and ranged from 1.03 to 4.85 g 0p/m2/day. Planktonic
respiratory rates of from 0.12 to 2.83 g 02/m2/day were measured

averaging 1.76 g 02/m2/day.

On a volumetric (cubic meter) basis, greatest metabolic activity was
measured at Station 2, located near Punta Gorda at the mouth of the
Peace River. Lowest levels of production, both gross and net, were
found at Station 5. Plankton respiration was greatest at Station 5 and

lowest at Station 12.
The P/R ratio (P gross 24/R24) is a useful index in characterizing a

system, in this case the plankton community, as a net producer (auto-

trophic) or consumer (heterotrophic) of organic matter. Autotrophic
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7

.1.4

systems exhibit P/R ratios greater than one, while heterotrophic systems
have ratios of less than one. P/R ratios indicate that, in June, the
plankton community of Charlotte Harbor was a net producer of organic
matter. Ratios ranged from a low of 1.64 at Station 5 to 5.83 at

Station 12 and averaged 3.19.

Phytoplankton Measurements

Phytoplankton concentrations, volumetrically estimated biomass, and
species diversities measured in June in Charlotte Harbor are presented
in Tables 2.7-7, 2.7-8, and 2.7-9, respectively. Measurements were made
on surface samples taken at high and low tide from each of the eleven

biological stations.

Phytoplankton abundance was low over the study area averaging 363
cells/ml. Densities ranged from 23 to 2,910 cells/ml. Highest numbers
were found at Station 4. Biomass (wet weight) as estimated by cell
volume measurements exhibited a wide range, from 0.157 to 79.288 ma/1.
Extremely high biomass values were found at Station 4 at high tide, at
Station 6, and at Station 9 at low tide. The overall mean for volu-
metrically determined biomass, skewed by these high values, was 8.417
mg/1. Species diversities for the plankton community of Charlotte Harbor
ranged from 0.40 to 2.96 with a mean of 2.02. No apparent trends in

phytoplankton abundance, biomass, or diversity were noted.
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Table 2.7-7. Estimated Concentrations of Phytoplankton in Samples Taken

at High and Low Tides in Charlotte Harbor; June 18 to 20,
1977.

Concentration (cells/ml)

Station High Low Mean
1 42 300 171

2 52 94 73

3 43 23 33

4 405 2,910 1,658

5 90 37 64

6 456 ' 579 518
North Harbor Mean 181 657 420
Standard Deviation 194 1,124 633
9 177 76 127

10 363 450 407
11 613 734 674
12 43 32 38
13 110 343 227
South Harbor Mean 261 327 295
Standard Deviation 230 288 253
OVERALL Mean 218 507 363
Standard Deviation 204 833 479

183



Table 2.7-8. Phytoplankton Biomass* in Samples Taken at High and Low
Tides in Charlotte Harbor; June 18 to 20, 1977.

Volumetrically Determined Biomass (mg/1)

Station High Low Mean
1 1.614 7.876 4.745
2 0.772 4,915 2.844
3 3.132 1.523 2.328
4 79.288 1.4093 40.349
5 2.429 0.411 1.420
6 29.103 15.714 22.409
North Harbor Mean 19.390 5.308 12.349
Standard Deviation 31.294 5.806 15.382
9 0.256 13.146 6.701
10 2.999 0.610 1.805
11 6.446 3.494 4,970
12 0.709 2.215 1.462
13 6.956 0.157 3.557
South Harbor Mean 3.473 3.924 3.699
Standard Deviation 3.130 5.323 2.193
OVERALL Mean 12.155 3.924 8.417
Standard Deviation 23.721 5.323 12.151

* wet weight as estimated by cell volume measurements
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Table 2.7-9. Diversity of Phytoplankton Species Collected in High and
Low Tide Samples in Charlotte Harbor; June 18 to 20, 1977.

Shannon-Weaver Diversity

Station High Low Mean
1 2.91 2.29 2.60

2 2.45 2.64 2.55
3 1.99 2.58 2.29

4 1.53 0.40 0.97

5 2.71 1.91 2.31

6 1.26 0.66 0.96
North Harbor Mean 2.14 1.75 1.95
Standard Deviation 0.66 0.98 0.77
9 2.96 2.34 2.65

10 1.69 0.52 1.11
11 2.70 2.35 2.53
12 2.66 2.83 2.75
13 2.15 0.83 1.49
South Harbor Mean 2.43 1.77 2.11
Standard Deviation 0.51 1.03 0.75
OVERALL Mean 2.27 1.76 2.02
Standard Deviation 0.59 0.95 0.73
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7.1.5

The class composition of the phytoplankton of Charlotte Harbor is pre-

sented in Tabie 2.7-10. Baciilariophyceae (diatoms) numerically
dominated the phytoplankton assemblage. This is typical of coastal and
estuarine phytoplankton communities. Cyanophyceae (blue-green algae),

whil
(3}

n1\l
Wil i

e Ohiy ©

Station 10 near the harbor mouth. Dinophyceae (dinoflagellates),

Cryptomonadaceae, and microflagellates were distributed throughout the

The species distribution of the phytoplankton can be seen in Table
2.7-10. No clear-ct
delicatula, a diatom, was the most abundant species encountered in

samples. The diatoms Cylindrothem closterium and Thalamosira pseudonana

were also common though never numerous.

Zooplankton Measurements

Surface net tows (153u mesh) for zooplankton collection were made along
north-south transects at each of the 11 biological sampling stations in
Charlotte Harbor. Zooplankton concentrations, dry weights and ash-free

dry weights, and diversities are presented in Table 2.7-11.
Quantitative data indicates that Charlotte Harbor supports a large

zooplankton population. Zooplankton concentrations over the harbor

ranged from 29,905 to 282,227 individuals/m3 and averaged 98,068
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Table 2.7-10.

Percent Composition, By Class, of Phytoplankton

Counted in Samples Collected in Charlotte Harbor;
June 18 to 20, 1977. (Bac.
Dino. = Dinophyceae, Crypt.

Cyan. = Cyanophyceae, Eug. = Euglenophyceae, Micro.

Microflagellates).

Bacillariophyceae,
Cryptomonadaceae,

Station Tide Bac. Dino. Crypt. Cyan. Micro.
1 H 80.4 19.6
L 93.5 0.6 5.8
2 H 91.7 6.7 1.7
L 93.3 6.7
3 H 97.3 2.8
L 100.0
4 H 99.6 0.4
L 100.0
5 H 77.5 13.7 2.5 6.3
L 100.0
6 H 99.7 0.3
L 99.6 0.4
North Harbor Mean 94.4 1.8 3.3 0.6
9 H 89.4 10.6
L 100.0
10 H 32.6 0.5 66.9
L 7.0 93.0
11 H 100.0
L 98.6 1.4
12 H 100.0
L 80.9 8.5 10.6
13 H 100.0
L 98.4 1.6
South Harbor Mean 80.7 0.1 1.0 17.1 1.2
OVERALL Mean 88.2 1.0 2.3 7.8 0.9

187



Table 2.7-11. Zooplankton Concentrations, Dry Weights, Ash-free Dry
Weights, and Diversities, Charlotte Harbor, June 18-20,
1977.

Concentration Dry we1§ht Ash-free Dry Shannon-Weaver

Tow (individuals/m3) (mg/m3)  Weight (mg/m3) Diversity
1 253,361 431.4 339.8 2.85
2 282,227 333.5 259.5 2.69
3 80,159 157.9 126.6 2.79
4 74,970 129.1 110.2 2.98
5 83,905 102.1 76.8 2.11
6 57,373 148.7 120.9 2.78
North Harbor 138,666 217.1 172.3 2.70
Mean
Standard 100,849 133.1 103.3 0.30
Deviation
9 40,955 115.2 101.4 3.32
10 35,594 157.9 143.3 3.65
11 99,803 394.7 303.9 3.17
12 40,500 77.2 74.9 3.34
13 ‘ 29,905 237.0 185.3 3.12
South Harbor 49,351 196.4 161.8 3.32
Mean

Standard 28,555 125.8 89.8 0.21
Deviation

Overall Mean 98,068 207.7 167.5 2.98

Standard 87,103 123.7 92.7 0.41
Deviation
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individuals/m3. Densities were highest in the north harbor,
particularly at the mouth of the Peace River (Stations 1 and 2).
Previous estuarine studies have noted an inverse relationship between
zooplankton concentration and salinity. Such a trend appears to exist
in Charlotte Harbor, though confirmation would require a more extensive
sampling program. Biomass values were also high. Dry weights ranged
from 77.2 to 431.4 mg/m3 and averaged 207.7 mg/m3. Ash-free dry

weights averaged 167.5 mg/m3, ranging from 74.9 to 339.8 mg/m3.

Taxonomic data indicate that the study area supports a diverse assem-
blage of zooplankton. Highest diversities were found in the south
harbor. Values over the harbor ranged from 2.11 to 3.65 with a mean of

3.32.

Copepods constituted a dominant fraction of the zooplankton numerically.
Copepods typically dominate coastal and estuarine zooplankton commun-
ities. The most numerous copepods were the calanoids Paracalanus sp.

and Acartia tonsa. Though less abundant the cyclopoid Orthona sp., the

harpacticbrd Euterpina acutifrons and nauplii (juvenile stages) also

comprise a significant fraction of the copepods counted. Also common

was the cladoceran Evadne tergestina.

The term "microplankton" refers to organisms which are only temporarily

members of the planxkton community, usually larval forms. Microplankton
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7.

1.6

accounted for a large fraction of the zooplankton enumerated. Gastropod

(snail), Pelycypod (bivalve), and barnacle nauplii were abundant. Deca-

pod zoea (larval crabs, snails) were also present in most samples, these

being most numerous in south Charlotte Harbor. Fish eggs were observed
in samples taken at the mouth of the Peace River. A taxonomic listing

of zooplankton collected is presented in Tables 2.7-12 and 2.7-13.

Benthic Invertebrates
Presented in Table 2.7-14 is a summary, by station, of abundance, dry
weight biomass, and diversity of benthic macroinvertebrates collected in

Charlotte Harbor.

In abundance benthic invertebrates ranged from 400 to 6,822 indivi-

dua]s/m2 with a mean density for the harbor of 1,598 individua]s/mz.
Macroinvertebrate biomass at the sampling stations fluctuated widely
from 0.389 to 22.053 g/mz, averaging 3.79 g/mz. These values fall

within the range of values previously reported for estuarine waters.

Diversities calculated for macroinvertebrate taxa ranged from 0.88 to
3.72 and averaged 2.54. Values for this index were highest at Stations
10 and 11 and Towest at Station 9. Polychaeta and Pelecypoda (bivalves)

were the numerically dominant classes of benthic macroinvertebrates in
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Table 2.7-12. Zoopla
Chari

an
t

(@)
[¢]

kt on Taxon Abundance (1nd1v1dua1/m
te Harbor Study Area; June 18-20,

Station
1 2 3 4 5 6
PROTISTA
Ciliophora
Tintinnoidea
miscellaneous unidentified 296 252 282
COELENTERATA-CNIDARIA
Hydrozoa
miscellaneous Medusae 198 751
ANNEDL IDA
Polychaeta
miscellaneous unidentified 126
ARTHROPODA
Crustacea
Copepoda
Calanoida
Acartia tonsa 27928 30958 16506 1890 9021 2441
Labidocera aestiva 252 252 657
Paracalanus spp. 41514 80098 17989 12222 5335 6949
Pseudodiaptomus coronatus 5787 7535 1977 291 188
miscellaneous unidentified 198
Cyclopoida
Oithona spp. 7296 6880 3855 7812 3686 4507
miscellaneous unidentified 126 97
Harpacticoid
Euterpina acutifrons 252 2293 593 4788 873 2911
miscellaneous unidentified 99 126
Copepod nauplii 5284 1966 1977 1386 776 845
Cladocera
Evadne tergestina 40565 41114 4151 28224 4559 3380
Penilia avirostris 99
miscellaneous unidentified 504 282
Isopoda 99
CHAETOGNATHA
Sagitta sp. 491 99 97

(continued)
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Table 2.7-12 Zooplankton Taxon Abundance (individua]/m3); Charlotte
Harbor Study Area; June 18-20, 1977 (Continued, page 2 of

2).
Station
1 2 3 4 5 6
CHORDATA
Urochordata
Appendicularia
Oikopleura sp. 1761 3440 1285 1260 776 845
Cephalochordata
Amphioxus sp. 252 99 126
LARVAL FORMS
Polychaete 503 99 378 282
Cirriped nauplii 3522 1802 1186 4410 5238 27794
Cirriped cyprids 1510 6716 1878 126 97 188
Decapod zoea 164 291 563
Decapod mysids 99 126 94
Gastropod 41011 37346 26094 5418 51216 2723
Pelecypod 64661 59623 1285 2016 1358 563
Vertebrata fish eggs 755 1310
Vertebrata fish larvae 194
Miscellaneous Unidentified 1510 491 3403 1127
TOTAL 253361 282227 80159 74970 83905 57373
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Table 2.7-13. Zooplankton Taxon Abundance (individual/m3);
Charlotte Harbor Study Area; June 18-20, 1977

Station
9 10 11 17 13
PROTISTA
Ciliophora
Tintinnoidea
miscellaneous unidentified 137 186
COELENTERATA-CNIDARIA
Hydrozoa
miscellaneous Medusae 274 186 68
ANNEDLIDA
Polychaeta
miscellaneous unidentified 57
ARTHROPODA
Crustacea
Copepoda
Calanoida
Acartia tonsa 5819 4518 28675 3848 2296
Labidocera aestiva 549 411 931 68
Paracalanus spp. 5819 3286 13034 7628 5223
Pseudodiaptomus coronatus 439 274 372 473
miscellaneous unidentified 548 186
Cyclopoida
Corycaeus spp. 110 137 186 68
Qithona spp. 6039 8625 6889 7290 9299
miscellaneous unidentified 274
Harpacticoid
Euterpina acutifrons 4063 3286 13406 5400 57
miscellaneous unidentified 137 1676
Copepod nauplii 1867 1232 7820 3173 574
Cladocera
Evadne tergestina 439 411 559 608 287
Penilia avirostris 110 3696
miscellaneous unidentified 110 559 675 57
Isopoda 372
CHAETOGNATHA
Sagitta sp. 1098 1369 745 135 230

(continued)
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Table 2.7-13. Zooplankton Taxon Abundance (individual/m3);
Charlotte Harbor Study Area; June 18-20, 1977 (Continued,

page 2 of 2).
Station
9 10 11 12 13
MOLLUSCA
CHORDATA
Urochordata
Appendicularia
Oikopleura sp. 659 2190 2421 878 2755
Cephalochordata
Amphioxus sp. 137 68 1148
LARVAL FORMS
Polychaete 110 372 203 115
Cirriped nauplii 220 1095 2234 1350 1665
Cirriped cyprids 68
Decapod zoea 769 274 2793 203 861
Decapod mysids 549 1095 2793 338 57
Gastropod 9004 1369 8751 3375 1492
Pelecypod 2965 685 4469 4590 517
Miscellaneous Unidentified 220 137 186 3214
TOTAL 40955 35594 99803 40500 29905
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Table 2.7-14 Abundance, Biomass (dry weight), and Diversity of Benthic

Macroinvertebrates Collected by Ponar Grabs at Stations in
Charlotte Harbor, June 18-20, 1977

Abundance Dry Weight Shannon-Weaver

Station (individuals/m2) (g/m2) Diversity
1 2,289 4,791 2.65
2 711 0.589 2.67
3 400 22.053 2.25
4 844 0.624 1.54
5 489 0.480 3.27
6 1,022 2.733 1.96
North Harbor Mean 959 5.21 2.39
Standard Deviation 690 8.42 0.61
9 1,244 0.389 0.88
10 578 0.713 3.72
11 1,378 0.887 3.65
12 6,822 2.491 2.82
13 1,800 5.886 2.52
South Harbor Mean 2,364 2.07 2.72
Standard Deviation 2,530 2.28 1.15
Overall Mean 1,598 3.79 2.54
Standard Deviation 1,827 6.34 0.86
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7.1.7

north Charlotte Harbor, while Brachiopoda and Crustacea were the prin-
cipal cont}ibutors to biomass. Crustaceae (primarily amphipods) were
the most numerous benthic invertebrates in the south harbor. Also
abundant were polychaetes and bivalves. Polychaetes overwhelmingly

dominated macroinvertebrate biomass in south Charlotte Harbor.

Photosynthetic Pigments

Levels of chlorophyll a measured in surface samples taken af high and
Tow tide in Charlotte Harbor are presented in Table 2.7-15. Levels
appear to reflect the mixing of gulf and estuarine waters. Chlorophyll
a concentrations are greater than those generally cited for the Gulf of
Mexico but relatively low for estuarine waters. Concentrations were
lowest in south Charlotte Harbor and were highest near the mouth of the
Peace River. Mean values, by station, ranged from a low of 0.60 mg/m
Station 12) to a high of 3.96 mg/m3 (Station 4). The overall mean

chlorophyll a concentration measured was 2.01 mg/m3.

Chlorophyll a is used as an estimator of phytoplankton biomass. Values
determined for this parameter in Charlotte Harbor corroborate results
obtained through microscopic examination which indicate that the harbor

supported a low density phytoplankton population at the time of study.
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Table 2.7-15 Mean Concentrations of Chlorophyll a* Measured in Samples
Taken at High and Low Tides in Charlotte Harbor; June 18 to

20, 1977.
Chlorophyll a (mg/m3)

Station High Low Mean
1 2.75 2.75 2.75
2 2.09 4,67 3.38
3 1.75 2.50 2.13

4 3.09 4,84 3.96
5 1.42 1.67 1.55
6 2.25 1.50 1.88
North Harbor Mean 2.23 2.99 2.61
Standard Deviation 0.62 1.45 0.93
9 1.20 1.40 1.30
10 1.20 1.20 1.20
11 1.74 0.93 1.34
12 0.73 0.47 0.60
13 1.80 2.34 2.07
South Harbor Mean 1.33 1.27 1.30
Standard Deviation 0.44 0.69 0.52
OVERALL Mean 1.82 2.21 2.01
Standard Deviation 0.70 1.43 1.00

* corrected for phaeopigments
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7.2 Systems Comparison

Systems

diagrams are used as a basis for summary, and the diagram

(Figure 2.7-1) represents a comprehensive look at the Charlotte Harbor

estuarine area. Selected data from the diagram are given in

Table 2.

7-16. Evaluation of the diagram was based on best known

available data and is intended to represent the transition (dry to wet)

period of the year. Some data, however, were only available in annual

g raluation inciude the following:
The bay is a net exporter of benthic invertebrates and fish,
exporting up to 7 percent of its gross primary production along
this pa
Benthic invertebrates and fish feed at both producer levels,
but the largest amount is grazed at the phytoplankton level.
Net nutrient removal does not occur in th
estuarine area. Total phosphorus inputs to the area would have
to be reduced by about 5 percent to bring the bay to the null
point. To bring the bay to a nutrient scrubbing capacity

similar to natural estuarine areas (such as Chokoloskee Bay in

“the Ten Thousand Islands), total phosphorus input would have to

be reduced 11 percent.

Balance of organic inputs and outputs is an essential assumption for the

use of models of this type for estimating organic loads into an estuary.

Projected theoretical loading alternatives were made based on a steady-
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state organic balance and the following corollary assumptions.

1. Net fish production is considered a high management priority
for estuaries;

2. Inbalances in the organic bﬁdget of an estuary are most likely
compensated for by in-or out-migration of benthic invertebrates
or fish as the most mobile of estuarine state variables; and

3. Increased organic loads into an estuary attract or encourage
increased microbial populations which demand even more organic

material [often measured as Biological Oxygen Demand (BOD)].

Ecosystem demand on benthic invertebrates and fish stocks to balance the
detrital pool were considered proportional to the net difference in
migration. The difference between where an estuary is now (in net fish
production or consumption) and where it would be at the null point (no
net loss or gain) is the order-of-magnitude change in organic loading
that may serve to guide a management decision. For example, in the
Charlotte Harbor estuarine area, organic loading into the bay could be
increased 6 percent (0.64 g/mz/day) before fish production capabil-

ity may be lost (see Table 2.7-15). These projections should be con-
sidered as estimates, but serve as an example in which the evaluated

ecosystem model may be used as a basis for wasteload allocation.
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7.3

7.3.1

Discussion

Biological information as part of the case study has been directed
toward (1) overall measures of productivity, biomass, and diversity, as
indicators of estuarine health, (2) use of simplified ecosystems dia-
grams for calculating waste load allocations, and (3) appropriateness of
biological information to a water quality monitoring program. Discus-
sion of these three types of information is presented in the following

paragraphs.

Estuarine Health

Total community metabolism in the Charlotte Harbor estuarine area ranged
from 7.0 to 24.6 g 02/m2/day. These values are moderate to high

for a semi-tropical estuary, and generally indicate a viable biological
system. Total community metabolism exceeded total respiration at all
stations (P/R ratio 1.28) which suggests the estuary is serving a
productive role. The planktonic community primary production ranged
from 2.6 to 7.7 02/m2/day. This data suggests an active plankton

population as well.

Phytoplankton diversities were moderate (X = 2.02, Shannon-Weaver)as
were zooplankton (X = 2.98), and benthic macroinvertebrate diversities
(X = 2.54). None of these diversity values are indicative of stresses

acting on component biotic subsystems.

Moderate chlorophyll a concentration throughout the study area during

the sampling period further suggest that the bay is healthy. Species
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7.3.2

abundance data for the plankton and benthic subsystems do not indicate
any unusually high levels of species which are often associated with the

presence of sewage or other waste discharges.

Physical measurements related to biological parameters measured further
indicate that this estuarine area is functioning within ranges typical
of an area of this type. Water temperature during the measurements was
30°C. Light penetration in the water column was reduced to less than 12
percent of the surface level; a turbidity level common in detrital based
estuaries. Turbidities were higher in the northern harbor than in the
southern harbor. Photosynthetic efficiencies of incoming sunlight to
gross primary production were generally less than 1 percent; ranging

from 0.3 to 1.2 percent. These efficiencies are not considered unusual.

Ecosystem Diagrams for Overview and Wasteload Allocation

Evaluation of the ecosystem model establishes the estuary as a detrital
based one. This means the largest energy flows occur through the detri-
tal system-- the detrital system being the basis of the food chain and
the nutrient regeneration capability. The plankton component accounts
for a large fraction of total community metabolism. Nutrient and
organic loading into estuaries are sometimes reflected in shifts from
benthic production to plankton production, highlighted in some instances

by plankton "blooms."

The Charlotte Harbor estuary is currently removing an estimated 1.8 g

organic matter/mz/day with subsequent nutrient regeneration. This
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7.3.3

represents 16 percent of the organic load the bay receives from internal
production and external sources. It is estimated that organic loads
could be increased by 6 percent before net fish production capability

would be lost.

As a nutrient trap (phosphorus) the estuary is a net loser. It is
estimated that total phosphorus inputs would have to be reduced by about
5 percent to bring the bay to the null point. To bring the bay to a
nutrient scrubbing capacity similar to natural estuarine areas {such as
Chokoloskee Bay) with similar turnover times, 11 percent of the total

phosphorus input would have to be reduced.

Charlotte Harbor is a viable, productive estuarine area. It is actively
processing organic matter and shows a net organic reduction from inputs
to outputs, which suggest nutrient regeneration capabilities are still
intact. It is a net fish production area of 0.64 g/mZ/day. The

area does not exhibit nutrient scrubbing capability based on this

analysis.

Biological Information and Water Quality

Biological information is essential to a water quality program. Total
community metabolism as an indicator of estuarine health is a good
overall indicator, however plankton metabolism measurements should
accompany total community measurements to show benthic or planktonic

dominance. High total community productivities can occur in sewage
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treatment polishing ponds, so it is important to establish component
productivities to determine if what is being produced is desirable.
Data indicate that free-water diurnal measurements in this area need be

made for both surface and bottom due to the depths of the water column.

Diurnal productivities should be monitored quarterly to establish
seasonal trends. Total organic carbon, total phosphorus, and total
nitrogen levels should be monitored seasonally as well. Data reduction
procedures for diurnal oxygen procedures are available in a USGS Aquatic
Sampling Handbook. Chlorophyll data should also be monitored seasonally
and possibly more frequently during periods when phytoplankton blooms
would be expected to occur (late spring to early fall). Data for
chlorophyll, zooplankton, and phytoplankton sample collection indicate
no significant difference in levels between high and low tides. Model
evaluation and analysis suggest that chlorophyll data is preferential
over phytoplankton biovolume data as a basis for estimating phytoplank-

ton biomass.
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8.0
8.1

8.2

DISCUSSION OF AREA WATER QUALITY GOALS AND OBJECTIVES
Section 303 a), b), and c); and 40 CFR 130.17(C) Requirements

The general requirements of PL 92-500, Section 303, and 40 CFR 130.17

have been addressed in introductory sections of this report.

Study Area Water Resource Management Objectives

It is generally recognized that water quality is a primary consideration

in the ecolegic and economic health of an estuary system. Sources of water
quality degradation include a variety of point and nonpoint sources that
accompany development of shoreline areas, and activities in upland

drainage basins and watersheds that affect the quality of inflowing waters

to the estuarine system. There are types of development activities in
estuarine areas that have equal or greater consequential impacts to the
ecology of the system than water quality degradation alone. These activities
include dredge and fill, channelization and drainage projects, canal develop-
ment, diversion or change in freshwater flows and random development of
coastal wetlands. The impacts resulting from these activities may be wide-
spread, cumulative, long-term, and extremely difficult to correct or even
irreversible. Those activities which may significantTy alter the circulation
of the system or upset the cycle or quantity of freshwater flows to the

estuary have great potential for serious, Tong-term ecologic consequences.

In keeping with the intent of PL 92-500 and the 208 program to maintain
swimmable, fishable waters, a water quality management program resulting
from implementation of Section 208 should consider the varied complexities

and relationships between water use, flood control and drainage projects,
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development impacts, point and nonpoint discharges, and the carrying

capacity of the estuarine system.

This assessment of management objectives is intended to review existing and
potential sources of water quality degradation, environmental considerations
and possible management objectives associated with the Charlotte Harbor
estuary system. The information contained has been derived from eva]uations.
of past and recent water quality data, a review of literature on Florida
estuary studies, personal communications with state and local agencies, and
recent surveys conducted within the Harbor and its tributaries. Detailed
analysis of water quality and other physical data are not presented here,
but have been discussed jn other sections of this report.

Relative to other west coast estuaries the Charlotte Harbor system has not
yet seen extensive dense development of the shoreline areas. This is not
to say that the Harbor has not yet been affected; it is a matter of degree.
Charlotte Harbor is vulnerable to every potential impact associated with
industrial, agficu]tura], and urban development. The Charlotte Harbor
estuary system is somewhat unique in that.there is opportunity to implement
an estuary management program oriented as a problem prevention and planning

program rather than a "clean-up" force.
A program for water quality and estuarine management should recognize the

problems specific to Charlotte Harbor as well as those problems generally

common to Florida estuary systems.
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8.2.1

Hydrologic Modification

Estuarine ecosystems include upland watersheds, drainage basins, and fresh-
water wetlands which represent the source of fresh water to the estuary
system. These upland drainage basins, in a natural state, serve to store
and regulate the release of waters accumulated from seasonal rainfall.
Stored waters are released ultimately to the estuary through surface

and subsurface flows. During transit these waters are cleaned naturally
through filtration and other mechanisms which partially remove sediments,
nutrients, some chemicals and bacteria, and release good quality fresh
water to the estuary. Equally important, the natural hydrology of these
systems release water to the estuary at intervals and volumes which would
normally avoid impacts to the system arising from sharp salinity changes.
The rhythmic release of fresh water from upland drainage is the primary
mechanism responsible for the salinity and circulation patterns, flushing
capacity, and the transport of nutrients necessary to the high productivity
of the estuary system. The salinity gradients within the estuary are
typically Tow inland at the freshwater tributary sources and increase in
concentration seaward approaching the salinity of seawater. Aquatic species
(both plant and animal) within the estuary vary in their ability to tolerate
changes in salinity while others are tolerant to only a very narrow salinity
range. Further, the abi}ity of some species to reproduce is dependent upon
the Tevel of salinity within the system, and some require different salinity
ranges during their growth period. Aquatic species within an estuary are
generally present because of their suitability to the natural salinity regime

within that system.
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Considering it is the inflow of fresh water to the estuary system that
generates the broad range of salinity gradients, establishes the circula-
tion pattern, promotes flushing, and carries to the estuary much of the
nutrient budget necessary for this highly productive system, it would seem
imperative that freshwater flow to the system be maintained as closely as
possible to natural rates. Alterations to the flow regime within upland
drainage basins or tributaries such as agricultural drainage, channeliza-
tion, cana1'construction, and water diversion or withdrawal projects have
great potential for changing the freshwater flow regime to the estuary and,
therefore, possible severe impacts to the estuarine ecosystem. Such alter-
ations may cause an increase or decrease in freshwater inflow, a change in
the cyclicity of the runoff, change the location of the discharge, or any
combination of the above. Reductions of freshwater inflow have the greatest
potential for serious impacts to the system. Reduced freshwater volumes
available for dilution of saline waters would alter or decrease brackish
areas of the system and hence the suitability of the habitat for salinity-
sensitive aquatic species. In addition, the ability of the system to
dilute, flush, and treat wastes will be seriously impaired, and this very

important source of nutrients to the system would be diminished.

Extensive hydrologic modification has occurred to the north and in the Port
Charlotte area. Upland channelization for improvement of agricultural and
pasturelands has diverted flows to the south through an intricate system of
interceptor canals and waterways which ultimately flow to Charlotte Harbor.
Most upland drainage is directed to the harbor primarily through Big Slough,
Tippecanoe Bay, and Little Alligator Creek. Other significant constructed

drainage systems exist along the eastern shoreline directing flows to the
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harbor through Alligator Creek, Gator Slough, and Bear Branch. These
drainage systems exhibit a variety of flow control structures and salinity
barriers. It has been estimated that more than 11,000 acres of coastal

and submerged land have been modified for channels, spoil islands, develop-

ments, and drainage projects.

Unfortunately, a historical data base may not exist from which the long-
term biologic or hydrologic impacts of such freshwater flow alterations
might be determined. A review of historical rain and flow data for Peace
and Myakka gage stations indicate that average flow volumes may be on the

decrease.

The historical mean annual precipitation for the Ft. Myers area for the
years 1933 to 1961 is 53.73 inches. Fof the period 1933 to 1976 the
average is 53.17 inches, a one percent decrease from the 1933 to 1976 base.
For the period 1961 to 1972 the average is 52.09 inches, a three percent
decline from the 1933 to 1961 base.

The historical mean annual runoff for the Peace River at Arcadia for the
period Apf11 1931 to September 1961 was 13.04 inches. For the period

1931 to 1976 the mean annual runoff was 11.79 inches, a ten percent decrease.
For the period 1961 to 1976 the mean annual runoff was 9.29 inches, a 28

percent decrease from the 1931 to 1961 base.

In the Myakka River, near Sarasgta, the mean annual runoff for the period

1936 to 1961 was 15.71 inches. From 1936 to 1976 the runoff averaged




annual runoff was 13.98 inches, an 11 percent decline from the 1936 to

1961 base.

From the above data it appears that although the long-term mean annual
rainfall remained essentially constant from 1961 to 1976, the long-term
mean annual runoff for the Peace and Myakka rivers has been decreasing.
Without more detailed analysis it is difficult to say why this trend is
occurring. A number of theories may be advanced: (1) Increased develop-
ment has changed the hydrologic character of the watershed. Drawdown

of the water table may be decreasing groundwater flow contributed to the
stream or may cause flow from the stream to enter the groundwater regime.
(2) Channelization and construction of drainage canals is diverting storm-
water from natural drainage paths which normally would contribute to
streamflow. (3) Increased usage of surface water by upstream municipalities
and industries, or irrigation for agriculture has decreased flow in the

stream.

It is agknow]edged that a direct correlation cannot be made between precipi-
tation at Ft. Myers and streamflow in the Peace River at Arcadia and in

the Myakka River near Sarasota. Rather, an assumption is made that if

Ft. Myers has a relatively "dry" or “"wet" year, then the surrounding area
would be Tikely to experience a similar amount of precipitation. This
comparison of precipitatfon and rainfall is intended to show any trends in
streamflow which may ultimately affect the quantity of tributary discharge
to Charlotte Harbor. A more detailed analysis should be made using precipi-
tation data from rainfall gages at Arcadia, Punta Gorda, and Myakka River

State Park.
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8.2.2

Impacts resulting from hydrologic modification and alteration of freshwater
flows to estuaries are well documented through several case studies. A
recent study of Rookery Bay, Florida, for example, noted that drainage
alterations of seasonal freshwater discharges resulted in abrupt salinity
changes, turbidity increases, large increases in BOD and total phosphates,
decreased DO, and marked increases in coliform bacteria counts. The Fahka
Union Canal system seasonally discharges freshwater through Fahka Union

Bay from a large channelization system so rapidly that the ability of the
extensive mangrove system to assimilate nutrients for release during periods

of Tow discharge has been upset creating an imbalance within the ecosystem.

The extreme importance of maintaining the cycle and volumes of freshwater
£lows to an estuary as a management objective, has been adequately demon-
strated in the literature. Hydrologic modification to the Charlotte Harbor
system has been extensive although the long-term impacts may not yet be

realized.

Stormwater Runoff and Land Dréinage

As previously discussed, the estuarine system includes upland drainage areas
or watersheds which are directly linked to the estuary through flows of
runoff waters. The estuary is a focal point that tends to concentrate runoff
waters from upland watersheds. Consequently, activities wtihin these
watersheds which degradé the quality, change the volume, or alter the timing
or rate of delivery of runoff waters to the estuary have potential for
negative impacts to the system: The character and volume of contaminants

carried by nonpoint sources of runoff are diverse and are dependent upon
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a variety of land use and watershed characteristics. The most prominent
nonpoint pollution problems arise from the flow of toxic subs tances,
nutrients, metals, bacteria and sediments to the estuary. The character
of these Toads and their possible sources within the Charlotte Harbor area

are discussed elsewhere.

An apparent problem within the Charlotte Harbor system having a potential
for serious impact is the rate and volume of storm runoff waters delivered
to the estuary system. This problem is primarily one of decreasing or
increasing flows to the estuary and changing the timing or cycling of

flows to the estuary. The impounding of freshwater flow and the diversion
of water for agricultural, industrial, or consumptive uses tends to reduce
the volume of freshwater flow to the estuary. The magnitude of this
reduction is dependent upon seasonal fluctuation in terms of rainfall and
agricultural-industrial uses. Any reduction in flow reduces the volume

of fresh water available for dilution of saline waters within the estuary,
and hence reduces the size of the biologically rich brackish zone. Although
the average annual volume of flow may be maintained through flow regulation,
changes in»the cycle of these freshwater flows alter the migration, breeding
and feeding habits of salinity-sensitive organisms within the estuary.

This, of course, directly influences the availability of commercially
important fish and shellfish. Conversely, freshwater flows to the estuary
may be increased due to ufbanization, channelization, devegetation, and
construction of storm drainage systems. Increased flow volumes are equaily

disruptive to the salinity patterns of the estuary.
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The extensive channelization to the north of Charlotte Harbor for the
purposes of agricultural and urban drainage has been generally described.
A serious potential problem exists in the future development of vast areas
between and adjacent to the Peace and Myakka rivers. Generally, this
includes an area from Harbor Heights west to North Port, and from Port
Charlotte north to the Sarasota county line. This entire area has been
pre-developed for future urbanization. A massive system of interceptor

waterways and drainage channels has preceded this future development.

Urban stormwater drainage systems within these "pre-developed" areas consist
of graded swales drained directly to interceptor canals which ultimately
flow to Charlotte Harbor through Alligator Bay, Tippecanoe Bay or the Big

Slough waterway.

The potential impact of the substantial increase in impervious surface area
resulting from future development and the subsequent rapid runoff of storm
waters is an important issue to the future water quality and general health

of the Charlotte Harbor system.

Existing drainage systems are constructed to rapidly convey stormwaters away
from urbanized areas, and subsequently, have a potential for.causing flow
surges to receiving waters. While the canal systems and interceptor
waterways through which fhese waters are directed, will provide some storage
and retention, the usefulness and efficiency of stormwater interceptor
canals as wastewater treatment systems is not yet proven. The pollutant

Toads associated with urban stornwater flows have been substantially
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documented in the literature. The future potential impacts from the storm-
water systems appear then to be surges of contaminant-loaded stormwater
to the harbor and alterations of the flow regime due to either increased

runoff flows as a result of urbanization or an upset of the flow cycle due

to hydraulic modifications.

Urban canal developments within the tidal zone have somewhat different runoff
problems from canal systems above salinity barriers. The primary difference

is that runoff water in the tidal areas does not benefit from any degree

of possible pre-treatment or flow regulation from retention or storage within
canal systems prior to entering the receiving waters. Runoff from roads,
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the tidal canals. In many areas the canals are the direct receptor systems
for stormwater runoff. A variety of runoff flow problems in the tidal
canal areas exist as direct road drainage, sheet flow from lawns graded to
the canals over sloped lawns, or storm drainage systems directed to the
canals. The primary problem within these areas is that the stormwater
flows are rather direct and have accelerated such that there is little or

no natural treatment benefit or stabilization of flows through vegetated

areas or soil infiltration.
It is apparent that stormwater runoff problems in the Charlotte Harbor

area could only be expected to become more severe with increased urbanization

and development, and management of these nonpoint sources is necessary.
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8.2.3 Coliform Bacteria
Coliform bacteria levels in natural waters are the general criteria by which
health officials determine the health hazard of waters for contact recreation
or shellfishing. 1In recent years, the Charlotte Harbor area has seen
numerous closings in the north harbor and river areas adjacent to urban
development. Recent Titerature investigating bacteria in storawaters
indicates that coliform bacteria levels in urban runoff waters alone may
be sufficiently high to cause violations of health standards. Additional
sources of coliform bacteria (other than treatment facilities) in Florida
estuaries include feedlots, grazing areas, and septic fields. In the
Charlotte Harbor area, urban runoff and septic systems appear to be the
most severe sources within developed drainage areas.
Septic tank systems become serious potential sources of water pollution
when they are placed near water bodies, particularly in tidally influenced
and high water table areas. Septic drain fields near water bodies may
become saturated due to high rainfall, rising water table or tide forces.
Any one of these conditions or combination of influences may cause flushing
of the drain fields into nearby surface waters. Drain fields that operate
poorly may also cause tanks to overflow during high rainfall or rising water

. table, causing surface runoff or overflow pipe discharges of septic wastes

to coastal waters. Coliform bacteria levels tend to decrease with increased
salinity Tevels. The downstream decrease in coliform levels is readily
seen as salinity concentrations increase seaward in most estuarine systems.
During periods of high freshwat?r flow, however, coliform contaminated
waters may persist and become rather widespread as has been seen in Rookery

Bay; and beach and shellfishing area closings are a result.
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Septic field absorption efficiency is primarily a function of soil suit-
ability and the distance to the water body. If these conditions are not
sufficient for primary treatment of 1iquid wastes the seepage reaches

surface water in a poorly treated condition. These septic field pollutants
incliude bacteria and nutrients. Septic contamination can also be a sub-
stantial source of nitrogen. In a nitrogen-limited estuary such as Charlotte
Harbor, this potential problem becomes acute. Setback distances from
shorelines may be adequate for attenuation of bacteria while inadequate

for removal of disso1ved nitrates.

The potential problems of septic fields have been seen in other nearby
Florida coastal waters such as Lemon Bay, Phillipi Creek, Rookery Bay, and
Hillsborough Bay. Typically, these systems experience marked increases in
coliform bacteria and nutrients durjng periods of high freshwater flow.
While there are many possible sourées of these contaminants, fecal coliform-
fecal strept ratios indicate human waste sources and septic tank systems

are highly suspect.

The Charlotte Harbor sampling program showed rather persistent, although
varied, violation levels of fecal coliforms in most tributary areas that
were heavily deve]oped. During the sampling program, beach closings were
seen at Harbor Heights and several sections of the lTower Peace River along
the west shoreline. Spot sampling in tidal creeks along the shore and in
some developed interior canals showed violation levels of coliform bacteria.
Bank seepage at the shoreline adjacent to septic tank fields was seen in

several areas. Further, intermittent flows from drain pipes through bulkhead
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8.2.4

walls were observed. Personal communication with local area residents
indicate these may be direct flows of raw untreated sewage into tidal creeks
and overflow of septic fields is not uncommon. Intervjews with shoreline
residents and local government officials verify that tests conducted in

some homes revealed that wastes flowed to surface waters through drain
systems (or possibly septic overflow drains) in bulkhead walls and poured
into canal waters in less than 30 minutes. Some residents along canals and
tidal creeks complain of strong septic odors during periods of extreme low

tides.

The problem of septic tank contamination in Charlotte Harbor waters is not
well documented. The frequency of beach and shellfish area closings does,
however,.indicate the potential seriousness of bacterial po]]ution,and

septic systems are a prime suspect. The evidence at least warrants consid-

eration for engineering evaluation of sanitary wastewater management

alternatives.

Nutrient Management

Charlotte Harbor waters are relatively rich in nutrients necessary for
biological productivity compared to most natural coastal waters. The Peace
River, which flows through phosphate-bearing formations (Bone Valley and
Hawthorn), is the primary source of phosphorus to the system. A previous
study of nutrient contributions to the Charlotte Harbor system indicates
that the Peace River contributes 90 percent of the total phosphorus inflow
to the harbor. Further, the rate of inflow of nutrients to the harbor

system appears to be dependent upon flow volume rather than concentration.
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Concentrations of nitrogen and phosphorus are highest in the upper reaches
of the rivers and decrease proportionally as river waters dilute seaward
with higher salinity waters. Data taken during the 208 sampling program
tend to verify previous studies concluding that Charlotte Harbor is a

nitrogen-Timited system. The relatively low level of nitrogen is the

primary factor which limits increased primary productivity within the

system.

Charlotte Harbor is typical of a naturally rich estuarine system highly
productive biologically because abundant food is produced for growth of
organisms. This level of productivity is dependent upon the nutrient budget

i the estuary and peripheral

and nutrient sto
tidal marshes and mangrove areas. These nutrient storage areas maintain

a state of balance or equilibrium with estuarine waters. In terms of the
nutrient budget within Charlotte Harbor, the most serious nonpoint pollution
problems may be those which contribute excess phosphorus and, particularly,
nitrogen to the system. Additions of nitrate and ammonia stimulate growth
significantly. Apparently insignificant increases in productivity as a
result of small additions of nutrients may have cumulative effects on the
already highly productive system. Productivity surges tax the oxygen

balance within the system, and during periods of low flow during the summer,

prolonged dissolved oxygen depletion can result in fish and shellfish kills.
An assessment of the natural nutrient budget and sources to the Charlotte

Harbor system would prove to be a very important management tool. Ffuture

impacts may be prevented if the nutrient budget were understood. Presently,
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8.3
8.3.1

other key sources of nutrients to the system are primarily derived from

raw and treated sanitary wastes, agricultural activities within the water-
sheds including land treatment of fertilizers and soil erosion, urban runoff,
and certain sources of groundwater nutrients as infiltration to surface

water systems.

While many of these nonpoint sources of nutrients may be managed in the
future, a critical and rather persistent problem arises in the deregulation
of the natural nutrient budgets of the system by artificial drainage systems,
and destruction of tidal wetlands and mangrove systems critical to natural
nutrient control within the system. Intertidal wetlands and mangrove

systems provide a buffer zone between upland nutrient runoff and the harbor.
These areas store, absorb, convert, and regulate upland nutrient additions

to the harbor. Intertidal areas within Charlotte Harbor are declining due

to drainage, dredge and fill, and subsequent development. Channelization

and drainage projects virtually eliminate the buffer effect of tidal zone

vegetation because runoff waters are routed directly to Charlotte Harbor.

The future preservation of water quality in Charlotte Harbor may be highly
dependent upon management of excessive nutrient additions to the system.
Since Charlotte Harbor is a nitrogen-limited system, it could be expected

that serious impacts would result from future nitrogen additions.

Water Quality Management Criteria Recommendations

Hydrographic Modification
In view of the potential impacts to the water quality and ecosystem within

Charlotte Harbor as a result of future hydrologic modification, possible

221



engineering and management priorities should be considered. A hydrologic
evaluation (including a water budget) of the Charlotte Harbor estuary system
and tributaries would provide necessary background data to assess the
impacts of future projects having potential for alteration of the hydrology

of the harbor or tributary system.

Engineering and management objectives may include:
1. Preservation of natural land drainage systems within basins and
watersheds.
2. Nonstructural alternatives to channelization for agricultural
drainage projects.
3. Engineering alternatives for the preservation of the natural
» freshwater flow regime to Charlotte Harbor.
4. Management of construction within submerged areas, and coastal
zones.
5. Management of construction which alters quality or quantity of
runoff waters to Charlotte Harbor.

6. Management of dredge and fill projects.

8.3.2 Stormwater Runoff and Land Drainage

-

The primary problems associated with stormwater runoff flow and land drainage
systems include water quality degradation, increase or decrease in flow
volume, flow surges, and upset of natural freshwater flow periods to the

Chariotte Harbor estuary.

Management criteria may include:

1. An evaluation of the freshwater budget to Charlotte including
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an assessment of the impacts of present stornwater and upland

drainage systems on the freshwater flow budget.

2. Management of the construction of stornmwater runoff drainage systems.

3. Nonstructural and structural stornwater runoff control and pre-

treatment engineering alternatives which might include:

a.

b.

flow regulation through vegetated drainage swales;

on-site retention within swale systems or retention ponds ;
preservation of vegetative buffers along drainage paths;
preservation of vegetative buffers along water courses to
Charlotte Harbor;

evaluation of the effectiveness of porous paving materials;
development of an areawide management policy for stormwater
runoff control which may include flow regulation, nonstructural
treatment alternatives, and practices for reducing pollutant
Toads in stormwater runoff; and

investigations of the potential for beneficial use of excessive
runoff volumes and nutrient-rich or polluted runoff waters

(diversion for irrigation or land treatment, for example).

8.3.3 Coliform Bacteria

- The widespread use of septic tank systems in shoreline development raises

great potential for pollution of Charlotte Harbor waters by coliform and

pathogen bacteria and nutrients, particularly nitrates.

Management objectives may include:

1. Evaluation of soils in shoreline areas and their suitability for

septic tank systems.
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Establishment of adequate setback lines for septic systems from
high water lines in shoreline areas.

Establishment of water table and soils criteria for shoreline
septic system construction.

Engineering evaluation of other treatment alternatives for
shoreline developments.

Evaluation of present septic tank construction practice and
inspection requirements. Other construction practices such as
seepage pits and overflow pipes to surface waters should be

reviewed.

8.3.4 Nutrient Management

tuture water quality impacts to Charlotte Harbor may be minimized through

management of point and nonpoint nutrient sources and, particularly, man-

agement of nitrogen. Management and engineering alternatives would include

control of nonpoint sources such as urban runoff, agricultural sources

including land treatment of fertilizers and erosion, diffuse sources of

septic infiltration of nitrate, and management of drainage, devegetation,

and dredge and fill projects.

- Management criteria may include:

1.

Determination of the natural nutrient budget and nitrogen-
phosphorus ratio for Charlotte Harbor.

Evaluations of existing sources and sinks of nutrients within the
estuarine system.

Evaluation of waste load allocations for nutrients within the

system and:
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a. determine inputs from point and nonpoint waste treatment sources;

b. assess the existing and potential effects of diffuse septic
tank infiltration of nitrates to the system;

c. estimate combined effects of septic tank sources and other
poorly treated waste sources of nitrogen to the system; and

d. estimate the magnitude of these source problems to be nutrient
load allocations.

Determination of nonstructural engineering alternatives for manage-

ment of nonpoint nutrient sources from agricultural activities

such as: soil erosion; land treatment of fertilizers; cropping

practices; drainage practices; grazing and pasture drainage; and

feedlot drainage.

Estimation of nutrient contributions from runoff for various land

use categories within the Charlotte Harbor estuary system, and

evaluate structural and nonstructural control alternatives for

excess nutrients from those categories.

Determination of engineering and management control alternatives

for dredge and fill, channelization and drainage, devegetation and

destruction of intertidal zones as alterations to the natural

nutrient budget control within the Charlotte Harbor system.
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9.0
9.1

9.1.1

9.1.2

DISCUSSION OF DEFICIENCIES IN WATER QUALITY

Present Conditions

Water quality within Charlotte Harbor is generally good. Quality deficien-
cies exist primarily for nutrients, bacteria, the presence of pesticides,
and some heavy metals. The presence of these constituents and the Tevel of
their concentration are highly variable, depending upon tidal and flow con-
ditions, precipitation, and other seasonal influences. The magnitude and
persistence of parameters compared to established criteria may be evaluated

in Tables 2.3-16 through 2.3-45. Section 3.4.

Nutrients

High levels of phosphorus in Charlotte Harbor contributed primarily by the

Peace River system coupled with substantial supporting data that the Charlotte

Harbor system is nitrogen-limited, present a sensitive situation with regard
to future nutrient additions. Recent studies suggest that nitrogen may

be the Timiting nutrient in estuaries.

Modification to natural nutrient budgets and nutrient additions caused by
basin modifications and runoff are historically among the most serious
problems which impact estuaries. Future additions of nutrients from

any source, particularly nitrogen, should be closely managed.

Pesticides

Charlotte Harbor and tributary samples were analyzed for "BHC," Lindane,
Heptachlor, Aldrin, Heptachlor Epoxide, Dieldren, Endrin, and DDT/DDD deriv-
atives and component compounds.  The presence of any of these pesticides

in natural waters should be considered significant. "BHC" is the most
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9.1.3

9.1.4

persistent of all pesticides, appearing in significant concentrations

in all tributary stations and all but three harbor stations. Lindane and
Heptachlor appear in the north harbor at the Myakka River and on the
western side of the central harbor, lower Coral Creek, Grande Pass, one
southern harbor station, and in the upper reaches of the Peace and Myakka
river systems. Aldrin appears in Big Slough and Little Alligator Creek.
Dieldrin concentrations were detected in northern harbor stations, upper
Gasparilla Sound, and all tributaries except Big Slough, Little Alligator
Creek, and Alligator Creek. Concentrations of other pesticides examined
were not detected in any samples. "BHC," Dieldrin, Lindane, Heptachlor,

and Aldrin were present in that order of frequency and concentration.

Bacteria

Coliform bacteria concentrations above recommended health criteria are
rather bersistent in some tributary waters and within canal systems exposed
to septic infiltration and direct runoff. Numerous closings of waters

due to bacterial pollution have occurred in numerous areas in the Peace

and Myakka rivers. High coliform counts are seen periodically throughout
the Harbor system during periods of high flow. The data is indicative of
a potentially severe future problem with poorly treated sanitary wastes

entering the system.

Hydrographic Modificatioﬁ

Construction of channelization projects and residential artificial canal
systems present a potential water quality hazard to the Charlotte Harbor
estuary in the form of introduction of poor quality waters to the system.

This problem has been discussed at length in other sections of this report,
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and other outputs of the 208 program. It is not necessary to elaborate
further on the mechanics of the problems other than to iterate that it

is an existing deficiency in the quality of Charlotte Harbor waters.

Heavy Metals

Heavy metals such as mercury and copper show high concentrations in
tributaries and the Harbor, apparently as the rate of stormwater runoff
increases within the system. Mercury shows rather high persistency at
nearly all sampling stations for a given month during the rainy season.

Levels of mercury may be examined in the comparative tables in Section 3.4.

ef mercury, well above the yearly average, should not be taken lightly.
These appearances are probably due to first flush effects of treated
égricu]tura] lands and domestic lawn treatment. Mercury levels should

be monitored and remedial management instituted should the problem become

more severe.
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9.2 Maximum Allowable Loads

Maximum allowable loads of total nitrogen (TN) and total phosphorus
(TP) that should be discharged to Charlotte Harbor were derived by
first establishing the water quality criteria to be maintained in the
harbor. These water quality criteria were established in terms of
acceptable chlorophyll a levels in the harbor and then translated into
allowable TN and TP concentrations. The acceptable chlorophyll a level
was set at 15 micrograms per liter (ug/1). The following relation-
ships, developed by the Florida DER for the Caloosahatchee estuary,
were then applied to derive the nutrient levels needed to maintain

desired chlorophyll a levels:

Chl a 70.2 Limit NP - 47

Chl a 329 TP - 31
where:
Limit NP = minimum of TN, or (10) TP

total nitrogen concentratidn (mg/1)

N
TP

total phosphorus concentration (mg/1)
Chl a = chlorophyll a concentration (ug/1)
Using the above relationships, allowable TN and TP levels necessary to

1imit chlorophyll a to 15 ug/1 are as follows:

TN 0.87 mg/1

TP

0.14 mgN
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The relationships used in the Caloosahatchee River were adopted because
they represent the most recent work of this type available. Future
studies will probably indicate any changes necessary for application

specifically to Charlotte Harbor.

The available water quality data as well as the results of the water
quality modeling effort described in Section 6.0 indicated that. criti-
cal water quality conditions in the harbor, in terms of nutrients,
occur during the month of August. Further, the data on the existing
and projected waste loads indicated maximum input of nutrients into
Segment 1, the northernmost portion of the harbor. Further, hydrodyna-
mics of the harbor.is such that, under the present and future land use
conditions, maximum pollutant concentrations occur in Segment 1. Hydro-
dynamics, as used here, refers to the water movement using the simpli-
fied one-dimensional description of the harbor adopted for this study.
Consequently, if the water quality criteria for TN and TP is met in
Segment 1 during August, it will be met throughout the harbor during
the year. Using this rationale, the allowable loads for Segment 1 dur-
ing the month of August are those that determine maximum allowable
Toads. For 1976 and 1978 through 1998, the maximum allowable loads
for TN and TP are listed below:

Maximum Allowable Load Pounds per Month

TN TP
1976 410,688 105,173
1978 through
1998 722,311 146,693
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9.3 Necessary Reductions in Present and Future Projected Loads

Existing and projected wasteloads of TN and TP to Segment 1 were com-
pared with the maximum allowable loads for this segment derived in the
previous section. Thus, the percent reductions in TN and TP needed to
maintain water quality criteria were determined. These load reductions
to Segment 1 during the month of August are as follows:

Percent Reduction in Segment 1

TN TP

1976 54 83
1978 through

1998 58 92

The input to Segment 1 is comprised of Peace and Myakka Rivers, point
sources, and the nonpoint loads from Watersheds 1, 6, and 7. Conse-

quently, the controls are needed only on these sources.
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9.4 Water Quality Standards Revisions Recommendations

9.5

Revisions to or additions of water quality standards for stream or surface
water segments that are part of a complex estuarine system such as Charlotte
Harbor should consider those water quality parameters and problems unique to
estuaries. Establishment of water quality parameter criteria for estuaries
is of 1ittle use unless the varicus complex relationships between chemical
constituents, carrying capacity, and general health of the system are

understood.

Criteria for nutrient levels specifically for the Charlotte Harbor system
should be established with due consideration to the high phosphorus loadings
within the system and the nitrogen-limiting relationship which appears to

De a natural state. Conductivity and salinity criteria, perhaps on an
annual average basis, should be considered which would realistically monitor

the problems of freshwater flow deregulation of the natural system.
Pesticide, herbicide, and toxic substance criteria should be evaluated in
consideration of the productivity of the system, time of maximum juvenile

populations, and indigenous species unique to the Charlotte Harbor area.

Future Study Recommendations

One of the greatest potential impacts to water quality of an estuary system
1ies in the possibility of modification of the natural salinity patterns or
regimen within the system. Salinity changes occur typically through abrupt
or long-term alterations in the freshwater inflow to the system, channeliza-
tion which diverts or restricts entry of saline waters, or dredge and fill

activities which alter the hydrography of the estuary basin.
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Historically, it has been alteration of estuary salinity that has ulti-
mately had the greatest consequential impact on man's use of the system

for recreation, fish and shellfish harvesting, or other beneficial uses.

A priority future study should be oriented toward an understanding of
optimal salinity conditions, circulation and mixing, and minimum-maximum
freshwater inflow budgets of the system. The hydrography of Charlotte
Harbor 1is poorly understood, and must be defined if the quality of the
system is to be preserved. Of nearly equal importance would be the estab-
1jshment of a mathematical predictive model which simulates optimal salinity
and hydrographic conditions as a management tool by which the impacts of

projects which impinge upon the system may be determined.
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