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Tidal Flow in Selected Areas of Tampa Bay and
Charlotte Harbor, Florida, 1995-96

By Michael J. DelCharco

Abstract

Until recently, flow between the Gulf of
Mexico and the two largest estuaries in Florida,
Tampa Bay and Charlotte Harbor, had been
studied using limited field data sets. Because
many regulatory and management decisions are
based on circulation patterns and flow, it is essen-
tial to understand and expand the knowledge of
estuarine flows. The cost and complexities of field
measurements had limited the direct measurement
of flow until the development of the broad-band
acoustic Doppler current profiler. This meter
improves the spatial and temporal measurements
of flow velocities, compared to standard point-
velocity techniques, and allows for more accurate
calculations of flow.

Reconnaissance measurements of flow in
Tampa Bay and Charlotte Harbor began in Janu-
ary 1995 and led to the selection of measurement
locations at the mouth of Tampa Bay, the north
end of Anna Maria Sound, the mouth of Boca
Grande Pass, and the north end of Pine Island
Sound. During a 2-year period, 232 flow measure-
ments were made at these locations. Riverine and
tributary flows to Tampa Bay and Charlotte
Harbor were recorded and used to examine fresh-
water inflow volumes to the systems. Continuous
measurements of tidal elevation and wind also
were made during the flow measurements.

Flow measurements at the mouth of Tampa
Bay ranged from 1,260,000 cubic feet per second
for an ebb flow to -954,000 cubic feet per second
for a flood flow, with the largest percentages of
flow occurring in the Egmont Channel, Southwest
Channel, and Passage Key Inlet. Flow between

Tampa Bay and Anna Maria Sound was small,
typically less than 1 percent of the flow at the
mouth of Tampa Bay. Flow measurements for this
study were of the same magnitude and range as
those previously made in the bay, but of greater
detail, allowing for a better understanding of flow
patterns across the mouth and in the channels.
Boca Grande Pass flow measurements ranged
from an ebb flow of 428,000 cubic feet per second
to a flood flow of -398,000 cubic feet per second,
with flow fairly evenly distributed across th=
mouth. Flows measured at Boca Grande pass
were of the same magnitude and range as thnse
previously made using point-velocity meters.
Measurements at Pine Island Sound were divided
into three sections due to the size, shallow d=pths,
and shoals present in the upper end of the sound.
Flow in the western part of the sound was in the
same phase as at Boca Grande Pass (flood o~ ebb)
but carried only about 3 percent of the total flow
at the pass. Flow through an area above Useppa
Island moved west to east during flood flows at
Boca Grande Pass and was less than 3 percent of
the total flow at the pass and in the opposite direc-
tion for ebb flows. Flows measured in the natural
channel east of Useppa Island were to the nnrth
during flood flows at Boca Grande Pass and in the
opposite direction for ebb flows. Flows at this sec-
tion were about 4 to 5 percent of the total flow at
Boca Grande Pass. Measurements of flow in Pine
Island Sound had not previously been made, but
comparisons to numerical circulation models
showed consistent flow magnitude and directions.

Abstract 1



INTRODUCTION

Tampa Bay and Charlotte Harbor are the two
largest estuaries of Florida (figs. 1 and 2) and are vital
to the Gulf of Mexico fish population, serving as nurs-
ery habitat for a variety of fish including sea trout,
striped mullet, red drum, snook, mangrove snapper,
and tarpon. The local economies are stimulated by the
recreational and commercial use of these two estuarine
systems and their ecological health is an issue of great
concern. In 1995, the U.S. Geological Survey (USGS)
began a cooperative study with the Southwest Florida
Water Management District to measure the flow
between each of the two estuarine systems and the
Gulf of Mexico under a range of tidal, freshwater
inflow, and wind conditions.

Scientists and water managers have sought to
understand the circulation patterns within these large
estuarine systems for years, but the cost and complexi-
ties associated with field measurements of tidal
currents have limited field data-collection efforts. One
massive data-collection effort was done in Tampa Bay
by the National Oceanic and Atmospheric Administra-
tion’s (NOAA) Coastal and Ocean Circulation
Program in 1990 and 1991. This effort produced the
largest volume of circulation measurements in
NOAA’S 100-year history (Zervas, 1993). Collecting
limited field data that can be used to calibrate numeri-
cal models that simulate the hydrodynamic patterns of
an estuary is less expensive than collecting long-term,
system-wide, hydrodynamic data (Hess, 1994). Mod-
els developed for Tampa Bay and Charlotte Harbor are
scaled to cover the entire system (Goodwin, 1987,
1996; Galprin and others, 1991; Sheng and Peene,
1992; Sheng and others, 1994; Yassuda, 1996) and are
calibrated using data from short-term deployments of
point-velocity meters, tide gages, and/or several sets
of flow measurements. Data collected during short-
term field measurements are informative, but may rep-
resent velocity and flow patterns that are applicable
only to the tide, wind, and freshwater inflow character-
istics during the measurement period. Also, the large
scale of these numerical models may not show the
detail necessary to understand the flow patterns in sub-
areas of the systems. Multiple field measurements of
flow during various combinations of tide, wind, and
freshwater inflow can provide a better understanding
of variations in flow than can a single set of flow
measurements.

The development of the broad-tand acoustic
Doppler current profiler (ADCP) allows improved
spatial and temporal measurements of flow in large,
shallow tidal estuaries. This boat-mounted meter
greatly reduces the difficulty and cost: of field mea-
surements and increases the accuracy of the data
collected. The availability of a meter that can quickly
measure multiple velocities at different depths is
particularly useful in tidal estuaries because of the
rapidly changing flow direction and flow stratification.
Direct measurement of vertical velocities in the water
column can provide insight about the flows in and out
of estuaries.

Previously, questions regarding the flows in
Tampa Bay and Charlotte Harbor wer= studied using
numerical models. Flows between Tampa Bay and the
Gulf of Mexico, Charlotte Harbor and the Gulf of
Mexico, Anna Maria Sound and Tampa Bay, and Pine
Island Sound and Charlotte Harbor were examined.
These models have indicated the existence of large cir-
culation gyres and significant residual flows, but only
a few actual field measurements of flow have been
made (Goodwin, 1987; Sheng and Peene, 1992). Dis-
crete measurements of flow, such as those made by a
boat-mounted ADCP, will not reveal residual flows or
gyres that, by definition, occur over lcng temporal
scales (days, weeks or longer). However, these mea-
surements can document flow under a variety of flow
conditions. Flow measurements made at various fresh-
water inflows, tidal conditions, and wind conditions
provide a better understanding of seasonal variations
on flow.

Purpose and Scope

This report presents the results of a study
designed to measure and describe flow in selected
areas of Tampa Bay and Charlotte Harbor. A total of
232 measurements of flow were made at the mouth of
each estuary and within Anna Maria and Pine Island
Sounds. Data collection included measuring the flows
into (flood) and out of (ebb) each estuary and sound
under a range of tidal elevation, wind, and freshwater
inflow conditions. Measurements of ti1al elevation
(water-surface elevation) and wind magnitude and
direction were made while flow data were being col-
lected. Freshwater inflow data from established USGS
gaging sites were used to quantify freshwater inflow.

2 Tidal Flow in Selected Areas of Tampa Bay and Charlotte Harbor, Florida, 1995-96
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Reconnaissance measurements began in January
1995 to identify good measuring sections for each site.
Measurements were made for four to five different
tidal, freshwater inflow, and wind conditions at each
cross section during the 2 years of data collection.
Flow measurements were made during 2-day deploy-
ments in each estuary. Results of the measurements
made during this study are presented and compared to
results of previous measurements and circulation
model studies.
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DESCRIPTION OF STUDY AREA

Typical flow patterns near the mouths of Florida
estuaries are dominated by tides, physical features,
and, to a lesser extent, by freshwater inflow and wind
(Goodwin, 1987, 1996; Levesque and Hammett,
1997). Freshwater inflow, which varies seasonally,
affects flow patterns because of the momentum and
buoyancy associated with freshwater (Day and others,
1989). In a well-mixed estuary, salinity generally
increases toward the mouth of the estuary (horizontal
stratification). Mixed tidal conditions (semidiurnal and
diurnal) and wind direction and strength can affect
flow patterns. Bidirectional flow can occur in a large
estuary when flow is in opposite directions for differ-
ent areas in the cross section. Stratified flow occurs
when velocities are in opposite directions within the
same area in the cross section, such as when surface
water is flowing out while bottom water is flowing in.

Tampa Bay

Tampa Bay, the largest estuary in Florida, gener-
ally is a shallow bay with a surface area of about
347 mi (Goodwin, 1987). The average depth of the
bay is about 12 ft (table 1); about 60 mi of 40-ft deep
navigational channels are present in the bay (Schoell-
hammer, 1991). A study of flow patterns in an area
of lower Hillsborough Bay determined that these
channels tend to dominate flow patterns in some sub-
areas of the bay (Levesque and Hammett, 1997).
Situated on the west-central coast of Florida, the bay
receives freshwater inflow from several rivers and
streams (fig. 1).

Tampa Bay has a subtropical climate with an
annual average temperature of about 72 °F and an
annual average rainfall of about 48 in. (Zervas. 1993).
Annual average wind speed is about 7.5 mi/h f-om the
northeast (Zervas, 1993). Spring and summer winds
tend to be more southerly, whereas fall and winter
winds are more easterly or northeasterly (Yass1da,
1996). Winds greater than 70 mi/h and tides greater
than 5 ft can occur as a result of summer and fell hurri-
canes and tropical storms. Winter storm fronts also can
produce strong winds and tides.

The mouth of Tampa Bay is about 5 mi wide
and has two barrier islands, Egmont and Passage
Keys, that significantly affect flow patterns in the area
(Goodwin, 1987). Two large channels, Egmont and
Southwest, carry the majority of the flow through the
mouth (fig. 3) (Goodwin, 1987; Yassuda, 1996).
Passage Key Inlet is influenced by the Manatee River
(fig. 1) and Anna Maria Sound (Sheng and Peene,
1992). Egmont Channel is the primary navigat onal
channel for shipping and is maintained at a dredged
depth of about 50 ft (fig. 4). The natural migration of
this channel is causing the erosion of Mullet and
Egmont Keys.

Flow patterns in Tampa Bay are the result of the
interaction of tidal water with the bottom configura-
tion and general shape of the bay (Goodwin, 1987).
These flow patterns also are affected by winds, river
inflow, nontidal variations in water elevations (storm
surge), and horizontal salinity gradients (Good vin,
1987; Galprin and others, 1991; Yassuda, 199¢;
Zervas, 1993). The bay typically is vertically well
mixed because of the shallow depths, relatively small
freshwater inflows, small range of tides, and ef‘ects of
wind (Goodwin, 1987; Schoellhammer, 1991; Zervas,
1993). During periods of high freshwater inflow, the
bay can exhibit vertical salinity stratification,

Description of Study Area 5



Table 1. Physical characteristics of Tampa Bay and Charlotte Harbor
[NA, data not available. Modified from Goodwin, 1987, 1996]

urface area, in square miles
Average depth, in feet
Tidal range, in feet

Water volume, in cubic
feet x 101°

Tidal prism, in cubic 2.12
feet x 101°

Median daily freshwater inflow

volume, in cubic feet x 10'€ for water
years 1995 and 1996

10.0057

0.032

1.54 0.40 0.39

0.012 NA NA

IFlows from the Tampa Bypass Canal are not included.

especially near the mouths of the larger rivers (Stoker
and others, 1996). The bay also exhibits horizontal
salinity gradients that can affect flow patterns (Good-
win, 1987; Wiesberg and Williams, 1991; Zervas,
1993). Tides in Tampa Bay are mixed, diurnal, and
semidiurnal, with a range of about 2.2 ft (Yassuda,
1996). The tidal range gradually increases from the
mouth of the bay to its upper reaches (Zervas, 1993).

Tampa Bay does not receive large amounts of
freshwater inflow (table 1), particularly when com-
pared to the tidal prism of the bay. The tidal prism
is defined as the volume of water that moves in an
estuary between minimum and maximum tidal
elevation. The drainage area for the basin is about
2,300 mi? and the bay receives about 70 percent of
its freshwater inflow from four major rivers: the Hills-
borough, the Alafia, the Little Manatee, and the
Manatee Rivers (fig. 1). USGS gages on 10 rivers and
tributaries in the Tampa Bay watershed measure
inflow from about 1,350 mi2, or about 60 percent of
the total drainage area (fig. 1). The inflow data pre-
sented do not include ungaged areas of the watershed.
The Hillsborough and Manatee Rivers and the Tampa
Bypass Canal are regulated by dams that typically
release water only during periods of high flow. Daily
mean inflow from the 1,350-mi? gaged basin averages
about 1,250 ft*/s with a median inflow of about
493 /s (Coffin and Fletcher, 1996) for the period of
record through 1996 for all inflow sites except the
Tampa Bypass Canal. Mean flows in west-central
Florida tend to be skewed because of infrequent high
flows; therefore, median flows tend to be more repre-
sentative of typical flow conditions. For water years

1995 and 1996, the median daily inflow to Tampa Bay
for all the inflow sites was 657 ft>/s. Tk peak monthly
inflow for the 2-year study occurred in August 1995
(fig. 5). Total inflows into the system ere shown
because salinity stratification occurs when the total
amount of freshwater inflow to the system is greatest.
The median daily freshwater inflow volume (for water
years 1995 and 1996) was less than 0.3 percent of the
tidal prism. Physical characteristics of Tampa Bay and
Charlotte Harbor are presented in table 1.

Stoker and others (1996) documented the
decrease in freshwater inflows to Hillshorough Bay
from the Alafia and Hillsborough Rivers and Sulphur
Springs and noted that the decreasing flow trends
began in the early 1960’s. The decrease of freshwater
inflows to the bay is of concern to bay managers
because of the effects these decreases have on water
quality and tidal circulation (Browder, 1991; Clark,
1991; Johansson, 1991; Stowers, 1991; Zarbock,
1991).

Anna Maria Sound

Anna Maria Sound is about 4 mi long from
north to south and about 1.5 mi wide at its mouth at
Tampa Bay (figs. 1 and 3). Two constrictions, Anna
Maria Island Bridge (State Road 64) and Cortez Road
Bridge (State Road 684), reduce the width to about
0.5 mi (fig. 1). Palma Sola Bay is a 4.7-mi? bay on the
east side of Anna Maria Sound. The sound adjoins
Sarasota Bay near the entrance of Long Boat Pass
(fig. 1). The Intracoastal Waterway is a dredged
channel about 10 ft deep and about 200 ft wide that

6 Tidal Flow in Seiected Areas of Tampa Bay and Charlotte Harbor, Florida, 1995-96
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Figure 5. Sum of daily mean inflow from gaged locations to Tampa Bay, Florida, 1995-96.

runs through the sound into Sarasota Bay (fig. 3). Flow ADCP measurements (fig. 6). The gereralized
measurements for Anna Maria Sound were made in a bathymetry in fig. 3 does not accurately show the
navigational channel parallel to the State Road 64 bathymetry as measured during flow measurements.
bridge on the north side (fig. 3). This channel extends For this reason the depth data measured during flow
from bank to bank and has depths sufficiently deep for measurements are presented in fig. 6.
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Charlotte Harbor

Charlotte Harbor is the second largest estuary in
Florida, with a total surface area of about 290 mi”
(table 1) and is located about 100 mi south of Tampa
Bay on the west-central coast of Florida (fig. 2). The
climate is subtropical with an annual average tempera-
ture of 72° F and annual average rainfall of about
52 in. (Goodwin, 1996). Annual average wind speed
is about 8 mi/h from the east (U.S. Department of
Commerce, 1968).

Physical features of Charlotte Harbor have a
dominating effect on flow patterns within the system.
Boca Grande Pass is the mouth of the harbor (fig. 7)
and carries two to four times more flow than any of the
other passes (Goodwin, 1996). Boca Grande Pass is
about 0.8 mi wide and about 50 ft deep at the northern
end (fig. 8). The Intracoastal Waterway, dredged to a
depth of about 10 ft and about 200 ft wide, extends
from Gasparilla Sound through Pine Island Sound and
into the Caloosahatchee River (fig. 2). Goodwin
(1996) defined the subareas of Charlotte Harbor as
Upper and Lower Charlotte Harbor, Gasparilla Sound,
Pine Island Sound, Matlacha Pass, and San Carlos Bay
(fig. 2); these definitions will be used in this report.
Charlotte Harbor is shallow in most areas, except the
main channel through Boca Grande Pass to the mouth
of the Peace River (Stoker, 1992; Goodwin, 1996).
The average depth of the entire Charlotte Harbor
estuarine system is about 7.8 ft. For Lower Charlotte
Harbor and Pine Island Sound, the average depths are
10.3 ft and 5.3 ft, respectively (Goodwin, 1996).

Flow patterns in Charlotte Harbor are tidally
driven and also can be affected by freshwater inflow,
winds, nontidal variations, and horizontal salinity
gradients (Goodwin, 1996; Stoker, 1992). Tides in
Charlotte Harbor are characterized as mixed, diurnal
and semidiurnal, with a range of about 1.9 ft for the
entire system (table 1). Tidal characteristics in the
northern and southern parts of the harbor are different
because of phase lags created by the geometry of the
system and passes (Goodwin, 1996). The Peace and
Myakka Rivers can influence circulation patterns and
salinity gradients in Upper Charlotte Harbor during
periods of high freshwater inflow (Stoker, 199%).
Because of the orientation of the harbor, northeast-
southwest, it is affected most strongly by winds from
the west and southwest. Tropical storms, hurricanes,
and winter storm fronts can create large (more than
5 ft) nontidal variations in water levels.

Charlotte Harbor is the receiving body of fresh-
water inflow from three major rivers (the Myakka, the
Peace, and the Caloosahatchee) and several smaller
streams (fig. 2). Total drainage area for the Cherlotte
Harbor basin is about 4,670 mi? (Stoker, 1992). Aver-
age freshwater inflows to Upper Charlotte Hartor
from the Peace River at Arcadia and the Myakka River
near Sarasota gages are 1,075 and 251 ft3/s, resnec-
tively, for their periods of record (Coffin and Fletcher,
1996). Goodwin (1996) estimated average inflows for
the Peace and Myakka Rivers, including the ungaged
areas, to be 2,010 and 630 ft’/s, respectively. Median
inflows for the period of record for these sites are
465 and 78 ft%/s, respectively. The mean and m=dian
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Figure 7. Generalized bathymetry of Charlotte Harbor and Pine Island Sound, Florida, and
location of measurement sections.
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Figure 8. Cross-section depths at the mouth of Charlotte Harbor,
Florida. (Line of section C-C' shown in figure 7.)

daily inflows to Charlotte Harbor for all the inflow the southern part of Pine Island Sound and San Carlos
sites shown in figure 2, were 2,980 and 1,380 ft*/s, Bay. Like Tampa Bay, freshwater inflow volum= is
respectively, for water years 1995 and 1996. The small compared to the tidal prism (table 1; fig. 9).

Hammett (1990) documented flow trends in the Peace,
the Myakka, and the Caloosahatchee Rivers and found
a statistically significant decreasing trend only in the
Peace River.

Caloosahatchee River contributes freshwater inflow at
an annual average rate of about 2,000 ft3/s (Goodwin,
1996), but probably affects only the flow patterns in
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Figure 9. Sum of daily mean inflow from gaged locations to Charlotte Harbor, Florida, 1995-96.
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Pine Island Sound

Pine Island Sound is the largest area in the
southern part of Charlotte Harbor. The sound gener-
ally is shallow, averaging 5.3 ft (table 1) in depth, with
large areas less than 2 ft deep. Productive seagrass
beds in these shallow areas increase friction and
inhibit flow. The sound also contains numerous smail
islands and shoals that influence flow patterns. The
northern part of the sound is about 4.5 mi wide, but
flow through the sound is restricted by several islands
and shoals (fig. 7). The deepest areas of the sound are
the Intracoastal Waterway, a dredged navigational

D

channel that runs east to west just north of Useppa
Island, and a natural channel that extends from
Captiva Pass to the northwest end of F'ne Island.
Three measurement sections (sections D-D', E-E', and
F-F') (fig. 7) were used to measure flow (fig. 10).

METHODS OF STUDY

Measurements of vertical veloc'ty profiles were
collected and used to calculate flow un-er various tidal
elevations, freshwater inflows, and wind conditions.

DI
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o 1,000 2,000

3,000

4,000 5,000 6,007
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Figure 10. Cross-section depths in Pine Island Sound, Florida. (Line of sections D-D', E-E/,

and F-F' shown in figure 7.)
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Flow measurements were made at the mouths of
Tampa Bay and Charlotte Harbor and at sites in Pine
Island Sound and Anna Maria Sound. This section
describes the methods used to measure (1) flows,

(2) tidal elevations and wind, and (3) freshwater
inflows.

Measurements of vertical velocity profiles were
made using a broad-band ADCP developed for use in
water as shallow as 6 ft deep. This meter is signifi-
cantly different from the narrow-band ADCPs, such as
those used by NOAA in Tampa Bay in 1990 and 1991,
which required water depths greater than 15 ft. The
ability to measure in shallow depths allowed flow
measurements to be made across the mouths of Tampa
Bay and Boca Grande Pass. Likewise, flow measure-
ments were made in the shallow areas of Anna Maria
Sound and Pine Island Sound, where depths typically
are less than 10 ft. The broad-band ADCP is effective
for measurements in large estuarine systems because it
can measure long distances quickly. The measurement
time ranged from about 20 minutes at Boca Grande
Pass to about 1 hour and 20 minutes at the mouth of
Tampa Bay, when traveling at a boat speed of about
3 to 5 knots. The flow measurements are considered
discrete because their duration is short when compared
to the tidal cycle.

Two broad-band ADCPs were deployed to mea-
sure flow, a 600 kHz and a 1,200 kHz, using profiling
software modes 4, 5, and 8 (Gordon, 1996). Typically,
the 600-kHz ADCP was used in deeper water and the
1,200-kHz ADCP was used in shallower water. How-
ever, both meters were able to measure all the chosen
measurement sections by changing the software profil-
ing modes. Details of the technical aspects and capa-
bilities of the broad-band ADCP are described by
Gordon (1996). The technique for using a broad-band
ADCP to measure flow is described by Simpson and
Otlmann (1993).

During flow measurements, tidal elevation and
wind direction and magnitude were recorded. Tidal
elevation was recorded using a temporary continuous-
record measurement station consisting of a pressure
transducer mounted inside a 2-in PVC pipe at loca-
tions on Egmont Key at the mouth of Tampa Bay
(fig. 1) and on the south end of Gasparilla Island at the
mouth of Charlotte Harbor (fig. 2). Tidal elevation
data are referenced to sea level. Wind magnitude and
direction were recorded on Passage Key (fig. 1) and
Gasparilla Island (fig. 2). Wind speed and direction
data were useful in examining the short-term effects of

wind on flow, such as rough water and wind-st=ar.
However, in practice, the presence of a strong wind
produced unfavorable measuring conditions such as
too much pitch and roll of the vessel and difficlty
navigating due to wind and waves. For these reasons,
flow measurements typically were not collectec during
strong winds. Therefore, the data sets were generally
collected under light wind conditions that probably
had little effect on the flow patterns.

River and tributary flow data from long-term
USGS data-collection sites were used to docurent
freshwater inflow to the estuaries during the study.
Reported freshwater inflows are lower than the actual
inflows to Tampa Bay or Charlotte Harbor because of
the ungaged areas of the basins. All USGS inflow
data-collection sites are operated by the rigoros
standards described by Rantz and others (1982).

TIDAL FLOW

Flow measurements at Tampa Bay and
Charlotte Harbor are presented in three format::
(1) plots of flow and tidal elevation, (2) plots of flow
patterns along a boat path, and (3) plots of velocities
measured in a cross section. Flow into the estuary or
sound is called flood flow and is assigned negative val-
ues; flow out of the estuary or sound is called ebb flow
and is assigned positive values. Slack flow is d=fined
as the time when water velocities approach zero due to
either maximum or minimum tidal elevation. The 232
flow measurements made during this study are sum-
marized in the appendix.

Tampa Bay

Forty-two measurements of flow were made at
the mouth of Tampa Bay and ranged from an ebb flow
of 1,260,000 ft¥/s to a flood flow of -954,000 f+s.
Measurements made near slack flow were as low as
11,500 ft3/s and -16,300 ft*/s. Slack flow at the mouth
of Tampa Bay lagged maximum and minimum tidal
elevation by between 2 and 3 hours (fig. 11). O1ly one
flow measurement was made on February 2, Aoril 12,
and December 12, 1995, so these data were no*
plotted.

Flow patterns at the mouth of Tampa Bay
strongly reflect the influence of the three main chan-
nels and two keys (fig. 3). This influence is shown in
a sequence of six flow measurements made in Novem-
ber 1996 (fig. 12). Horizontally and vertically averaged

Tidal Flow 13
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Figure 11. Flow and tidal elevation at the mouth of Tampa Bay, Florida—Continued.

flow vectors for the boat path are shown in figure 12
and the corresponding tidal elevation is shown in
figure 11E. Figure 12A shows a fairly uniform flood
tide. Figure 12B, when the flow velocity is beginning
to slow, shows bidirectional flow patterns in the
Egmont Channels and east of Passage Key. In figure
12C, the northern part of the cross section exhibits
flood-flow patterns, while the southern part exhibits
ebb-flow patterns, with particularly strong flows in
Passage Key Inlet. In figures 12D, 12E, and 12F, the
ebb flow becomes more organized, but the effects of
Passage Key, the Egmont and Southwest Channels are
still apparent. Note that the water is still flooding
about 2 hours after the water level begins to decline
(figs. 11E, 12A, and 12B).

Typical velocity distributions of ebb, flood, and
near slack flows are presented in three measurement

cross sections (fig. 13). The influence of Egmont
Channel, Southwest Channel, and Passage Key Inlet
can be seen in increased velocities for those se-tions.
Conversely, Egmont and Passage Keys inhibit flow
and even cause flow reversals. Velocity patterns near
slack flow indicate flood flow in Egmont Channel and
ebb flow in Passage Key Inlet (fig. 13C).

Freshwater inflows typically do not affect flow
patterns at the mouth of Tampa Bay; however, a large
freshwater inflow event in August 1995 created verti-
cally stratified flows. Stratified flow conditions result
if freshwater inflow travels on top of the heavier, more
saline water from the Gulf of Mexico. Vertically strati-
fied flow in cross-section velocity plots can be seen
only during flood flows. During ebb flows, vertical
velocity profiles are uniform and freshwater inflows

Tidai Fiow 15



199} 2| pue
‘9 ‘E S|BAIBIU| "IBJEM MO| IBMO| uBsaw Mojeq
J98j Ul ‘yideg --"dNOLNOD OIHIINAHIYE — 81—

puodas Jad 198} 21gn2 0000t
sjuasaidai 10)09A jo yibua —

--H40O103A 30N3Y343H

NOILLYNV1dX3

Vo8 = SPoC8
Puooas Jad 198} 91GND 000'86 - = O ‘SYO4-Zr60 D

£ELT

9t.LT

("¢ @anby
U] UMOYS -V LOI108S JO aui) "966 | ‘9 1oquIaAop ‘epiiold ‘Aeg edwe)] j0 yinow ay} je Y-y Uoioas jusweainsesw ay) buoje suieyed mo|{ -Z| a4nbig

198} g| pue

‘g ‘C S|EAIBIU| “1IB]EM MO| JI8MO| UBBW MO|a]

188} ul ‘Ydeq --HN

OLNOO OIH1IWAHIVYE —8[—

puooas iad 188} 21gn2 000'0 L

sjuasaidai 10}10aA jo yibue

--"d0103A 30N3H343H

NOILVYNV1dX3

uolosfoid [eaupullA9 uelsipinbg
286 pesisiojoud 000've: |
Aening [eo1Boj0BY) "g"N Wol} aseq

gl | — = 0"

- a@.:
- o)z
= A
= s
= v
S /\@

W/ Ao 9> ]

woyilby ]
= NP

£hol8 - Sot8
puooas Jad 198} 21gN2 000‘ELS- =D ‘L¥60-9€80 'V

£8aLT

9E.LT

Tidal Flow in Selected Areas of Tampa Bay and Charlotte Harbor, Florida, 1995-96

16



"penuiuod—('¢ ainby

Ul UMOYS Y-V UOI109S JO 8ulT) "9661 ‘9 JaqUIBAON ‘Bplol4 ‘Aeg edwe] jo yinow ay) J8 -y Uojoas Juswainsesw ay) Buofe suieped moj4  -z| a4nbi4

199} 2} pue
‘g ‘C S[BAJIBIU| "JOJEM MO| J8MO| UBBW MO[a]

199} Ul ‘yideg --HNOLNOD OIHLIWAHLYE — 8[—

puooas sad 188} 21N 0000t
sjuesaldal 10J08A Jo YibueT —
--H0103A 3ON3IH343H

NOILLVNV1dX3

£8LT

8l —_|

-

S
=
o

>
<

AASRNEYS

9t.LT

s Stocs
puo2es Jad 199} 21Gn2 000‘6LS = O ‘252k-8vil ‘d

199} 2} pue
‘9 ‘C S[BAIBIUY '18]EM MO| JOMO| UBBW MOJ8q

199} Ut ‘yideq --YNOLNOD OIHLIAWAHIYE — Q[ —

puooas Jad 198} 21Gnd 0000}
sjuasaldal 10}0aA Jo Yibua —
--HOL03A ION3IH343Y

NOIIVNV1dX3

£€LT

9oLl

£VoT8 | SPoC8
puooas Jad 199 21QNd 00E'SL =0 ‘8¥LL-9¥0L O

17

Tidal Flow



108} ¢| pue
‘g ‘g S[eAIalu| “lajem mO| 18MO| Uesall molaq

199} Ul ‘Uided --HNOLNOD DIHLIWAHIVE — 81—

puogss 1ad 198§ 21gNd 00001
suesaidal 10j00A Jo yibue]
-~HOL1O3A 3ON3IHI43Y

—_—

NOILVNV1dX3

8l

£VoC8
puooas Jad 199} 21qN2 000‘ L LG =D ‘I¥SH-9EY} o

£8LT

9¢.LT

‘panupuoy—('g ainby
Ul UMOYS -V UOIJ08S JO aul) ‘9661 ‘9 1oquiaAoN ‘Bpuol4 ‘Aeg edwe] Jo yinow 8y} je -y Lonoas Juswalinseaw ay) Buole suisjjed mo|4 -Z| ainbi4

199} ¢l pue
‘g ‘g S|eAIalU| '19]EM MO| J9MO| UBsW Moleq

1094 ul ‘yided --HNOLNOD OIHLIIWAHIYE — 81—
puooss Jad 199} 21qnNd 0000 L

sjuasaidal 10jooA Jo YibueT
--HOL103A ION3Y343H

NOILVNV1dX3

£PC8 SYoT8
puodas Jad 199} 2IGNd 000'2L9 = O ‘8ev+-9LEL 3

LE€oLT

BELT

Tidal Flow in Selected Areas of Tampa Bay and Charlotte Harbor, Florida, 1995-96

18









Channel carried 31 to 34 percent of total flow, and a
site in Passage Key Inlet carried 7 to 17 percent of
total flow at the mouth of Tampa Bay (Goodwin,
1987). Goodwin (1987) noted that "regions of high
transport are generally coincidental with deep, fast-
flowing areas of the bay and that low transport regions
are coincidental with shallow areas."

Flow data collected by NOAA in 1990 and 1991
were of the same order of magnitude and range as
those collected in this study (Zervas, 1993). However,
NOAA used a narrow-band ADCP that was not capa-
ble of measuring in shallow water (less than 15 ft).
NOAA measurements of flow in August 1991 indi-
cated a maximum ebb flow of about 1,270,000 ft3/s
and a flood flow of about -1,095,000 ft*/s. Measure-
ments made near slack flow were about 35,000 ft3/s
and -177,000 ft*/s. These measurements, and other
data, were used to calibrate a numerical model, which
showed that the majority of flow at the mouth of
Tampa Bay was in the Egmont Channel. The scale
of the model did not allow for detailed analysis of
channel flows.

Anna Maria Sound

Twenty-five flow measurements made in Anna
Maria Sound ranged from an ebb flow of 16,700 ft/s
to a flood flow of -13,300 ft>/s. Measurements made
near slack flow were 239 and -183 ft*/s. Flows mea-
sured at Anna Maria Sound are plotted with tidal ele-
vation (fig. 15). Additional measurements were made
at this site, but because of the difficult measuring con-
ditions (shallow depths and slow velocities), these
measurements had to be discarded. Slack flow lagged
minimum tidal elevation by about 3 hours for flows
measured in December 1995 (fig. 15C). Wind speeds
of about 8 to 10 mi/h from the northeast were recorded
during the flow measurements and probably affected
the flows. Slack flow was almost simultaneous with
maximum tidal elevations during the November 1996
measurements (fig. 15D).

Simultaneous measurements of flow were made
at the mouth of Tampa Bay and in Anna Maria Sound
in November 1996. Flow measured at the mouth of
Tampa Bag progressed from a flood flow of about -
573,000 ft/s to a maximum ebb flow of 716,000 ft3/s
(fig. 11). Both sites approached slack flow within an
hour of one another, indicating that they were gener-
ally in phase during this measurement period. The
wind was between 3 and 4 mi/h from the west during
these measurements and did not have a significant
effect on flows at the mouth of Anna Maria Sound.

Total daily freshwater inflow from the Manatee and
the Braden Rivers averaged about 4.5 ft3/s for the first
week in November, and was insignificant relat've to
the flows in Anna Maria Sound. Averaged flow vectors
along the boat path (B-B’) for the simultaneous mea-
surements during flood (figs. 16A, B, C) and ebb
(figs. 16D, E, F) flows at the mouth of Tampa Bay
present the flow patterns at Anna Maria Sound.
Bathymetry data available for this section did not
match the measured depths and so are not included on
the illustration. Although there was a strong flond flow
at the mouth of Tampa Bay, the first measurement at
the sound (fig. 16A) had an unorganized flow pattern,
which could be the result of the small (less than

1 hour) phase lag. Flow patterns for the next tv'o mea-
surements (figs. 16B, 16C) are in the flood direction,
but are less than 1 percent of the total flow at the
mouth of Tampa Bay. These data indicate that flows at
Anna Maria Sound were affected more by the small
change in tidal elevation during the measurements
than by the amount of flow coming through the mouth
of Tampa Bay. Ebb flows (figs. 16D, E, F) are in the
same direction as at the mouth of Tampa Bay, but are
less than 1 percent of the total flow. These measure-
ments were made during small changes in tidal eleva-
tion, and so the flows are small compared to the
maximum flows measured at this site. More simulta-
neous data are needed to further understand the flow
between these two systems.

Typically, the Intracoastal Waterway (fig. 3)
carries about 77 to 80 percent of the total flow in and
out of Anna Maria Sound. This conclusion is sup-
ported by studies that show that the majority of flow in
shallow estuaries occurs in the relatively deep naviga-
tional channels (Goodwin, 1987; Sheng and others,
1994; Zervas, 1993; Levesque and Hammett, 1997).

The USGS began a cooperative study w'th the
University of Florida in 1990 to examine flows in
Sarasota Bay, and in particular, flows through Anna
Maria Sound. As part of the study, the USGS mea-
sured flow in Anna Maria Sound north of the Ctate
Road 64 bridge in May 1992 (Sheng and others,
1994). Thirteen measurements of flow ranging from -
1,900 to 11,000 ft*/s were made using a broad-band
ADCEP. These flow data were used to calibrate a
numerical model that was scaled to examine the flows
in Anna Maria Sound (Sheng and Peene, 1993; Sheng
and others, 1994). Flow patterns produced by this
model indicated very low flows near the State Poad 64
bridge except in the Intracoastal Waterway which
carried the majority of the flow at section B-B' (fig. 3).
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Figure 15. Flow and tidal elevation in Anna Maria Sound, Florida.

Tidal Flow in Selected Areas of Tampa Bay and Charlotte Harbor, Florida, 1995-96

-10,
2400

20,000
15,000
10,000
5,000

0
-5,000
-10.000
-15.000
-20.000

2400

20,000
15,000
10,000
5,000

0
-5,(00
-10,000
-15.000
-20,000

2400

10,000
7,500
5,000

42,500

(=]

-2,£00
-5,C00
-7,£00
0,000

110,000

7,500
5,000

12,500

0
-2,500

{-5,000
1-7.500

-10,000

FLOW, IN CUBIC FEET PER SECOND



A. 0858-0913, Q = 300 cubic feet per second
82°4 82°41'25”

27°30'15”

o=

ri
27929730” Perico Istand

]

B. 0913-0928, Q =-733 cubic feet per second
2793015 82°42' 82°41'25”

A v

s
e e \””f/ s, !
/ Perico island

27°29°30” N

-«
<
N

C. 0928-0943, Q = -276 cubic feet per second
82°42' 82°41725”

27°30'15”

o

27°29°30" Perico Istand

L

EXPLANATION
REFERENCE VECTOR-- Length of vector represents

< 100 cubic feet per second

Figure 16. Flow patterns along the measurement section B-B' in Anna Maria
Sound during simultaneous measurements at the mouth of Tampa Bay, Florida,
November 6, 1996.(Flow at mouth = -573,000 cubic feet per second (0836-

0941), shown in figures 11E and 12A.) (Line of section B-B' shown in figure 3.)

Tidal F'ow

23



24

27°30°'15”

27°29'30"

27°30'15”

27°29'30”

27°30"15”

27°29'30”

Figure 16. Flow patterns along the measurement section B-B' in Anna Maria
Sound during simultaneous measurements at the mouth of Tampa Bay, Florida,
November 6, 1996.(Flow at mouth = -573,000 cubic feet per second (0836-0941),
shown in figures 11E and 12A.) (Line of section B-B' shown in figure 3.)—Continued.

D. 1150- 1205 Q = 1,970 cubic feet per second

82°41'25"
o
Anna Maria siand ?\l \ A)/\/ et A
| l Perico Isiand

82°42

E. 1206-1220, Q =2,070 cubic feet per second

82°4125”

T ad

Perico island

F. 1223-1238,
82°42'

Q = 1,530 cubic feet per second

82°41725”

|Anna Maria laiand

\?\ r//;/}//fzﬁﬂ//, <& j?

Perico Island

—

EXPLANATION

100 cubic feet per second

REFERENCE VECTOR-- Length of vector represents

Tidal Flow in Selected Areas of Tampa Bay and Charlotte Harbor, Florida, 1995-96




Charlotte Harbor

One hundred and twenty-six measurements of
flow were made at the mouth of Charlotte Harbor
(Boca Grande Pass) and ranged from 428,000 to -
398,000 ft*/s. Measurements made near slack flow
ranged from 18,200 to -8,680 ft>/s. Flow and tidal
elevation data (fig. 17) indicate that flow approaches
zero (slack flow) about an hour after occurrence of a
maximum or a minimum tidal elevation (fig. 17).

Flow patterns at Boca Grande Pass generally
indicate unidirectional distribution except near slack
flow. Averaged flow vectors demonstrate a well-
organized east, northeast flow pattern of a flood tide on
July 9, 1996 (figs. 18A, B). Flood flows were affected
by a circulation eddy created by a deep channel along
the southeast end of Gasparilla Island. Flow patterns
in figure 18C indicate flood flow in the deep channel
but reversed flow (ebb) near the channel edges. The
data in figure 18D indicate mostly ebb-flow patterns
with some flood-flow vectors in the middle section.
The data in figures 18E and 18F indicate the well-
developed, ebb-flow patterns typical of Boca Grande
Pass. Flow patterns indicated that the greatest veloci-
ties are in the main channel for both ebb and flood
flows.

Typical velocity distributions are shown for ebb,
flood, and near slack flow in figure 19. A measurement
made near slack flow demonstrates bidirectional flow
with flood flow in the main channel and ebb flow near
the channel edges (fig. 19C).

Flow typically was distributed evenly through-
out Boca Grande Pass because of the uniform cross-
sectional depth, the lack of separate deep channels,
and the narrow width of the pass (fig. 8). The cross
section is deepest near the north end; as a result, the
northern one-third of the cross-section width carries
more than 50 percent of the total flow.

Twenty-two measurements of flow, ranging
from 464,000 to -300,000 ft*/s, were made by the
USGS on July 17-18, 1986 (Goodwin, 1996). These
flow measurements were made with point-velocity
meters and moving-boat techniques using velocity
measurements near the water surface for computation
of flow. These data were used to calibrate a numerical
model (Goodwin, 1996) and indicated the same evenly
distributed flow patterns as were shown in the ADCP
flow measurements.

Pine Island Sound

Measurements of flow within Pine Island Sound
was difficult because of the shallow depths and a large
surface area. Reconnaissance measurements weare
made on the north side of Pine Island Sound from Jug
Creek Shoals to the northern tip of Cayo Costa Island
(fig. 7). Data from these measurements delineate the
general flow patterns in the area, but flow directly into
and out of the sound could not be determined. To
better define the flow into and out of the sound.
measurements were made at sections D-D’, E-E’, and
F-F' (fig. 7). During ebb flows at Boca Grande Pass,
flows at section D-D' were northerly, at section E-E'
westerly, and, surprisingly, at section F-F' southerly
(fig. 20A). Flows at each section were reversed during
flood flows at Boca Grande Pass (fig. 20B). Flow
patterns shown in figure 20 are not significantly
affected by wind or freshwater inflow.

Flow in Pine Island Sound is inhibited by the
shallow depths and numerous shoals and islands. In
this system, as in most estuarine systems in Florida,
the flow moves primarily through the deep naviga-
tional or natural channels. The Intracoastal Waterway
dominates the flow in section D-D' (fig. 7), typically
carrying 38 to 64 percent of the total flow. The flow
through section D-D' was generally in the same phase
(flood or ebb) as Boca Grande Pass (section C-C') and
carried about 3 to 4 percent of the total flow at the
pass. The main channel at section D-D' generally
carried a smaller percentage of the total flow during
flood flows than ebb flows. Goodwin (1996) used
Lagrangian particle-track simulations to determine
flow patterns in this area, and reported a northerly
residual flow at section D-D'. Section E-E' averaged
about 6 ft in depth and had a navigational channel
about 10 ft deep near the E' edge of the section
(fig. 10). About 25 to 30 percent of total flow in sec-
tion E-E' was in the navigational channel and about
20 percent was within 500 ft of Useppa Island. Flow
direction in section E-E' usually was to the eas® when
flows at section D-D’ were southerly and to the west
when flows at section D-D' were northerly. Flows at
section E-E' were less than 1 percent of the total flow
at Boca Grande Pass. Section F-F' bisects a natural
channel that runs from Captiva Pass north toward Jug
Creek Shoals (fig. 7). This natural channel, about 10 ft
deep, occupies about 45 to 50 percent of the ctannel
width and carries about 77 to 82 percent of the total
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Figure 17. Flow and tidal elevation at the mouth of Charlotte Harbor, Florida.
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A. August 13, 1996
82°1%’ 82°12'15”

26°40730”

26°39'45”

F-F'

20"
% Par*
Isiard
EXPLANATION

REFERENCE VECTOR-- Length of vector represents
100 cubic feet per second

—6 — BATHYMETRIC CONTOUR-- Depth in feet, below mean
lower low water

( .
F'F Measurement section

/

MEASUREMENT SUMMARY - August 13,1996

D-D', a = 13,900 cubic feet per second (1547 - 1556)
E-E'. Q = 7,360 cubic feet per second (1529 - 1537)
F-F', Q = 5,740 cubic feet per second (1510 - 1520)
(gg%%e Q = 350,000 gubic feet per second (.1 443 - 1453)
Pass (Location of Pass shown in Figure 7)

Figure 20. Flow patterns along measurement sections D-D', E-E', and F-F' in Pine Island Sound
during simultaneous measurements at the mouth of Charlotte Harbor, Florida. (A) August 13, 1976 and
(B) August 14, 1996. (Line of sections D-D', E-E', and F-F' shown in figure 7.)
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B. August 14, 1996
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EXPLANATION
-— REFERENCE VECTOR-- Length of vector represents
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D-D' Measurement section

MEASUREMENT SUMMARY - August 14,1996
D-D'. Q 10,600 cubic feet per second (0959 - 1007)

E-E'., Q = 3,260 cubic feet per second (1018 - 1028)

F-F'. Q = 17,000 cubic feet per second (1037 - 1051)

G%g%%e Q =-339,000 cubic feet per second (1443 - 1453)
Pass (Location of Pass shown in Figure 7)

Figure 20. Flow patterns along measurement sections D-D', E-E', and F-F' in Pine Island Sound
during simultaneous measurements at the mouth of Charlotte Harbor, Florida. (A) August 13, 1996
and (B) August 14, 1996. (Line of sections D-D', E-E', and F-F' shown in figure 7.)—Continued.
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flow in section F-F'. The direction of flow was usually
to the north during flood flows and to the south during
ebb flows at Boca Grande Pass. Flow at section F-F'
was about 4 to 5 percent of the total flow at Boca
Grande Pass.

Although measurements of flow were not made
at Captiva Pass, flows in the northeastern part of Pine
Island Sound (near section F-F') were most likely
affected by flows through Captiva Pass. Goodwin
(1996) included the shoals and islands that affect the
flow in upper Pine Island Sound in a numerical model
and accurately predicted that flood flows at Boca
Grande Pass would create southerly flows in the vicin-
ity of section D-D’, easterly flows at section E-E', and
northerly flows at section F-F'. The opposite directions
were accurately predicted for ebb flows at Boca
Grande Pass.

SUMMARY

Field measurements of flow are necessary to
understand flow patterns in the Tampa Bay and the
Charlotte Harbor estuarine systems and their sounds.
Previously, flow patterns were studied using numerical
models calibrated using limited data sets. Measure-
ments of vertical velocity were made with a broad-
band acoustic Doppler current profiler under various
tidal, wind, and freshwater flow conditions to under-
stand the physical processes that control flow at the
mouths of these large estuaries and sounds. These
measurements support published results, which state
that the driving forces of estuarine flow in Tampa Bay
and Charlotte Harbor are tides and physical features,
such as channels and shoals.

Both systems are typically well mixed and have
relatively small freshwater inflows. Therefore, salinity
stratifications seldom influence the flow patterns at the
mouths of Tampa Bay and Charlotte Harbor. However,
a measurement on August 16, 1995, at the mouth of
Tampa Bay indicated a significant velocity stratifica-
tion which could be associated with the large amount
of freshwater inflow during that month. Flow mea-
surements often exhibited bidirectional flow during
changes in flow direction.

Flow at the mouth of Tampa Bay ranged from
1,260,000 to -954,000 ft3/s, with most of the flow con-
centrated in three main channels: Egmont Channel,
Southwest Channel, and Passage Key Inlet. Flows in
Anna Maria Sound ranged from 16,700 to -13,300 ft/s,
with flows concentrated in the Intracoastal Waterway.

Simultaneous measurements made in Movember 1996
indicated the flow at Anna Maria Sound to be less than
1 percent of the total flow at the mouth of Tampa Bay.
Comparison of measurements to nume-ical model
results shows that the models simulated the flow
patterns and strengths of flow that were measured in
this study.

Flow measured at Boca Grande Pass, the mouth
of Charlotte Harbor, ranged from 428,000 to
-398,000 ft*/s and was distributed evenly because of
the short width of the channel and the uniform cross-
section depths. Many of the measurem=nts indicated
an ebb flow near Gasparilla Island, the result of a
circulation eddy caused by a deep charunel on the
southeast side of the island. Measurem=nts made by
the USGS in 1986 were of the same magnitude as
those measured in this study, and showed the uniform
flow patterns seen in most of the measurements.

Flow through Pine Island Sound is restricted by
the shallow waters and numerous shoals and islands.
Flow data indicate that the Intracoastal Waterway
carries the majority of flow into and out of the upper
west side of Pine Island Sound, an aree that is influ-
enced most by Boca Grande Pass. Measurements
made east of Useppa Island suggest that a natural
channel carries the majority of flow to the upper east
side of Pine Island Sound and flow is influenced more
strongly by Captiva Pass than by Boca Grande Pass.
Flows previously simulated by a nume-ical model
showed similar flow patterns in channe's and around
the shoals and islands in the northern end of Pine
Island Sound.
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Appendix. Flow data in Tampa Bay and Charlotte Harbor, Florida, 1995-96
[ft3/s; cubic feet per second]

. TampaBayst  AnnaMaria  Haborat
. %) . Pass

Tan. 17, 1995 14531513 — ' -141,000
1526-1547 234,800
1553-1617 27,800
1618-1638 85,400
Jan. 18, 1995 1044-1108 -295,000
i 1110-1148 : i 39.800
1149-1255 I i 42500
T 15251543 - i
| Feb21%5 ;e
Cammws ompns
T 1410-1506
Apr. 19, 1995 0821-0917 4,790
0958-1013 276,000
1020-1033 -167,000
1039-1053 206,000
TSELI0E ST SR s e e Deede
11081121 263,000
1123”1133 i R '28?’000
 lsense S B R e
1146-1157 s S 326000
1157-1208 ' * -322,000
1209-1222 -357,000
1222-1236 -346,000
1236-1249 -346,000
1253-1349 -25,800

16,700 it

| -185,000
165000
136000
1548-1558 ' S ' 64,700
1559-1609 435,500
1609-1619 8,680
1619-1630 40,200
1631-1641 96,400
June. 14,1995° 0 0 1153-1318 ~492,000
S 1322445 70000
© June. 15,1995 07440908 -132000
S L 759,000
1025-1147 936000
1148-1309  -780,000
1309-1418 460,000
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Appendix. Flow data in Tampa Bay and Charlotte Harbor, Florida, 1995-96 (Continued)
[£t3/s; cubic feet per second]

‘ , s aciooin ] Gharlolte Pinelsland
gl fime  TampaBay at Anna Marla Harbor at ‘Sound :
. Date 1 . : ‘Mouth Sound Boca Grande ; . g
; U o ) Pass | (OD,EE,orF-F)
(#¥s) )
1419-1523 140,000
Aug. 16, 1995 1203-1311 -273,000
1318-1422 -495,000
- Aug. 17, 1995  0531-0643 11,500
: 06440759 625000
08000914 845000
09151021 . 94000
1023-1135 822,000
1139-1228 o -13,300
1223-1332 12,700
Aug. 23, 1995 0750-0806 -257,000
0811-0825 -282.000
0826-0843 -290,000
08430857 296,000
1148-1202 -13.200
1206-1220 32,500
1221-1236 124,000
1237-1253 176,000
1255-1309 236,000
1316-1332 300,000
1332-1346 337,000
1347-1403 362000
1404-1418 402,000
1418-1433 416,000
1434-1450 428,000
Dec. 7, 1995 0716-0733 329,000
0739-0758 286,000
0808-0826 190,000
0827-0848 133,000
0849-0906 42,400
0907-0926 23,800
0926-0946 -132,000
0947-1005 -206,000
1319-1343 2290,000
1344-1402 250,000
1403-1423 -217,000
1425-1446 -192,000
1446-1506 -138,000
1507-1525 -91,700
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Appendix. Flow data in Tampa Bay and Charlotte Harbor, Florida, 1995-96 (Continued)
[£t/s; cubic feet per second]

= - Charlolte

L m 4 Tampa Bayat :Aﬁnamaﬁ@i ~ Harborat Pi';i:z;"d
bete . . @sp Mouth ~~ Sound  BocaGrande ;\p g orkF)
i ' s (s) Pass [ Rand Gichngl aadi |
i Do ey T
1528-1545 48,400
Dec. 12, 1995 0926-1032 521,000
1127-1145 492
1147-1205 -1.410
12421300 , : 3,070
1301-1318 : L4260
13201337 3,680
13401358 : 4,680
13581415 1 3970
1419-1439 o ‘ 5,850
Feb. 20, 1996 1214-1324 -680,000
1408-1522 -85.000
1549-1657 651,000
Feb. 21, 1996 0908-1023 -16.300
10240133 675000
Apr3,199  14309.1457 i 191,000
- 1506-1519 284,000
1520-1542 , L 320,000
1548-1605 : 360,000
1605-1626 ' ‘ 377,000
1643-1816 14400
Apr. 4, 1996 0957-1132 16,100
1136-1155 -398,000
1214-1229 -324,000
1230-1248 ' : -270,000
1249-1306 231,000
1307-1324 -171,000
1325-1340 Bl 126,000
1341:1356 74,300
1357-1412 32,200
1414-1429 47,000
14291445 104,000
1446-1500 185,000
1501-1519 243,000
1522-1638 o ‘) 40400
1704-1720 , a0 o
120-1738 418,000
17391754 421,000
July. 1, 1996 1205-1314 -195,000
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Appendix. Flow data in Tampa Bay and Charlotte Harbor, Florida, 1995-96 (Continued)

[ft3/s; cubic feet per second]

Charlofte

el h TampaBayat  Anna Maria Harbor at """sz:f;‘:‘
Date (EST) P i Bocabrande  (0.D,EE,orFF"
e (tt%/s) (t/s)
1316-1417 326,000
1427-1536 1,260,000
July. 2, 1996 0929-1040 -954,000
1137-1243 -816,000
1247-1349 -431,000
o 1349-1500 408,000
July.9,1996 1409-1424 317,000
: i1 1426-1441 303,000
1442-1459 287,000
1501-1516 255,000
1516-1531 238,000
1538-1654 -5,640
Tuly. 10, 1996 0745-0800 242,000
0801-0817 -218.000
0818-0832 -195.000
0855-0909 114,000
0910-0926 -81,400
0928-0944 24,800
0945-1000 18,200
1005-1020 120,000
1021-1039 169,000
1103-1126 -1,190
1135-1204 -4,710
1231-1250 381,000
1250-1307 398,000
13121327 404,000
Aug. 13, 1996 1212-1226 -164,000
1230-1246 -107,000
1244-1313 15,000
1252-1305 -37,600
1308-1323 41.900
1324-1340 90.400
1328-1403 13,100
1343-1357 186,000
1357-1414 224,000
1414-1421 3,000
1419-1434 315,000
1424-1508 25
1434-1453 350,000
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Appendix. Flow data in Tampa Bay and Charlotte Harbor, Florida, 1995-96 (Continued)
[ft3/s; cubic feet per second]

o mme TSy Ameden Mo Pobed
P @ We e Phoend @D,EE,orFF)
e (P ) Pass iy ~
EEE e R i ) iaud o
weme T TmEn
1529-1537 ' ‘ k 7,360 (E-E)
1547-1556 13,990 (D-D)
1557-1604 13,270 (D-D)
1618-1625 4380 (E-E)
1633-1645 17,600 (E-F)
Aug 141996 0840-1018 SRR Ll T T 2400
G R TT opspiens i Do e n R R T e i
oor092t  4I0ER
oopgomT o LI e OEE)
et LR L S W
0959-1007 : ' ‘ 10,670 (D-D")
1018-1028 3,260 (E-E)
1033-1052 -339,000
1037-1051 17,000 (E-F)
1052-1105 -331,000
- 1061125 i i S 323000 LR
SE TR T T TR TR L BAOEF)
wsme = 290000 o
wewss L 2ER)
ITVETL A a0 B
1158-1213 ‘ O 25100
1159-1209 8.190 (D-D')
1222-1240 -176,000
1247-1304 -119,000
1247-1304 -120,000
13081324 . FEagE 40,700
o124 - -37,800
13401356 il 52,700
13411356 a8 63,600
1359-1413 R , 146,000
1400-1418 138,000
1420-1432 221,000
1521-1700 11,900
Nov. 5, 1996 1156-1259 465,000
1300-1417 490,000
1417-1525. = . 312,000
1501-1519 684
1523-1543 373
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Appendix. Flow data in Tampa Bay and Charlotte Harbor, Fiorida, 1995-96 (Continued)

[ft3/s; cubic feet per second]

Time
(EST)

Tampa Bay at

Mouth
(tts)

Anna Maria
Sound
(ftss)

Charlotte
~Harbor at
Boca Grande
Pass

“Pine Island
 Sound
(DD, E-E', or F-F))
(i)

‘ Nov. 6, 1996

T 15261635
: 0836-0941@ ’

0858-0913
0913-0928
0928-0943
0942-1045
0944-1002
1003-1020

- 1021-1035
11036-1052
1046-1148

Nov, 25, 1996

1054-1107

1127-1144
1148-1252
1150-1205
1206-1220
1223-1238
1315-1421
1316-1428
1433-1537

1436-1541
1220-1236
1237-1251
1251-1303
1303-1315
1315-1327
1403-1411
1422-1428
1436-1448
1449-1501
1507-1514
1521-1529
1548-1600
1600-1613

118,000
573,000

-198,000

72,300

519,000

716,000
672,000
558,000

511,000

300
-773
-276

-183
239
1,170
1,570

1,340
1,910

1,970
2,070
1,530

#s)

-325,000
-313,000
-301,000
-277,000
-269,000

34,200
42,000

19,700 (D-D")

8,660 (E-E")
25,000 (F-F)
23,600 (F-F)
10,341 (E-E")
18,400 (D-D")
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