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1.0 INTRODUCTION

Applied Technology and Management, Inc. (ATM) and Erickson Consulting Engineers, Inc.
(ECE) conducted a hydrodynamic model study to support the Midnight Pass Reopening
Project. The model study will serve two main purposes: (1) provide a tool to aid the
engineering design by evaluation of design alternatives and optimization of the inlet
dimensions; and (2) provide a framework for evaluation of potential project induced
environmental changes (e.g., salinity, temperature, estuary water residence time, etc.) and
identify alternatives with the least adverse impacts and greatest potential benefits. This
report describes the model setup and calibration. This report also provides a summary of

the model predictions for post-project currents, flows and flushing.

1.1 BACKGROUND

Sarasota County has evaluated the feasibility of reopening Midnight Pass in order to

improve water quality in the estuary behind Siesta Key and Casey Key and to reduce
shoreline erosion and losses associated with the loss of the ebb tide shoal system. Recent
studies conducted by the county to evaluate the feasibility of the inlet reopening include
“Assessment of Feasibility to Restore Midnight Pass, Midnight Pass Restoration Project”
(ECE, 2003) and “Feasibility Study to Reopen Midnight Pass” (Camp, Dresser and McKee,
2000). ECE concluded that it is feasible to design a stable inlet under normal wave and tidal
conditions and that the reopening project must include, among other recommendations, an
inlet management plan that seeks to define the performance expectations and maintenance

plan for the pass.

The proposed project is a reopening of Midnight Pass at the approximate location of the inlet
position in 1955 (a period when the inlet was relatively stable). In the design development
phase of the Project, several alternative geometric configurations were evaluated, including
a two channels and a single channel connection to the Gulf Intracoastal Waterway (GIWW).

A conceptual layout of the single channel alternative is shown in Figure 1-1.
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1.2 STUDY GOALS

The goals of the model study are as follows:

o Support the inlet design process - Develop a model to predict the hydraulics at the
reopened inlet. Use the model to simulate various inlet alignments and channel
depths in order to determine inlet current velocities and tidal prism (this information
to be used to optimize the inlet design and ensure the design of a relatively stable

inlet).

o Support evaluation of the Project related environmental impacts — Simulate flushing
of the post-project estuary system (the exchange of water between the bay system
and the gulf will increase dissolved oxygen concentrations and decrease nutrient
concentrations in the estuary, thereby improving water quality). Quantify changes to
the adjacent inlets (e.g., tidal prism and current velocity). Provide a modeling tool
capable of supporting a water quality model, in case a water quality model is

required in the future.

1.3 STUDY METHODOLOGY
The study utilized the Environmental Fluid Dynamics Code (EFDC) model. EFDC is a state-

of-the-art (2-D, 3-D) finite-difference hydrodynamic model approved for use in marine

environments by the Environmental Protection Agency (EPA). EFDC is a public domain
model written by John Hamrick at the Virginia Institute of Marine Science which has recently
been distributed by EPA Region IV as part of its Modeling Toolbox for use in hydrodynamic
and water quality evaluations. The model was used to simulate the hydrodynamics (i.e.,

water surface elevations, currents and flows), and salinity throughout the study area.

Several tasks were completed for the hydrodynamic modeling. The compilation and
analysis of measured and predicted tide data provided the boundary forcing and calibration
comparison data sets for the model development. The model was then applied and
calibrated to accurately represent the observed hydrodynamics and salinity in the study
area. The extent of the model domain covers Venice Inlet to the South and includes
Blackburn Bay, Roberts Bay, Little Sarasota Bay, and Big Sarasota Bay up to Palma Sola

Bay. The model calibration compared water surface elevation, currents and flows for the
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first data collection period (March 5 — March 25, 2004). Model verification compared the
simulated water surface elevation, currents and flows to measured data for the second data
collection period (March 25 — April 22, 2004). Following the model calibration and
verification, a third data set became available that was used for model confirmation. The
model confirmation included comparisons for the third data collection period that extended
from May 1 to May 15, 2004.

The model simulated the period from October 2001 through February 2003 for salinity
calibration comparisons. This covers the period when concurrent salinity monitoring data
(Sarasota County Water Quality (SCWQ) monitoring stations) and rainfall data (collected by
the SFWMD) were available for the model calibration. The long simulation period was
selected in order to evaluate the ability of the model to simulate seasonal salinity

fluctuations in the bay system.

Following the model calibration, verification, and confirmation the model was then applied to
simulate various project alternatives. The simulation results were evaluated for Midnight
Pass current velocities and tidal prism. The changes in inlet current velocity and tidal prism
at the adjacent inlets (Venice Inlet, Big Pass, and New Pass) were evaluated to quantify the
changes due to the opening of Midnight Pass. The model was used to simulate the mass
transport of a conservative tracer, which was used to calculate the rate of exchange of water

with the gulf (i.e., the flushing rate).

1.4 REPORT OUTLINE

This report presents a description of the hydrodynamic model and provides a detailed

account of the study in the following sections:

Section 2.0, Site Characterization;

Section 3.0, Field Data Collection and Data Analysis;

Section 4.0, Model Description — hydrodynamic model approach and formulation;

Section 5.0, Hydrodynamic Model Input - data input for model geometry and boundary
conditions;

Section 6.0, Hydrodynamic Model Calibration - description and results of the
comparison of the calibrated model results versus the measured values from the
March 5 — March 25 data set;

CHS/2004/04845/Midnight Pass Modeling Report/06/2/04 1-3



Section 7.0, Hydrodynamic Model Verification - description and results of the
comparison of the calibrated model results versus the measured values from the
March 25 - April 22, 2004 data set;

Section 8.0, Hydrodynamic Model Confirmation - description and results of the
comparison of the calibrated model results versus the measured values from the
May 1 — May 15, 2004 data set;

Section 9.0, Alternative Simulations — application of the model to predict hydrodynamics
and flushing for the project design alternatives; and

Section 10.0, Summary and Conclusions — summary of the study results.
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Figure 1-1

Midnight Pass Project Area and Preferred Alternative Layout
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2.0 SITE CHARACTERIZATION

21 LOCATION

The Midnight Pass Project site is located in Sarasota County on the west coast of Florida
approximately 45 km (28 miles) south of Tampa Bay. Midnight Pass historically was located
between Big Sarasota Pass and Venice Inlet, and it separated Siesta Key on the north from

Casey Key to the south (Figure 1-1). For reference, the Project area is shown in Figure 1-1.

2.2 INLET HISTORY

Midnight Pass was closed in 1983 as a result of mechanical infilling to protect two private
residences. As part of the same project, the inlet was to be relocated to the south; however,
attempts at reopening the inlet failed, and the inlet has since remained closed. Prior to the
1983 closure, the inlet experienced periods of migration (both northward and southward) as
well as periods of relative stability (most recently between the 1950s and 1969). Section

1.1.2 of the CDM report (2000) gives a detailed account of the inlet history.

It is generally believed that the construction of the Intracoastal Waterway (ICW) during the
early 1960s caused Midnight Pass to become unstable (Davis et al., 1987; Antonini et al.,
1999). The ICW construction caused some reduction in Midnight Pass tidal prism and inlet
current velocities by allowing more flow to pass from Little Sarasota Bay towards Big
Sarasota Pass and Venice Inlet. The placement of dredge spoil material in the vicinity of

Midnight Pass may also have affected the inlet hydraulics.

2.3 BAY SYSTEM

The inlets are connected to an extensive bay system behind the barrier islands that includes
Sarasota Bay, Little Sarasota Bay and several smaller bays (Figure 2-1). Sarasota Bay is
approximately 26 km (16 miles) long and 6.1 km (3.8 miles) wide at the widest point, and it
has a surface area of approximately 91 square km (35 square miles). Little Sarasota Bay is
approximately 9.7 km (6 miles) long and 1.6 km (1 mile) wide, and it has a surface area of
approximately 8.8 square km (3.4 square miles). These shallow bays (average depths of
1.2 m) are interconnected by narrow constrictions at Point Crisp (at the north end of Little
Sarasota Bay) and Blackburn Point (at the south end of Little Sarasota Bay). Dredging of
the ICW along the bay system in 1963-64 caused an increase in flow through these

constricted areas.
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At present, a nodal area exists in Little Sarasota Bay near the former Midnight Pass
location. A nodal area occurs where the tides flowing in from the two adjacent inlets (i.e.,
Big Pass and Venice Inlet) meet and as a result, there are near zero net currents velocities
(not including the effects of wind induced circulation). Because of the low net currents, this
area is poorly flushed, and exchange of water with the Gulf waters is very slow. This allows

a buildup of pollutants in the bay and a decrease in overall water quality.

24 TIDES

The tides are mixed diurnal (once per day)/semi-diurnal (twice per day) with a mean spring

tide range of 0.9 m. The tidal datums at Longboat Key are summarized in Table 2-1. An
example plot of the predicted tides based on harmonics is shown in Figure 2-2.

25 WIND

A summary of the wind data obtained from the National Climatic Data Center (NCDC) for
Tampa, Florida is given in Table 2-2. The predominant wind direction is offshore (i.e., to the
west). Seasonal variations include lower wind speeds during the summer months (with
minimum averages during July and August) and higher wind speeds during the winter (with

maximum the average wind speed in March).

2.6 RAINFALL, WATERSHEDS AND TRIBUTARIES

Rainfall in Sarasota County typically includes four months of heavy rain during the summer

and 8 months of drier conditions, with an average of 1.4 m (54 inches) per year (Sarasota
County Water Atlas, 2004). However, annual rainfall is highly variable: the summers may be
drier and the winters may be wetter during El Nino years, and common events include

droughts, hurricanes and floods.

Sarasota Bay has a watershed of 417 square km (161 square miles), of which 65% is
uplands and 35% is wetlands. The watershed area and the tributaries are shown in Figure
2-3. Little Sarasota Bay has a watershed of 114 square km (44 square miles), of which 74%
is uplands and 26% is wetlands. The watershed area and the tributaries are shown in
Figure 2-4. The Dona and Roberts Bay watershed is 253 square km (98 square miles), of
which 79% is uplands and 21% is wetlands. The watershed area and the tributaries are

shown in Figure 2-5.
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Table 2-1 Elevations of tidal datums at Longboat Key, FL
Elevation | Elevation

MLLW MLLW
Datum (ft) (m)
Highest Observed Water Level (06/25/1974) 4.38 1.335
Mean Higher High Water (MHHW) 2.07 0.63
Mean High Water (MHW) 1.69 0.516
North American Vertical Datum-1988 (NAVD) 1.50 0.456
Mean Sea Level (MSL) 1.06 0.323
Mean Tide Level (MTL) 1.06 0.322
Mean Low Water (MLW) 0.42 0.128
Mean Lower Low Water (MLLW) 0 0
Lowest Observed Water Level (04/05/1977) -1.74 -0.53

Table 2-2 Summary wind data for Tampa, FL, 1930-1996

JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC | ANN
DIR | ENE | ENE | ENE | ENE | E E E E E E W W E
SPD | 9 9 10 9 9 8 7 7 8 8 8 8 8
PGU | 44 46 58 49 51 61 | 60 | 48 45 53 60 37 61

Note: prevailing wind directions (DIR) are given in compass points; mean wind speeds (SPD) and peak gust
(PGU) are in miles per hour (mph).
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Figure 2-3
Sarasota Bay watershed
(Source: Sarasota County Water Atlas)
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Figure 2-4
Little Sarasota Bay watershed
(Source: Sarasota County Water Atlas)
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Figure 2-5
Dona and Roberts Bay watershed (in red)
(Source: Sarasota County Water Atlas)
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3.0 FIELD DATA COLLECTION AND DATA ANALYSIS

This section reviews the field data collected for this study. Two types of hydrodynamic data
were collected: continuous monitoring of water surface elevation and continuous monitoring
of current velocities. Data collection was initiated on March 5™, 2004 and is ongoing at the

time of this report.

31 WATER SURFACE ELEVATION
Three YSI 6000 gages were deployed by ATM on March 21, 2003 and recovered on April

22, 2004 to record continuous water surface elevations (Stations ECE-01, ECE-02, and
ECE-05 in Figure 3-1). However, problems with these instruments resulted in no useable
data. As a result, three Aquatape gages were deployed on May 1, 2004. The data
downloaded through May 15 are presented in Figure 3-2. At the time of this report, the

gages are still in operation and are scheduled to be recovered in June.

Harmonic analysis of the data is summarized in Table 3-1. It should be noted that the 14
day period is a short period for harmonic analysis, and there is uncertainty in the analysis.
The amplitude error and phase error in Table 3-1 give the uncertainty of the estimates within
95% confidence limits. The S2 solar semidiurnal constituent (12-hr period) could not be

resolved within the 95% confidence limits and is not included in the table.

The phase difference between the inlets is summarized in Table 3-2. There is a small
phase shift in the tides between the inlets. However, the phase difference is close to the
level of uncertainty in the harmonic analysis. In addition, the phases of the signals are

affected by the position of the gages at the inlets.

On March 5, 2004 ECE deployed three Sontek-SL side-looking ADCP gages at locations in
the interior bays (Stations ECE-03, ECE-04 and ECE-06 in Figure 3-1). These gages
recorded current velocity and water surface elevation. The measured water levels for these
stations are shown in Figure 3-3, and the harmonics at these stations are presented in Table
3-3. The data show damping of the O1 and K1 diurnal tidal constituents as the tide

progresses from the inlet station sites (Table 3-1) to the interior station sites (Table 3-3).
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Table 3-1 Harmonics of measured tides at Big Pass, New Pass and Venice Inlet based on 14 day
record from May 1 to May 15, 2004

Frequency | Ampitude | Ampitude Phase Phase Error
Location Constituent (hr'1) (m) Error (m) (deg) (deg)
New Pass o) 0.0387307 0.1621 0.015 314.18 5.24
(ECE-01) K1 0.0417807 0.1651 0.014 318.4 4.91
M2 0.0805114 0.1452 0.05 22.7 23.35
Big Sarasota Pass 01 0.0387307 0.1529 0.022 318.49 7.68
(ECE-02) K1 0.0417807 0.1613 0.023 322.9 8.07
M2 0.0805114 0.1327 0.042 33.15 19.87
Venice Inlet 0] 0.0387307 0.1602 0.019 309.44 6.26
(ECE-05) K1 0.0417807 0.1532 0.017 308.46 7.07
M2 0.0805114 0.1562 0.046 7.15 17.32
Table 3-2 Phase differences based on harmonics of measured
tides at Big Pass, New Pass and Venice Inlet
Phase Phase
difference difference
Locations Constituent (deg) (min)
01 -4.74 -20.4
New Pass to K1 -9.94 -39.7
Venice Inlet M2 -15.55 -32.2
Average -30.7
01 -9.05 -38.9
Big Pass to Venice | K1 -14.44 -57.6
Inlet M2 -26 -53.8
Average -50.1

Table 3-3 Harmonics of measured tides at ECE-03, ECE-04 and ECE-06 based on 19 day record
starting from May 6, 2004

Frequency | Ampitude | Ampitude Phase Phase Error
Location Constituent (hr') (m) Error (m) (deg) (deg)
O1 0.0387307 0.129 0.034 336.3 14.42
ECE-03 K1 0.0417807 0.103 0.035 345.28 20.21
M2 0.0805114 0.104 0.006 57.5 3.61
S2 0.0833333 0.055 0.007 62.18 7.58
o) 0.0387307 0.129 0.033 353.29 13.11
ECE-04 K1 0.0417807 0.102 0.033 3.83 18.62
M2 0.0805114 0.102 0.007 91.84 4.2
S2 0.0833333 0.054 0.006 98.36 6.22
o) 0.0387307 0.130 0.032 343 16.07
ECE-06 K1 0.0417807 0.097 0.033 351.67 20.55
M2 0.0805114 0.103 0.008 64.06 4.46
S2 0.0833333 0.058 0.008 71.99 7.46
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3.2 CURRENT VELOCITES

Every 6 minutes, the Sontek-SL gages recorded a single current velocity that represents a

spatially averaged velocity of the water within a bin that extends 20 meters laterally from the
instrument across the waterway. The velocities represent the velocity at a fixed elevation
that is between mid-depth and the upper portion of the water column (the ECE-03, ECE-04
and ECE-06 elevations are -1.95 m, -1.42 m and -1.42 m NGVD, respectively).

The measured currents are presented in Figure 3-4. The peak currents at the north and
south ends of Little Sarasota Bay (i.e., ECE-03 and ECE-04) are approximately 0.4 m/s to
the north and almost 0.6 m/s to the south. The currents at station ECE-06 (near Midnight
Pass) are relatively low. Note that the currents are ECE-03 are out of phase with the
currents at ECE-06 and ECE-04. The currents at these locations are out of phase because
the nodal area (where the currents are near zero) is in Little Sarasota Bay between stations
ECE-03 and ECE-06.

The measured currents in the shallow bays are influenced by the local winds. The observed
winds at Sarasota/Bradenton International Airport are shown in Figure 3-5. The winds along
the axis of the bays (i.e., north-south) have the greatest effect on currents. As shown by
Figure 3-6, the north-south wind velocity is highly correlated to the 24-hour averaged
currents flowing in and out of the bay (as represented by the averaged currents at ECE-04).
The winds from the north (i.e., the negative wind speeds shown in Figure 3-6) have a more
pronounced effect on the currents because the surface area acted upon by the wind is
greater to the north (i.e., Sarasota Bay is larger than Little Sarasota Bay, and Little Sarasota
Bay is larger than the bays to the south). It should also be noted that depth plays an
important role in wind induced circulation. For shallow areas adjacent to deeper areas, a
gyre may form where the wind induced current will be in the direction of the wind in the

shallows, and a return current will go against the wind in the deeper areas.

3.3 FLOWS

The flows presented in Figure 3-7 were calculated at each of the Sontek-SL gage locations.
The cross section of the waterway at each gage location was surveyed in order to define the
channel geometry for the flow calculations. The flows were calculated by the Sontek
software using the Chezy-Manning Theoretical Method to calculate the mean velocity.

Using this theoretical relationship includes uncertainty in the calculated values.
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The flows show similar peak flow magnitudes for both the semi-diurnal tides and the diurnal
tides. Although the tidal range is much larger during the diurnal tides than the semi-dirunal
tides (Figure 3-3), the flow rates are not much larger during the diurnal tides because there
is twice as much time for the water to pass through the system. Additionally, the flows show
the same patterns as the current velocities, as discussed in the previous section, where the
net flow (i.e., the low frequency, sub-tidal flow) is dependent on the wind conditions.
Likewise, winds from the north will have a more pronounced effect on causing net flow

towards the south than southerly winds will have on causing net flow towards the north.
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Figure 3-1
Monitoring station location map

APPLIED TECHNOLOGY & MAHAGEMENT, INC.
'




Figure 3-2
Measured water surface elevations at New Pass, Big Sarasota
Pass and Venice Inlet

APPLIED TECHNOLOGY & MAHAGEMENT, INC.
'




Figure 3-3
Measured water surface elevations at ECE-03, ECE-04 and
ECE-06

APPLIED TECHNOLOGY & MAHAGEMENT, INC.
'




Figure 3-4
Measured current velocity at ECE-03, ECE-04 and ECE-06
(positive values are northerly currents)

APPLIED TECHNOLOGY & MAHAGEMENT, INC.
'
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Figure 3-6
24-hour averaged current velocity at ECE-04 (north positive)
and observed northerly wind velocity
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Figure 3-7
Calculated flows based on measured current velocities at ECE-
03, ECE-06 and ECE-04

APPLIED TECHNOLOGY & MAHAGEMENT, INC.
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4.0 MODEL DESCRIPTION

The Environmental Fluid Dynamics Code (EFDC) was used for this Project. EFDC is a
general purpose modeling package for simulating three-dimensional flow, transport and
biogeochemical process in surface water systems including: rivers, lakes, estuaries,
reservoirs, wetlands and near shore to shelf scale coastal regions. The EFDC model was
originally developed at the Virginia Institute of Marine Science for estuarine and coastal

applications and is considered public domain software.

In addition to hydrodynamic, salinity, and temperature transport simulation capabilities,
EFDC is capable of simulating cohesive and noncohesive sediment transport, near field and
far field discharge dilution from multiple sources, eutrophication processes, the transport
and fate of toxic contaminants in the water and sediment phases, and the transport and fate
of various finfish and shellfish. Special enhancements to the hydrodynamic portion of the
code, including: vegetation resistance, drying and wetting, hydraulic structure
representation, wave-current boundary layer interaction and wave induced currents,
allowing refined modeling of wetland and marsh systems, controlled flow systems, and

nearshore wave induced currents and sediment transport.

The following description is from the introduction to the EFDC User Manual (Hamrick, 1996):

The physics of the EFDC model, and many aspects of the
computational scheme, are equivalent to the widely used Blumberg-
Mellor model (Blumberg and Mellor, 1987) and the U.S. Army Corps
of Engineers’ CH3D or Chesapeake Bay model (Johnson, et al,
1993). The EFDC model solves the three-dimensional, vertically
hydrostatic, free surface, turbulent averaged equations of motions
for a variable density fluid. Dynamically coupled transport equations
for turbulent kinetic energy, turbulent length scale, salinity and
temperature are also solved. The two turbulence parameter
transport equations implement the Mellor-Yamda level 2.5
turbulence closure scheme (Mellor and Yamada, 1982; Galperin et

al, 1988). The EFDC model uses a stretched or sigma vertical
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coordinate and Cartesian or curvilinear, orthogonal horizontal

coordinates.

The numerical scheme employed in EFDC to solve the equations of
motion uses second order accurate spatial finite differencing on a
staggered or C grid. The model’s time integration employs a
second order accurate three-time level, finite difference scheme with
an internal-external mode splitting procedure to separate the
internal shear or baroclinic mode from the external free surface
gravity wave or barotropic mode. The external mode solution is
semi-implicit, and simultaneously computes the two-dimensional
surface elevation field by a preconditioned conjugate gradient
procedure. The external solution is completed by the calculation of
the depth average barotropic velocities using the new surface
elevation field. The model’s semi-implicit external solution allows
large time steps that are constrained only by the stability criteria of
the explicit central difference or high order upwind advection
scheme (Smolarkiewicz and Margolin, 1993) used for the nonlinear
accelerations. Horizontal boundary conditions for the external mode
solution include potions for simultaneously specifying the surface
elevation only, the characteristic of an incoming wave (Bennett and
Mcintosh, 1982), free radiation of an outgoing wave (Bennett, 1976)
or the normal volumetric flux on arbitrary portions of the boundary.
The EFDC model’s internal momentum equation solution, at the
same time step as the external, is implicit with respect to vertical
diffusion. The internal solution of the momentum equations is in
terms of the vertical profile of shear stress and velocity shear, which
results in the simplest and most accurate form of the baroclinic
pressure gradients and eliminates the over-determined character of
alternate internal mode formulations. Time splitting inherent in the
three time level scheme is controlled by periodic insertion of a

second order accurate two time level trapezoidal step. The EFDC
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model is also readily configured as a two-dimensional mode in

either the horizontal or vertical planes.

The EFDC model implements a second order accurate in space and
time, mass conservation fractional step solution scheme for the
Eulerian transport equations for salinity, temperature, suspended
sediment, water quality constituents and toxic contaminants. The
transport equations are temporally integrated at the same time step
or twice the time step of the momentum equation solution
(Smolarkiewicz and Margolin, 1993). The advective step of the
transport solution uses either the central difference scheme used in
the Blumberg-Mellor model or a hierarchy of positive definite upwind
difference schemes. The highest accuracy upwind scheme, second
order accurate in space and time, is base on a flux corrected
transport version of Smolarkiewicz’'s multidimensional positive
definite advection transport algorithm numerical diffusion. The
horizontal diffusion step, if required, is explicit in time, while the
vertical diffusion step is implicit. Horizontal boundary conditions
include time variable material inflow concentrations, upwinded
outflow, and a damping relation specification of climatological
boundary concentration. For the temperature transport equation,
the NOAA Geophysical Fluid Dynamics Laboratory’s atmospheric
heat exchange model (Rosati and Miyakoda, 1988) is implemented.
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5.0 HYDRODYNAMIC MODEL INPUT

The input data required for the hydrodynamic model include geometric conditions (i.e., a
model grid and bathymetry) and boundary conditions (i.e., open boundary conditions and
wind). These input data are based on measured data in the study area. For example: the
model grid is defined by the study area shoreline; the bathymetry is based on hydrographic
survey data; and the open boundary conditions are based on measured water surface
elevations. This section describes these input data and the measured data required for the

development of the input data.

5.1 GEOGRAPHIC CONDITIONS

5.1.1 MODEL GRID

The model grid was constructed based on the study area shorelines. For the purposes of
this study, a single shoreline base map was created which covered the entire study area.
The digital shorelines from the Florida Department of Environmental Protection (FDEP) were
used for the initial base map. The FDEP shorelines were digitized from 1:40,000 National
Oceanic and Atmospheric Administration (NOAA) nautical charts. The NOAA charts are
antiquated (e.g., they still show Midnight Pass open); therefore, updated shorelines were
digitized from aerial photographs in order to provide a more accurate base map. Shorelines
were digitized from two sources: Sarasota County aerial photographs of Little Sarasota Bay
taken on February 18, 2002, and US Geological Survey (USGS) aerial photographs of the
area between Little Sarasota Bay and Venice Inlet area taken on December 31, 1998. The
digitized shorelines were merged together by replacing the older shorelines where they were

overlapped by the shorelines from the more recent data sources.

Figure 5-1 presents the computational grid used in the model simulations. The grid extends
from the north end of Sarasota Bay to south of Venice Inlet. The grid cells range in size
from 1.1 km wide in Sarasota Bay to 20 meters wide near the Midnight Pass project area.
This high degree of resolution is not necessary to accurately simulate the flow of water
between the bays. However, the high resolution in the project area was desired in order to
accurately resolve the current velocities in and around the reopened inlet. Therefore, area
outside of the Midnight Pass area was given a coarse grid in order to accurately simulate

the flows while minimizing computational cost (i.e., computer run time), and the Midnight
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Pass area was given a fine grid in order to allow the detailed calculation of the local

circulation and velocities.

5.1.2 BATHYMETRY

A depth value must be assigned to each grid. Two methods area generally combined to
create the array of grid depths. First, a database of bathymetric soundings with associated
latitude and longitude for the area is accessed. Each grid is automatically assigned a depth
value by interpolation from the database based on a distance-weighting algorithm for

soundings close to the grid location.

The second method is based on the experience of the modeler to more accurately specify
depths. The user selects individual grids or groups of grids and specifies depth values.
This procedure becomes necessary when representing post-project scenarios (e.g., channel

deepening, borrow site excavation, or nearshore berm placement).

The bathymetry data input to the model were obtained from multiple sources, including:
¢ National Ocean Survey (NOS) hydrographic survey data obtained from the National
Geophysical Data Center (NGDC),
¢ Navigation channel surveys collected by the USACE Jacksonville District,

e March 2004 survey data collected by McKim and Creed in the study area.

The survey data were converted to a common horizontal geographic coordinate system
[NAD 83 (the North American Datum of 1983)] and a common vertical datum of mean low
water (MLW). The data were interpolated onto the model grid, and the resultant model

bathymetry are shown in Figures 5-2 and 5-3.

5.2 BOUNDARY CONDITIONS

Boundary conditions are the forcing functions used in the model to drive the circulation.

These time-varying functions can be water levels (e.g., tides), flows (e.g., river flow), density
gradients (e.g., salinity and temperature) and atmospheric effects (e.g., winds). The forcing
functions are applied at the open boundaries (i.e., at the Gulf of Mexico boundaries) except
for atmospheric effects, which are applied over the surface of the model domain. The
following sections document the forcing functions used in the model calibration and

verification.

CHS/2004/04845/Midnight Pass Modeling Report/06/2/04 5-2



5.21 WATER SURFACE ELEVATIONS

The model open boundaries allow one of the major forcing mechanisms, tides, to affect the
estuary. These surface level variations cause the influx and efflux of a significant volume of
water on each tidal cycle. In the hydrodynamic model, open boundary water surface
elevations are specified at the boundaries offshore from Longboat Pass, New Pass, Big

Sarasota Pass, Midnight Pass (for post-project simulations) and Venice Inlet.

Tidally influenced hydrodynamic models commonly use measured water surface elevations
at the offshore boundaries. The model simulations in this study utilized both predicted tides
and measured tides for the boundary forcing for the following reason. The YSI gages
deployed during March and April of 2004 failed to provide any useful water surface elevation
data, and therefore, Aquatape gages were deployed in May 2004 as a second attempt to
record water levels. Given the schedule of the study, it was necessary to proceed with the
model setup, calibration and verification in April 2004 using predicted tides based on
measured tidal harmonics at Bradenton Beach (there was not sufficient time to wait for the
Aquatape data). After the model calibration and verification were complete, the first data set
was downloaded from the Aquatapes (for the May 1 — May 15 period). This additional data

was used to force the model for a separate model confirmation simulation.

The difference in the tidal phase between the inlets is relatively small. The tidal phase was

evaluated based on two data sources:

1. The measured data at the inlets show the tides reaching the Venice Inlet gage on the
order of 30 to 50 minutes before New Pass and Big Pass. However, this difference

in phase was near the level of uncertainty of the harmonic analysis.

2. NOAA collected Gulf of Mexico water surface elevation data at Anna Marina (Station
E-243), which is at the north end of this study’s model domain, and Venice Pier
(Station E-858) as part of the Tampa Bay Oceanography Project (NOAA, 1993). The

tidal phasing at both locations is nearly identical.

Based on the NOAA data, it was assumed that there is no difference in phasing between the

inlet boundaries. Therefore, all of the inlet tidal boundaries used the same input time series.
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To evaluate the sensitivity of the model to this assumption, the model was also executed
with tidal boundaries that included a 60 minute phase difference between the north and
south end of the domain. This resulted in only very small changes in simulated current

velocities.

Because the predicted tides do not include low frequency variations in the Gulf of Mexico
that result from meteorological conditions, the 24-hour average mean water level variations
from the Sontek gage at ECE-03 were added to the predicted tide time series. This

adjustment is included in the tides plotted in Figure 5-4.

For the model confirmation simulations from May 1 to May 15, the measured data from the
Big Sarasota Pass gage (ECE-02) were used to force the model boundaries. This gage is
the farthest seaward of the three inlet gages and it has the least transformation of the tidal

signal resulting from the inlet effects.

5.2.2 SALINITY

Salinity was not simulated for the hydrodynamic calibration and validation period of March
and April 2004. Instead, salinity was simulated for a period over a year in length in order to
assess the ability of the model to simulate the seasonal variations in salinity concentration.
Also, the longer simulation period was chosen because the only available salinity data were
monthly salinity measurements. Therefore, the goal is to simulate the longer term variations
(i.e., monthly) in salinity due to freshwater inflow from the watersheds, and not to simulate

short-term salinity variations (i.e., hourly or daily) caused by tidal fluctuations.

Gulf salinity concentrations were not available for the offshore model boundaries. The best
available salinity concentration data is from the Sarasota County water quality monitoring
program. Station 12-1 is located in the throat of Big Sarasota Pass, and it is the closest
measured data available for the offshore boundary concentrations. Figure 5-5 shows the
Station 12-1 salinity concentrations over the entire data record. These time series data
were input to the model at the open boundaries, and the model linearly interpolated
boundary concentration values for time steps in between the data points. As shown by the
data, there is considerable variation in the salinity concentration at Big Sarasota Pass (the
data range from 33.6 to 38.9). Unfortunately, a time-of-day was not included with the

measured data, and therefore, the flooding tide salinity measurements (assumed to be more
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representative of the gulf concentrations) could not be segregated from the ebbing salinity

measurements (assumed to be more representative of the bay salinity)

5.2.3 FRESHWATER INFLOW

Measured freshwater inflow from the many tributaries that flow into the estuary is not
available. Therefore, freshwater inflow was approximated using the rational method (i.e.,
rainfall multiplied by the surface area and multiplied by a runoff coefficient). This is a very

simplistic approach, but a detailed watershed study is beyond the scope of this study.

Rainfall data collected by the South Florida Water Management District (SFWMD) is shown
in Figure 5-6. This data was available for the period from October 2001 to March 2003. For
the three watersheds in the study area (the Sarasota Bay watershed, the Little Sarasota Bay
watershed, and the Dona and Roberts Bay watershed), the daily rainfall was multiplied by
the watershed areas and the percent upland (Table 5-1). These flow volumes were then
multiplied by a runoff coefficient of 0.15, which at the lower end of the range of literature
values for runoff coefficient. The water shed flow volumes were then divided among the
various major tributaries in the watershed. The fraction of the watershed assigned to each
tributary was approximated based on maps of the watershed and tributaries. Additionally,
some smaller tributaries were combined with other adjacent tributaries in order to reduce the
total number of freshwater flow boundaries in the model (although this does not affect the
total freshwater flow input to the model). The tributaries and the approximated fraction of
each watershed are shown in Table 5-2. The time series of total inflow for each watershed

is plotted in Figure 5-7.

5.2.4 WIND

Wind data was obtained from the National Climatic Data Center (NCDC) for the
Sarasota/Bradenton International Airport. The wind data for the calibration period are
plotted in Figure 3-5. These hourly time series data were input to the model and were

applied uniformly over the entire domain.

CHS/2004/04845/Midnight Pass Modeling Report/06/2/04 5-5



Table 5-1 Watershed characteristics

Watershed Surface Area (sq. mi.) | % Upland
Sarasota Bay 161 65
Little Sarasota Bay 44 74
Dona and Roberts Bay 98 79

Table 5-2 Tributaries included as freshwater inflow boundaries

Fraction of
Watershed Tributary watershed
Phillippi Cr 0.4
Whitaker
Bayou 0.1
Sarasota Bay Bowlees Cr 0.1
North
tributaries 04
Matheny Cr 0.1
. Phillippi Canal 0.1
Little Sarasota Bay Catfish Cr 02
South Cr 0.6
Dona and Roberts Bay Shakett Cr 1.0
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Figure 5-1
Model grid for existing conditions (Midnight Pass project area
inset)

APPLIED TECHNOLOGY & MAHAGEMENT, INC




Figure 5-2
Model bathymetry

APPLIED TECHNOLOGY & MAHAGEMENT, INC.
'




Figure5-3
Model bathymetry in Midnight Pass project area

APPLIED TECHNOLOGY & MAHAGEMENT, INC.
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6.0 HYDRODYNAMIC MODEL CALIBRATION

The assessment of the accuracy of numerical models is a complex process. The methodical
application, testing and evaluation of a model to predict field data for a specific study domain
is often referred to as model calibration. The results of this calibration are a good
assessment of the model accuracy. In general, the calibration process is an organized
procedure to select model coefficients such that the best agreement is obtained between the

model predictions and the measured data.

The calibration process for the hydrodynamic model focused on reproducing water surface
elevation and velocities at selected locations. The primary parameter that can be adjusted
is the bottom friction. A uniform log law bottom roughness height of 0.01 m was found to

produce the best calibration results.

The quality of the hydrodynamic model calibration was assessed using qualitative and
quantitative comparisons. The most direct way to provide a qualitative comparison is to plot
the model predictions and the observed data for each variable over the time of the
simulation. The quantitative comparisons include comparison of harmonic constituents as
well as model-to-observation comparative statistics for water surface elevation, current
velocities and flow. The statistics include root mean square error (RMSE) and absolute

mean error (AME), and the relative mean error (RME).

The first step in the model calibration process was determining the model time step at which
the model becomes stable. The advective time step was 3 seconds due to the relatively
small cell sizes in the Midnight Pass area and the relatively high current velocities that occur

in the inlet throat.

The following three sections show comparisons of model predictions to observed data for

surface elevation, currents and volume flux.

6.1 WATER SURFACE ELEVATION
The time series comparison of model predicted water surface elevation versus observations
is shown for stations ECE-03, ECE-04 and ECE-06 in Figure 6-1. The comparisons show

good agreement between the measured and simulated water surface elevations given the
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fact that the offshore boundary was forced using predicted tides and does not include the
low frequency variations that result from meteorological occurrences (e.g., sustained winds
can cause a low frequency increase or decease in the mean water elevations along the
coastline). It should also be noted that the Sontek gages use a pressure gage to monitor
water surface elevation, and therefore they can record false variations in water level
resulting from fluctuations in barometric pressure. The barometric fluctuations are relatively

small, but they add to the uncertainty in the measured data.

The simulated and measured tidal harmonics are given in Table 6-1. The statistics are
shown in Table 6-2. The model slightly overpredicts the diurnal components while
underpredicting the semi-diurnal components. This may indicate that the friction is slightly
too high or the constrictions at the north and south end of Little Sarasota Bay are somewhat
too restrictive. The diurnal tidal components pass though the bay system more easily than
the semi-diurnal components because they occur over a time period that is twice as long.
Therefore, for similar tidal amplitudes, a diurnal component will cause much lower current
velocities than a semi-diurnal component. If the model is too restrictive or the friction is too
high, the effects are apparent by the underprediction of the semi-diurnal components while
the diurnal components are not underpredicted. However, the overall agreement is still
generally good. Additionally, the model friction was not further reduced because the
calibration was chosen as the best overall agreement between comparisons of water

surface elevation, current velocities and flows.

Table 6-1 Measured and simulated tidal harmonics at ECE-03, ECE-04 and ECE-06 for March 6
to March 25, 2004 calibration period
ECE-03 ECE-06 ECE-04
Constituent Measured | Simulated | Measured | Simulated | Measured | Simulated
o1 L.amp (m) 0.129 0.128 0.129 0.125 0.130 0.124
phase (deg) 336 343 353 349 343 339
K1 |-2mp (m) 0.103 0.122 0.102 0.122 0.097 0.119
phase (deg) 345 349 4 356 352 346
M2 2mp (m) 0.104 0.081 0.102 0.077 0.103 0.077
phase (deg) 58 48 92 59 64 36
5o [@mp (m) 0.055 0.045 0.054 0.046 0.058 0.042
phase (deg) 62 75 98 88 72 64
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Table 6-2 Calibration comparison statistics for water surface
elevation at ECE-03, ECE-04 and ECE-06 for March 6 to
March 25, 2004 calibration period.

RMSE
Location AME (m) RME (m)
ECE-03 0.062 -0.077 0.080
ECE-04 0.050 -0.039 0.068
ECE-06 0.051 -0.024 0.068

6.2 CURRENT VELOCITY

The measured and simulated current velocities are compared in Figure 6-2. Overall, there is

generally good agreement between the measured and simulated current patterns and
magnitudes, although the peak simulated values are slightly smaller than the peak
measured values. It should be noted that the simulated velocities are depth averaged
values, whereas the measured currents are measurements taken between mid-depth and
the upper portion of the water column (measured at elevations of -1.4 m and -1.9 m NGVD,
as described in Section 3.2). Therefore, it is expected that the depth averaged simulated
currents should be slightly smaller than the measured currents. The calibration comparison

statistics are shown in Table 6-3.

Table 6-3 Calibration comparison statistics for current
velocities at ECE-03, ECE-04 and ECE-06 for March 6 to
March 25, 2004 calibration period.

RMSE
Location AME (m/s) REM (m/s)
ECE-03 0.055 -0.017 0.071
ECE-04 0.080 0.030 0.106
ECE-06 0.045 0.029 0.053

6.3 FLOWS

The simulated flows are compared to the Sontek calculated flows in Figure 6-3. The
comparison statistics are shown in Table 6-4. The model simulated flows are slightly higher
than the Sontek calculated flows; however, this is expected because the Sontek gages
underpredict the actual flows (as described in Section 3.2). The model accurately
reproduces the phase of the flows. The model also accurately represents the reduction in
flow and phasing at ECE-06 behind Midnight Pass, and therefore, correctly captures the

nodal area phenomenon in Little Sarasota Bay.
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Table 6-4 Calibration comparison statistics for flows at ECE-
03, ECE-04 and ECE-06 for March 5 to April 22, 2004
calibration period.

RMSE
Location AME (m®/s) REM (m®/s)
ECE-03 15.484 0.016 20.201
ECE-04 22.222 0.032 25.775
ECE-06 8.667 -0.021 11.533

6.4  SALINITY

Long-term salinity monitoring data in Little Sarasota Bay was used to evaluate the ability of
the model to represent salinity transport in the estuary. The Sarasota County Water Quality
(SCWQ) monitoring stations used for the model comparisons are shown in Figure 6-4. The
salinity data for the period from October 2001 to February 2003 are presented in Figure 6-5
along with the measured rainfall data collected by the SWFWMD. Station 12-1 (not shown
in Figure 6-4) is located in the throat of Big Sarasota Pass and is included as an indication

of the offshore salinity concentrations and model boundary concentrations.

The model simulated concentrations are shown in Figures 6-6 through 6-10. The results
show that the model simulated concentrations decrease in response to the rainfall events.
The simulated salinity does not, however, increase as high as the measured data during the
high salinity event in May of 2002. There are two primary input data limitations that limit the
ability of the model to exactly replicate the observed salinity concentrations: (1) the
measured rainfall data are only approximations of the actual rainfall that fell on the
watershed, and the data do not reflect the spatial variations in the actual rainfall; and (2) the
offshore Gulf of Mexico salinity concentrations are not known for input to the model, and the
inlet concentrations at Station 12-1 are only approximate values of the gulf salinity. Given
these limitations, the model shows very good agreement with the measured data. The
results indicate that the model is capable of simulating the transport of salinity in the estuary
and it is an appropriate tool for simulating the project related changes to the salinity

concentrations in the estuary.
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Figure 6-1
Measured and simulated water surface elevations, March 6
through March 25, 2004.

APPLIED TECHNOLOGY & MAHAGEMENT, INC.
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Figure 6-2
Measured and simulated current velocities, March 6 through
March 25, 2004.

APPLIED TECHNOLOGY & MAHAGEMENT, INC.
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Figure 6-3
Measured and simulated flows, March 6 through March 25,
2004.
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Figure 6-4
SCWQ monitoring stations in Little Sarasota Bay
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7.0 HYDRODYNAMIC MODEL VALIDATION

Following the model calibration, the model simulations were compared to the second set of
monitoring data downloaded from the Sontek gages as a model validation. The model
coefficients were not adjusted in any way following the model calibration. The following
three sections show comparisons of model predictions to observed data for surface

elevation, currents and volume flux for the March 25 to April 22 model validation period.

7.1 WATER SURFACE ELEVATION
The time series comparison of model predicted water surface elevation versus observations
is shown for stations ECE-03, ECE-04 and ECE-06 in Figure 7-1. The comparisons show

generally good agreement between the measured and simulated water surface elevations.

Similar to the calibration results, the model is not expected to replicate the water surface
elevations exactly given the fact that the offshore boundary was forced using predicted tides
and does not include the low frequency variations that result from meteorological
occurrences. Of note is the storm that occurred on April 14 (day 105), where the mean
water levels drop in response to high wind conditions. The model is not expected to capture

this variation without measured data to force the offshore boundaries.

The simulated and measured tidal harmonics are given in Table 7-1. The statistics for
measured to simulated comparisons are shown in Table 7-2. The pattern of the simulated
harmonics is similar to that shown by the calibration comparisons: the model slightly
overpredicts the diurnal components while slightly underpredicting the semi-diurnal

components.

Table 7-1 Measured and simulated tidal harmonics at ECE-03, ECE-04 and ECE-06 for March 25
to April 22, 2004 validation period
ECE-03 ECE-06 ECE-04
Constituent Measured | Simulated | Measured | Simulated | Measured | Simulated
o1 L.amp (m) 0.115 0.119 0.114 0.118 0.112 0.116
phase (deg) 336 348 353 353 342 344
K1 |-2mp (m) 0.107 0.126 0.106 0.126 0.105 0.122
phase (deg) 332 351 350 357 338 347
M2 -2mp (m) 0.099 0.084 0.100 0.081 0.098 0.080
phase (deg) 51 74 85 85 60 63
go [@mp (m) 0.054 0.042 0.051 0.042 0.051 0.039
phase (deg) 52 75 87 86 60 66
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Table 7-2 Calibration comparison statistics for water surface
elevation at ECE-03, ECE-04 and ECE-06 for March 25 to
April 22, 2004 validation period.
RMSE
Location AME (m) RME (m)
ECE-03 0.073 -0.001 0.092
ECE-04 0.066 0.045 0.089
ECE-06 0.065 0.047 0.088

7.2 CURRENT VELOCITY
The measured and simulated current velocities are compared in Figure 7-2. Overall, there is

generally good agreement between the measured and simulated current patterns and
magnitudes. Similar to the calibration results, the peak simulated values are slightly smaller
than the peak measured values, as expected, because the simulated values are depth

averaged. The calibration comparison statistics are shown in Table 7-3.

Table 7-3 Calibration comparison statistics for current
velocities at ECE-03, ECE-04 and ECE-06 for March 5 to
April 22, 2004 validation period.

7.3

The simulated flows are compared to the Sontek calculated flows in Figure 7-3. The

FLOWS

RMSE
Location AME (m/s) REM (m/s)
ECE-03 0.082 0.026 0.113
ECE-04 0.086 0.043 0.121
ECE-06 0.049 0.025 0.063

comparison statistics are shown in Table 7-4.
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Table 7-4 Calibration comparison statistics for flows at ECE-
03, ECE-04 and ECE-06 for March 5 to April 22, 2004

validation period.

RMSE
Location AME (m®/s) REM (m®/s)
ECE-03 22.865 0.025 31.482
ECE-04 23.897 0.043 27.815
ECE-06 7.864 0.017 11.418
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Figure 7-1
Measured and simulated water surface elevations, March 22
through April 22, 2004.
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Figure 7-2
Measured and simulated current velocities, March 22 through
April 22, 2004.
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Figure 7-3
Measured and simulated flows, March 22 through April 22,
2004.
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8.0 HYDRODYNAMIC MODEL CONFIRMATION

Following the model calibration and verification, a model confirmation was performed using
newly acquired field data. As explained in Section 5.2.1, the study proceeded with model
calibration and verification in the absence of measured water surface elevations for the
model boundaries; instead, predicted tides were used for the calibration and verification
simulations. After additional water surface elevation data was collected at the three inlets
for the May 1 to May 15 2004 period, the water surface elevation data from the Big Sarasota
Pass gage was used to force the model boundaries for the model confirmation simulation.
Comparisons to Sontek measured water levels, current velocities and flows were made to
assess the model performance and confirm that that model accurately represents the

hydrodynamics of the study area.

8.1 WATER SURFACE ELEVATION
The time series comparison of model predicted water surface elevation versus observations
is shown for stations ECE-03, ECE-04 and ECE-06 in Figure 8-1. The comparisons show

good agreement between the measured and simulated water surface elevations. In contrast

to the calibration results, when measured data is used for the model boundaries the model
is able to reproduce the low frequency variations that result from meteorological

occurrences (as shown by the shifts in mean water level in Figure 8-1).

The record is too short to adequately resolve the tidal harmonics, and therefore, comparison
of the harmonics is not included in this section. The statistics for measured to simulated

comparisons are shown in Table 8-1. The statistics show overall good agreement.

Table 8-1 Comparison statistics for water surface elevation
at ECE-03, ECE-04 and ECE-06 for May 1 to May 15, 2004
confirmation period

RMSE
Location AME (m) RME (m)
ECE-03 0.041 -0.041 0.048
ECE-04 0.040 -0.028 0.048
ECE-06 0.030 -0.001 0.036
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8.2 CURRENT VELOCITY

The measured and simulated current velocities are compared in Figure 8-2. Overall, there is

generally good agreement between the measured and simulated current patterns and
magnitudes. Similar to the calibration results, the peak simulated values are slightly smaller
than the peak measured values, as expected, because the simulated values are depth

averaged. The calibration comparison statistics are shown in Table 8-2.

Table 8-2 Comparison statistics for current velocities at
ECE-03, ECE-04 and ECE-06 for May 1 to May 15, 2004
confirmation period

RMSE
Location AME (m/s) REM (m/s)
ECE-03 0.054 0.016 0.065
ECE-04 0.064 0.034 0.080
ECE-06 0.035 -0.035 0.043

8.3 FLOWS
The simulated flows are compared to the Sontek calculated flows in Figure 8-3. The

comparison statistics are shown in Table 8-3.

Table 8-3 Calibration comparison statistics for flows at ECE-
03, ECE-04 and ECE-06 for March 5 to April 22, 2004
validation period.

RMSE
Location AME (m®/s) REM (m®/s)
ECE-03 13.655 0.024 17.501
ECE-04 15.001 0.042 17.754
ECE-06 6.509 -0.013 8.581
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Figure 8-1
Measured and simulated water surface elevations, May 1
through May 15, 2004.
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Figure 8-2
Measured and simulated current velocities, May 1 through May
15, 2004.
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Figure 8-3
Measured and simulated flows, May 1 through May 15.
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9.0 ALTERNATIVE SIMULATIONS

The changes to the hydraulics of the system resulting from the reopening of Midnight Pass
were assessed by comparing the post-project alternative simulations to a baseline
simulation.  This section describes the simulated baseline conditions and differing
geometries for the inlet channel and the interior tidal channel, including the addition of a

sedimentation basin to simulate varying Alternative Project design options.

9.1 BASELINE CONDITION

The baseline condition is defined as the existing condition to represent the hydrodynamics
of the model domain which covers Venice Inlet to the south and includes Blackburn Bay,
Roberts Bay, Little Sarasota Bay and Sarasota Bay up to Palma Sola Bay. The simulated
existing condition tides, currents, and flows are described in the previously presented
Sections 6, 7 and 8.

9.2 PROJECT ALTERNATIVES
9.2.1. Option 1

The model grid for the Option 1 conceptual project alternative is shown in Figure 9-1. The

Option 1 design includes two interior tidal channels that connect the Gulf of Mexico to the

GIWW vis-a-vis a reopened Midnight Pass.

9.2.2. Option 1a

The model grid for the Option 1 project is shown in Figure 9-2. Option 1a will reopen
Midnight Pass with two tidal channels connecting the pass to the GIWW, and without
dredging a sedimentation basin. As shown in Figure 9-2, the lengths of the northern and

southern tidal channels are 5960 ft and 2520 ft, respectively.

9.2.3. Option 2
The model grid for the Option 2 conceptual project alternative is shown in Figure 9-3. The
Option 2 design includes a single tidal channel to connect the Gulf of Mexico to the GIWW

through a reopened Midnight Pass.
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9.2.4. Option 2a

The Option 2a alternative will reopen Midnight Pass with a single tidal channel connecting
the pass to the GIWW. The model grid for the Option 2a project alternative is shown in
Figure 9-3. As shown, the length of the pass channel is 760 ft and extends from the Gulf
across Siesta and Casey Key at a depth of 12 ft and a width of 330 ft (NGVD). The length
of the single tidal channel connection to the GIWW is 2540 ft extending to a depth of 10 ft
and a width of 260 ft (NGVD).

9.2.5. Option 2b

The Option 2b alternative will reopen Midnight Pass with a single tidal channel connecting
the pass to the GIWW. The model grid for the Option 2b project alternative is shown in
Figure 9-4. As shown, the length of the pass channel is 760 ft and extends from the Gulf
across Siesta and Casey Key at a depth of 10 ft and a width of 310 ft (NGVD). The length
of the single tidal channel connection to the GIWW is 2540 ft extending to a depth of 8 ft and
a width of 248 ft (NGVD).

9.2.6. Option 2¢

Option 2c varies from Option 2a by including a sedimentation basin (14 ft depth) contiguous
to the interior channel which is located 200 ft east of the inlet channel offset approximately
110 ft north of the northern edge of the interior tidal channel and 210 ft south to the southern
edge of the interior tidal channel. The length and width of the sediment basin is 500 ft and
585 ft, respectively. Installing the sediment basin is expected to provide a storage area for
sediments that move into the bay from the Gulf as well as providing increased flushing.

The model grid for the Option 2c project alternative is shown in Figure 9-5. As shown, the
length of the pass channel is 760 ft and extends from the Gulf across Siesta and Casey Key
at a depth of 12 ft and a width of 330 ft (NGVD). The length of the single tidal channel
connection to the GIWW is 2540 ft extending to a depth of 10 ft and a width of 260 ft
(NGVD).

9.2.7. Option 2d

Similar to Option 2a, Option 2d varies by adding the sedimentation basin over the interior
channel which is located 200 ft east of the inlet channel offset approximately 110 ft north of
the northern edge of the interior tidal channel and 210 ft south to the southern edge of the

interior tidal channel. The length and width of the sediment basin is 500 ft and 585 ft,
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respectively. Installing the sediment basin is expected to provide a storage area for
sediments that move into the bay from the Gulf as well as providing increased flushing.

The model grid for the Option 2d project alternative is shown in Figure 9-6. As shown, the
length of the pass channel is 760 ft and extends from the Gulf across Siesta and Casey Key
at a depth of 10 ft and a width of 310 ft (NGVD). The length of the single tidal channel
connection to the GIWW is 2540 ft extending to a depth of 8 ft and a width of 248 ft (NGVD).

9.2.8. Option 2e

Option 2e varies from Option 2c with the sedimentation basin shifted south approximately
150 ft and reduced to a depth of 12 ft. .The length of the pass channel is 760 ft and extends
from the Gulf across Siesta and Casey Key at a depth of 12 ft and a width of 330 ft (NGVD).
The length of the single tidal channel connection to the GIWW is 2540 ft extending to a
depth of 10 ft and a width of 260 ft (NGVD). A boat access channel, 60 ft wide and 6 ft
deep, extends from the tidal channel (to the County’s Turtle Beach Park boat ramp.
Although this channel is not a required component of the Project, the improved channel will
provide increased recreational opportunities and reduce travel distances for boats to access

the reopened Pass

9.3 TIDAL PRISM

The tidal prism is defined as the volume of water that passes through a cross-section during
the course of a tidal cycle. The tidal prism was simulated at Big Sarasota Pass, New Pass,
Venice Inlet, and Midnight Pass for the project alternatives and compared to the simulated
tidal prisms for the existing conditions. The tidal prism for the mixed tide diurnal/semi-
diurnal type of tide is not a constant value, and it changes depending on the tidal conditions
each day. Therefore, for this analysis, the tidal prism was defined as the average daily tidal
prism over a 14-day spring/neap tidal cycle. The tidal boundary from the period between

March 6 and March 20 was used for the tidal prism simulations.

The simulated tidal prisms are summarized in Table 9-1. The model results show that the
tidal prisms at the existing inlets are nearly balanced between ebb and flood. Big Sarasota
Pass has the largest tidal prism; New Pass has an approximately 28% smaller tidal prism
than Big Sarasota Pass; and Venice Inlet has a much smaller tidal prism than the other

inlets.
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The simulations show that the new Midnight Pass will have a tidal prism on the order of

7x10° m®. The Midnight Pass prism will be nearly 60% greater than that of Venice Inlet, and

it will be only about 20% of the Big Sarasota Pass tidal prism.

Table 9-1 Twenty-four (24) Hour Average Simulated pre- and post-Project Tidal Prisms (for 14 day
period from March 6 through March 20, 2004)

Tidal Prism Percent Total Percent Change
Flood and Ebb re- to post-
Flood Ebb Prism (p projegt)
m?3 ft3 m?3 ft3
Scenario Inlet (*10% | (*10% | (*10° | (*10% | Flood Ebb Flood Ebb
Existing Big Pass 29.2 10.3 29.1 10.3 | 50.1% | 49.9% - -
(pre- New Pass 21.1 7.46 21.7 765 | 49.4% | 50.6% - -
project) Venice Inlet 4.50 159 | 4.57 1.61 | 49.6% | 50.4% - -
Big Pass 29.3 10.3 27.8 9.82 | 51.3% | 48.7% 0.2% -4.5%
Option 1 New Pass 21.8 7.68 21.3 7.51 50.6% | 49.4% 2.9% -1.9%
Venice Inlet 4.34 1.53 4.24 150 | 50.6% | 49.4% | -3.5% -7.2%
Midnight Pass 6.86 2.42 6.60 2.33 | 50.9% | 49.1% - -
Big Pass 29.3 10.36 27.9 985 | 51.3% | 48.7% 0.5% -4.2%
Option 1a New Pass 21.8 7.69 21.3 752 | 50.6% | 49.1% 3.0% -1.8%
Venice Inlet 4.45 1.57 4.35 1.54 | 50.6% | 49.1% | -1.1% -4.8%
Midnight Pass 5.74 2.03 5.53 1.95 | 50.9% | 49.1%
Big Pass 29.3 10.3 27.9 985 | 51.2% | 48.8% 0.2% -4.2%
Option 2 New Pass 21.8 7.68 21.3 752 | 50.5% | 49.5% 2.9% -1.8%
Venice Inlet 4.26 1.50 4.10 1.45 | 50.9% | 49.1% -5.4% | -10.4%
Midnight Pass 6.93 2.45 6.93 245 | 50.0% | 50.0% - -
Big Pass 26.5 9.34 258 9.12 | 50.6% | 49.4% 9.4% | -11.2%
Option 2a New Pass 21.1 7.45 20.2 713 | 51.1% | 48.9% | -0.05% | -7.0%
Venice Inlet 413 1.46 3.89 1.37 | 51.5% | 48.5% -8.3% | -14.8%
Midnight Pass 5.67 2.00 5.30 1.87 | 51.7% | 48.3% - -
Big Pass 28.1 9.94 26.2 9.27 | 51.7% | 48.3% -3.7% -9.8%
Option 2b New Pass 221 7.82 20.3 716 | 52.2% | 47.8% 4.9% -6.6%
Venice Inlet 4.51 1.59 4.31 1.52 | 51.1% | 48.9% 0.3% -5.6%
Midnight Pass 5.41 1.91 5.01 1.77 | 51.9% | 48.1% - -
Big Pass 294 10.4 28.0 9.87 | 51.3% | 48.7% 0.8% -3.9%
Option 2¢ New Pass 21.8 7.71 21.3 7.52 | 50.6% | 49.4% 3.4% -1.9%
Venice Inlet 4.35 1.54 418 148 | 51.0% | 49.0% -3.3% -8.5%
Midnight Pass 6.50 2.30 6.20 219 | 51.2% | 48.8% - -
Big Pass 29.6 10.5 28.1 9.93 | 51.3% | 48.7% 1.4% -3.4%
Option 2d New Pass 21.8 7.72 21.3 752 | 50.6% | 49.4% 3.6% -1.8%
Venice Inlet 4.45 1.57 4.29 152 | 50.9% | 49.1% | -1.1% -6.1%
Midnight Pass 5.84 2.06 5.56 1.96 | 51.2% | 48.8% - -
Big Pass 29.3 10.3 27.8 982 | 51.3% | 48.7% 0.3% -4.5%
Option 2e Neyv Pass 21.8 7.70 21.3 7.52 | 50.6% | 49.4% 3.1% -1.7%
Venice Inlet 4.33 1.53 4.19 148 | 50.8% | 49.2% | -3.7% -8.4%
Midnight Pass 6.81 2.40 6.48 229 | 51.2% | 48.8% - -
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The model results indicate that the opening of Midnight Pass will cause negligible change at
New Pass and will cause a small decrease in the ebb tidal prism at Big Sarasota Pass. The
inlet opening will cause small reductions in the ebb tidal prism at Venice Inlet on the order of

5 to 10% for the flood and ebb prisms, respectively.

9.4 INLET CURRENTS

The peak currents in the throat of the new Midnight Pass are an important variable that will

affect the stability of the inlet. A minimum of 1 m/s (3.28 ft/s) currents during peak velocity
conditions are required to scour sediments out of the inlet throat and maintain stability of the

inlet cross-section.

Table 9-2a compares the maximum simulated depth averaged current velocities for each
project alternative. For Options 2, 2b and 2d, the maximum current velocities range in 2.9-

3.3 ft/s. This is close to the 3 ft/s maximum velocity generally observed in stable inlets.

Table 9.2b lists the maximum simulated depth averaged current velocity in the sediment
basin for Options 2c¢, 2d and 2e. The model results show a significant reduction in current
velocity between the inlet throat and the sediment basin: the maximum predicted depth
averaged velocities in Midnight Pass for Options 2c and 2d are 2.7 and 2.9 feet per second,
and the maximum predicted depth averaged velocities in the center of the sediment basin
for Options 2c and 2d are 1.77 to 1.70 feet per second, respectively. Therefore, sediments
carried through the inlet throat by high flood current velocities will be deposited in the
sediment basin where the current velocities decrease. This will reduce the shoaling rates of
Midnight Pass after project construction. Reduction of the depth of the sedimentation basin
increases the peak velocities approximately 0.2ft. The peak inlet velocities associated with

the input inlet throat cross sectional areas will be discussed below.

The model was used to simulate various inlet throat cross sections for the Option 2 design in
order to predict peak inlet current velocities for the various cross sections. The previous
modeling study by CDM (2000) showed that a synthetic tidal boundary with a M2 semi-
diurnal period and amplitude equal to the diurnal range produces similar peak current
velocities as the real tides. Therefore, an M2 period tide with amplitude of 0.69 m (2.03 ft)
(equal to the K1 plus O1 harmonic amplitudes) was used to force the offshore boundary.

This allowed for more rapid simulation of multiple inlet geometries.
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Table 9.2a Simulated Maximum Current Velocities

Maximum Velocity

Scenario Inlet Flood Ebb
(cm/s) (ft/s) (cm/s) (ft/s)

Existing (pre- Big Pass 46.7 1.5 54.2 1.8

9 P New Pass 67.7 22 82.4 27
project) .

Venice Inlet 38.2 1.3 50.9 1.7

Big Pass 44 4 1.5 51.7 1.7

. New Pass 74.8 2.5 88.6 2.9
Option 1 -

Venice Inlet 31.6 1.0 36.3 1.2

Midnight Pass 85.6 2.8 92.3 3.0

Big Pass 44.8 1.5 51.3 1.7

. New Pass 75.3 2.5 87.6 2.9
Option 1a -

Venice Inlet 33.3 1.1 38.5 1.3

Midnight Pass 80.1 2.6 84.9 2.8

Big Pass 447 1.5 51.9 1.7

. New Pass 75.1 2.5 88.6 2.9
Option 2 -

Venice Inlet 32.2 1.1 37.8 1.2

Midnight Pass 82.4 2.7 100.0 3.3

Big Pass 43.9 14 48.5 1.6

. New Pass 74 1 2.4 854 2.8
Option 2a -

Venice Inlet 31.2 1.0 341 1.1

Midnight Pass 68.8 2.3 79.1 2.6

Big Pass 44.8 1.5 48.7 1.6

Option 2b NeV\{ Pass 82.8 2.7 85.7 2.8

Venice Inlet 48.6 1.6 35.0 1.1

Midnight Pass 99.8 3.3 90.3 3.0

Big Pass 44.7 1.5 51.9 1.7

. New Pass 74.8 2.5 88.7 2.9
Option 2¢ -

Venice Inlet 31.6 1.0 34.6 1.1

Midnight Pass 76.5 2.5 83.5 2.7

Big Pass 44.9 1.5 52.1 1.7

Option 2d NeV\{ Pass 74.8 2.5 88.8 2.9

Venice Inlet 32.1 1.1 35.4 1.2

Midnight Pass 79.9 2.6 87.2 2.9

Big Pass 43.8 1.4 51.8 1.7

. New Pass 72.9 24 88.6 2.9
Option 2e -

Venice Inlet 30.2 1.0 34.7 1.1

Midnight Pass 75.3 2.5 87.3 2.9
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Table 9.2b Simulated Maximum Current Velocities in
Sediment Basin

Maximum Velocity
Scenario Flood Ebb
(cm/s) (ft/s) (cm/s) (ft/s)
Option 2¢ 54.1 1.77 41.2 1.35
Option 2d 51.8 1.70 28.9 0.95
Option 2e 50.8 1.70 68.3 2.2

Table 9-3 shows the input inlet throat cross sectional areas and the corresponding peak inlet
velocities. The relationship between the inlet throat cross section is shown in Figure 9-3.
The results show that the “equilibrium” cross-sectional area that will result in peak current
velocities of 1 m/s (3.28 ft/s) is around 275 m? (2960 ft?). This is in contrast to the 300-400
m? (3229-4306 ft?) equilibrium area predicted by the CDM study. The design cross-
sectional area for the pass channel will require approximately 300 m? (3229 ft?), this area is
based on the expected tidal prism determined from the model simulations used for this study

and an allowance for channel bank adjustment and equilibration following construction.

Table 9-3 Simulated Midnight Pass
inlet throat cross-sectional areas and
peak current velocities for Option 2
Area Peak

Average below Current

Depth (m NGVD Velocity
NGVD) (m?) (m/s)
0.87 69 1.53
1.17 92 1.55
1.47 116 1.5
1.97 156 1.36
2.57 203 1.17
3.17 250 1.01
3.52 278 0.91
3.82 302 0.84
4.13 326 0.77

The results also indicate that the inlet will remain open as long as the cross sectional area
exceeds 125 m? (1346 ft?). For example, if the throat area is initially 300 m? (3229 ft?), and
sand is deposited in the inlet throat reducing the cross-section to 200 m? (2153 ft?), the
velocities will increase and scour the sand out of the inlet throat until reaching the

equilibrium area of approximately 300 m?(3229 ft?).
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9.5 FLUSHING

The circulation and flushing characteristics of the Little Sarasota Bay were evaluated by
simulating the transport of a conservative tracer initially placed throughout the bay between
Station ECE-03 to ECE-06. The EFDC model implements a second order, accurate in
space and time, mass conservation fractional step solution scheme to calculate transport of
the tracer. For a conservative analysis, zero settling and zero decay of the tracer was
simulated. The initial concentration of the tracer in the bay was 100 percent. The model
simulated the transport of the tracer out of the area, and the percent remaining in the initial
area over time was calculated. This method is commonly used to evaluate how quickly the

"existing/old" water in the area is exchanged with "new" water from the gulf.

The model was forced starting with the neap portion of the tidal cycle. This results in a
somewhat conservative analysis, since the larger range of spring tide conditions would
result in increased tidal flows and flushing. The flushing simulation results are summarized
as percent initial pollutant mass remaining in Little Sarasota Bay after 4 days and 10 days
(Table 9-4). The existing Little Sarasota Bay exhibits poor flushing with 60 percent of the
initial tracer remaining after 10 days. The opening of Midnight Pass will increase the
circulation in Little Sarasota Bay, as demonstrated by the model results. For the design
alternatives Option 1a and 2a, the percent initial tracer remaining after 10 days is 18 percent

and 25 percent, respectively.

Table 9-4 Simulated flushing times of Little Sarasota Bay
Scenario Percent Initial Concentration Percent Initial Concentration
after 4 days (%) after 10 days (%)
Existing 76.6 60.7
Option1 57.3 18.0
Option 1a 57.3 17.8
Option2 55.1 15.5
Option 2a 65.4 25.4
Option 2b 67.4 29.5
Option 2¢ 56.5 15.8
Option 2d 59.3 18.6
Option 2e 55.7 15.5

Options 2c¢, 2d (and 2e) include a sedimentation basin which, otherwise are identical in
design features to Options 2a and 2b, respectively. As one would expect intuitively, the

basin flushes quickly. The results indicate that, simulating the system over the combined
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neap-spring tidal cycle, the bay will flush to less than 20 percent of the initial contaminant

mass in a 10 day period.

A characteristic of the present circulation in the bay system is the “nodal” area that exists in
Little Sarasota Bay. As discussed in Section 2.3, this nodal area results in low net currents,
and it is the primary reason that Little Sarasota Bay is poor flushed in its present condition.
The reopening of Midnight Pass will change this characteristic of the bay system. The nodal
area, near the center of Little Sarasota Bay, will be replaced by two nodal areas: one north
of Midnight Pass and one south of Midnight Pass. However, the fact that there are two nodal
areas instead of one should not be interpreted as a negative change to flushing conditions in
the bay system. As the model results demonstrate, the opening of Midnight Pass will
increase the flushing of the Little Sarasota Bay, and the net effect is a highly beneficial,

increased in the flushing for the bay system.
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Figure 9-1
Option 1 model grid
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Figure 9-2
Option 1a model grid
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Figure 9-3
Option 2 model grid
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Figure 9-4
Option 2a model grid
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Figure 9-5
Option 2b model grid
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Figure 9-6
Option 2¢ model grid
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Figure 9-7
Option 2d model grid
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Figure 9-8
Option 2e model grid
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Figure 9-9

Simulated peak inlet current velocity versus inlet throat cross sectional area for Option 2 design
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10.0 SUMMARY AND CONCLUSIONS

A two-dimensional hydrodynamic model of the study area was set up and calibrated. The
comparison of simulated and observed water surface elevations, current velocities and flows
demonstrate that the model is capable of representing the hydrodynamics of Little Sarasota
Bay and the reopened Midnight Pass. Salinity comparisons also demonstrate that the
model is capable of simulating the transport of salinity in the estuary, and the model is a
suitable to provide the hydrodynamic and salinity input to a water quality model, if

necessary.

The calibrated model was used to assess the performance of the reopened inlet. The
results indicate that the inlet cross sectional area corresponding to a stable inlet cross
section is approximately 250 to 300 m?. This inlet cross section will produce peak inlet

velocities around 1 m/s, which is sufficient to scour sediments from the inlet throat.

The model was also used to assess the effect of the inlet reopening on the adjacent inlets.
The inlet reopening will cause a small reduction in the tidal prism of Big Sarasota Pass (on
the order of 5 percent) and a reduction in the tidal prism of Venice Inlet of 5 to 10 percent.

These decreases in tidal prism are not expected to alter the stability of these inlets.

The model was used to simulate mass transport in the project area in order to predict the
project related changes to the flushing of Little Sarasota Bay. In the present system, only 39
percent of the water is flushed out of the bay after 10 days. For the post-project condition
with the reopened Midnight Pass, 84 percent of the water is predicted to be flushed out of
the bay for the preferred alternative (i.e., the Option 2 alternative). This is over a 100%

increase in the flushing rate as compared to the existing conditions.
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