











The FATHOM Bathymetric Database for Florida Bay (version 6.10, 2009)

A.l. FATHOM basin and shoal configuration

The FATHOM model treats Florida Bay as a collection of discrete basins separated by shallow shoals
(Figure A-1). Based on the arrangements of these contours, the bay was divided into 54 polygons or basins
that form the spatial basis for the application of FATHOM to Florida Bay (Figure A-2). The polygons are
numbered from 5 to 58 (polygons 1-4 form the boundaries of the model domain). In that the polygons are
defined by line segments, some of the area included within a "basin" may be land surface. The UTM
coordinates of the ends of the line segments dividing the basins (410 segments in all) are provided to
FATHOM as the spatial database for the bay. These line segments define the shoals that separate the basins
in the bay.

Figure A-1 Florida bay is dissected by a network of wide banks and shoals that effectively divide the bay
into a series of interconnected basins which provide the structural basis of FATHOM.

Figure A-2 The basin configuration and numbering scheme of the FATHOM model for Florida Bay
(names for each of the 54 basins are given in Table A-1).
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The 54 Basins in FATHOM have been assigned both numbers and names as a means of identifying the
regions in Florida Bay represented by each. While the numbers assigned are arbitrary, the names have been
assigned based on common usage for the regions they represent (Table A-1). Basins 1 through 4 are not
included in Table A-1. These basins define the boundary regions around the FATHOM domain (1= the
Everglades; 2 = the Gulf of Mexico; 3 = the Atlantic Ocean; 4 = Card Sound). Shoals in FATHOM are not

named, only numbers have been assigned for the 410 shoals.

Table A-1  Names and numbers of the basins in the FATHOM maodel for Florida Bay.

Basin No. Basin Name Basin No. Basin Name
5 Barnes Sound 32 Twin Keys Basin
6 Manatee Bay 33 Corrine Key Basin
7 Long Sound 34 Whipray Basin
8 Little Blackwater Sound 35 North Whipray Basin
9 Blackwater Sound 36 Rankin Bight
10 Tarpon Basin 37 Rankin Lake
11 Little Buttonwood Sound 38 Rabbit Key Basin
12 Nest Keys Basin 39 Johnson Key Basin
13 Joe Bay 40 Catfish Key Basin
14 Little Madeira Bay 41 Shake Bight
15 Black Betsy Keys Basin 42 Conchie Channel
16 Upper Cross Bank 43 Nilemile Bank
17 Rock Harbor 44 Dildo Key Bank
18 Buttonwood Sound 45 Tavernier Creek
19 Jimmie Key Basin 46 Butternut Key Basin
20 Cotton Key Basin 47 Duck Key Basin
21 Captain Key Basin 48 Manatee Keys Basin
22 Russell Key Basin 49 Swash Keys Basin
23 Crocodile Dragover 50 Deer Key basin
24 Madeira Bay 51 Eagle Key Basin
25 Terrapin Bay 52 Steamboat Channel Basin
26 End Key Basin 53 Arsenicker Keys Basin
27 Calusa Keys Basin 54 Sid Key Basin
28 Spy Key Basin 55 Pelican Keys Basin
29 Porpoise Lake 56 Blue Bank Basin
30 Lignumvitae Basin 57 First National Bank
31 Long Key Basin 58 Sandy Key Basin

The basic unit for applying mass balance constraints in FATHOM is the individual basin. The model
requires the volume and depth-area distribution for each basin in Florida Bay. Exchange of mass between

basins in FATHOM is a function of friction controlled flow over the shoals separating the basins. In order
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to solve Manning's equation for velocity of flow, the depth of the flow must be known. Manning's equation
is solved in FATHOM for discrete depth classes. Given the calculated velocity in each depth class, the
volume flow is derived from the cross sectional area of the shoal (the length in each depth class). The
model requires the depth-length distribution of each shoal in Florida Bay. Given a map (or GIS layer) of
elevations (depths) in the bay that has sufficient resolution, the area (or number of pixels) in discrete depth
classes within each of the FATHOM basins can be calculated, as can the length (or number of pixels) along
each line segment in each depth class.
There is, however, no official bathymetric map or GIS elevation overlay available for Florida Bay.

The depth distribution data used to provide bathymetric information for FATHOM applications to Florida
Bay were derived from two independent datasets describing the bathymetry of Florida bay:

1) the ENP-FIU dataset; and

2) the SFWMD-USGS dataset.
The construction of each of these datasets is first described, followed by a description of the protocol used

to combine the two independent sources into a single bathymetry dataset for use in FATHOM.

A.2. The ENP-FIU bathymetric data

The ENP-FIU dataset was constructed in the 1990’s primarily from interpretation of NOAA charts,
USGS quad maps, and satellite images for Florida Bay. The interpretation procedures were ad hoc and
were a joint effort of scientists at the Everglades National park (ENP) and Florida International University
(FIU). The ENP-FIU dataset evolved over a number of years with two versions implemented in FATHOM.

The first (original) version of the ENP-FIU bathymetry dataset that was implemented in FATHOM
was completed in 1994 and defined 41 FATHOM basins. This bathymetry dataset formed the basis of
FATHOM versions 1.0 (released in 1994) up to and including version 5.01 (released in 1998). Cosby et al.
(1999) give details of this original ENP-FIU bathymetry dataset in Appendix A of their report.

The second version of the ENP-FIU bathymetry dataset that was implemented in FATHOM was
completed in 1999 and defined 43 basins. This updated ENP-FIU bathymetry dataset formed the basis of
FATHOM versions 5.05 (released in 1999) up to and including version 5.50 (released in 2005). Cosby et al.
(2004) and Marshall et al., (2005) give details of this bathymetry dataset in Appendix A of their reports.

The latest version of the ENP-FIU database is described in this report and defines 54 basins in Florida
Bay. This higher resolution of basins is described below and is used in version 5.80 through the current
version 6.10 of the model. (Addendum 2 to this appendix provides details of FATHOM version numbers
and the default bathymetry included in each version of the model). The spatial arrangement of the 54 basins
in the current configuration is shown in Figure A-1.

The original and all subsequently updated ENP-FIU bathymetry datasets relied on existing published
material (Figure A-3). NOAA charts were used to develop GIS overlays of depth soundings, depth contours
of basins, and surface contours of shoal locations. Similar overlays showing islands and shallow banks

were digitized from USGS quad maps for the region. Satellite imagery, aerial photography and personal
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experience navigating on the bay were used to refine the locations of small but important features such as
cuts and channels. The GIS overlays were digitized directly from the NOAA charts, USGS quads or

annotated images and photos.

Figure A-3 Examples of NOAA and USGS chart and map data sources used to construct the arrangement
of the FATHOM model basins and to provide the bathymetric data for the model.
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The data digitized from the charts and photos were entered into a GIS database that classified every 20
by 20 meter rectangle in the bay (the pixel resolution selected for the data) as belonging to one of 11
classes: land surface and 10 depth classes. The depth classes in FATHOM cover the range from 0 to 10
feet in one-foot increments. Areas deeper than 10 feet occur locally in the bay, but (based on these data)
such areas are not extensive and occur infrequently. When areas deeper than 10 ft did occur, they were
included in the 10 foot category (with adjustments to preserve the total volumes of basins and the total

cross-section areas of shoals).

A.3. The SFWMD-USGS bathymetric data

Later versions of FATHOM have also included spatially extrapolated depth data derived from the U.S.
Geological Survey’s boat-track bathymetric survey (Figure A-4) of Florida Bay completed in 1999 using
SANDS technology (System for Accurate Near-shore Depth Surveying; Hansen and DeWitt, 2000).

i
‘i

Figure A-4  The boat track-lines of the USGS SANDS bathymetric survey of Florida Bay.

However, the USGS boat-track data did not provide coverage of all of Florida Bay. There were
missing data in areas of the Bay that were too shallow for the survey boat which had a draft of two feet. In
addition, the survey did not include areas east of the Route 1 causeway (Figure A-4).

In 2004, the staff at the South Florida Water management District (SFWMD) used a variety of

elevation datasets for Florida Bay and surrounding water bodies, as well as mainland and island areas, to
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compile a database with the most updated information that could be used to prepare a Bathymetric map for
Florida Bay. Datasets included:
e USGS High Resolution Bathymetric Survey of Florida Bay
(http://sofia.usgs.gov/projects/bathymetry/)
e NOAA GEODAS Survey Database for Barnes Sound (Survey 4H05542 HYD9303F11484,
entered into geodas 12/31/1979, referenced to MLW)
e ACOE LIDAR of Eastern Dade County (processed in 2003, referenced to NAVD 88, feet).

e USGS high accuracy elevation survey of the Everglades (http://sofia.usgs.gov/projects/elev_data/).

In addition, SFWMD staff digitized areas with missing elevation data, including bank and land areas,
and channel cuts not surveyed by any of the above sources. The elevations for these un-surveyed areas
were estimated from surrounding data measurements and from photo interpretation of recent USGS-DOQQ

and DOT images. A buffer was applied to the dataset to remove “stair steps” in the final surface.

The datasets above were combined by the following steps undertaken in ArcGIS:

(1) Convert all point data to common horizontal (FL East NAD83 Harn Feet) and vertical (NAVD88)
datums, using referenced benchmarks where available
(http://140.90.78.170/benchmarks/8723534.html).

(2) Merge points into 1 dataset and create a triangulated irregular network (TIN) surface from these

points.

(3) Add estimated data for un-surveyed banks and land areas (polygons) and channels (lines) to TIN
surface.

(4) Convert the TIN surface to a raster grid surface with 50 foot cells.

The raster grid data resulting from the combined datasets were converted into a format usable by FATHOM
(i.e., the depth distribution of the basins and banks shown as polygons in Figure A.-2) by the following
steps in ArcView 3.2:
(1) Change the vertical reference point of the grid from NAVD88 to MSL, using elevations for the Key
West benchmark station (http://co-ops.nos.noaa.gov/benchmarks/8724580.html); do this by adding
0.869 ft (0.265 meters) to the NAVD88 grid with the Map Calculator function.

(2) Symbolize the converted grid to show 1 foot elevation classes.

(3) Add themes for FATHOM basins (polygon shapefile) and shoals (line shapefile) to the view.

(4) Perform Histogram by Zone analysis of the converted grid (represented in 1 foot elevation classes)
for Shoals and Basins themes (respectively); this analysis calculates the number of grid cells
within each elevation class for each Shoal and Basin, and outputs a temporary .dbf file with these
data.

(5) Convert .dbf file in MS Excel into format usable by FATHOM.
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The output of these procedures was the SFWMD-USGS bathymetry dataset consisting of a grid of
elevations in Florida Bay with a 50 ft by 50 ft resolution. The vertical resolution was 1 foot. (The ENP-FIU

elevation surface was on a 20 m by 20 m grid with a vertical resolution of 1 foot).

A.4. The combined ENP-FIU and SFWMD-USGS (Hybrid) bathymetric data

There are advantages and concerns related to both the ENP-FIU bathymetric data and the SFWMD-
USGS bathymetric data. The ENP-FIU data were derived from charts and maps that are many years old.
There is no information available documenting the intensity of the sounding data used to construct the
charts. In that ENP-FIU source documents (the charts and maps) were primarily constructed for navigation
purposes, it could be assumed that attention to detail was probably greatest in the shallow areas and along
the banks (i.e. areas that were a hazard to navigation). In that the ENP-FIU output dataset was constructed
“by hand” from a number of sources, by researchers with long experience on the bay, and with the
knowledge that the dataset was intended for use in FATHOM (where bathymetry of shallow areas is
critical), it could likewise be assumed that the shallow areas around the banks and shoals were perhaps
better represented than the deeper areas of the bay. In general, the ENP-FIU data were considered more
reliable in shallow areas.

The SFWMD-USGS bathymetric data were based on a recent high resolution boat survey of
Florida bay undertaken by the USGS. The draft of the boat was approximately 21 inches which allowed
survey coverage of large areas of Florida Bay. There were, of course, areas that were too shallow for boat
coverage. Elevations in the shallow areas were interpolated from ancillary datasets with minimal human
interpretation. Inspection of the output of SFWMD procedures led to some concern about the accuracy of
the estimated elevations of the un-surveyed areas. In particular, the interpolated depths on the western
banks (and other places) were frequently estimated to be deeper than 21 inches, yet the USGS boat did not
survey these areas presumably because the depths were less than 21 inches. In general, the SFWMD-USGS
dataset was considered very reliable for areas deeper than 21 inches, but suspect in shallower regions.

It is desirable that as much as possible of the bathymetry dataset used for FATHOM should be based
on the recent USGS High Resolution Bathymetric Survey of Florida Bay. However, until the issues
concerning the interpolation of shallow areas in the SFWMD-USGS dataset can be resolved, either through
better estimation techniques or with real data for these non-navigable areas (e.g., LIDAR data), it was
determined that a combination of the ENP-FIU and the SFWMD-USGS bathymetry datasets would be most
appropriate for use in FATHOM.

Accordingly, a protocol (described below) was developed for combining the two datasets in an
objective and repeatable manner. The protocol is based on the premise that the FATHOM model should
use the ENP-FIU depth estimations for those basins and shoals that contained little actual USGS survey

coverage, while the basins and shoals with extensive coverage by the USGS should rely on the SFWMD-
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USGS dataset. Marshall et al. (2005) used a similar protocol to combine the ENP-FIU and SFWMD-USGS
datasets for the earlier 43 basin version of FATHOM (Version 5.50; see addendum 2 to this appendix).

The combined ENP-FIU and SFWMD-USGS dataset presented in this report is referred to as the
“Hybrid ENP-USGS (2009)” dataset. The two datasets were combined using the following rules.

Basin Bathymetry

The SFWMD-USGS bathymetry was used for all basins with USGS boat track coverage greater
than 50%. An analysis of the USGS boat track data (Figure A-4) by SFWMD identified 11 basins with boat
track coverage less than 50%. In addition, the USGS High Resolution Survey did not cover areas east of the
Route 1 causeway, adding an additional 2 basins to those having boat track coverage less than 50%. Thus,
13 of the FATHOM basins (Figure A-5) used the ENP-FIU bathymetry. These 13 basins cover 21% of the
wet area in the bay. The remaining 41 FATHOM basins (Figure A-5) used the SFWMD-USGS bathymetry.

These 41 basins cover 79% of the wet area in the bay.

Shoal Bathymetry

The ENP-FIU bathymetry data was used for all shoals surrounding the 13 basins that were assigned to
the ENP-FIU dataset (Figure A-5). Line segments representing land only (as along the northern boundary
with the Everglades or along large sections of the keys) could have come from either dataset because all
depths in these segments are zero. These lines (shoals) were assigned to the ENP-FIU database. For the
remainder of the shoals, the SFWMD-USGS bathymetry data were used. Using these criteria, 32% of the
wet length of shoals in the model draws depth data from the ENP-FIU database, with the remaining 68% of
wet length based on the SFWMD-USGS database.

Figure A-5 Combination of bathymetry datasets for FATHOM basins. The 13 basins identified by the
SFWMD GIS analysis as containing less than 50% coverage with USGS boat-tracks are
shaded. Bathymetry data for these basins were taken from the ENP-FIU database. The
bathymetry data for the remaining 41 basins were taken from the SFWMD-USGS database.
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A.5. Characteristics of the Hybrid ENP-USGS dataset

The area within the FATHOM boundaries for Florida Bay is 1915 km? (Figure A-6, Table A-2). Of
that area, 165 km? (9% of total) is dry land (mainland coastline, keys, and islands). The average depth of
water (volume/area) is 1.6 meters in the 1750 km? of wet area within the model boundary. The distribution
of areas among the depth classes is roughly bimodal. About 23% of the wet area has a depth less than 2
feet, and about 60% of the wet area has a depth less than 6 feet. Only about 6% of the wet area of the bay

has depth greater than 9 feet. Depth-area data for all basins are given in detail in Table A-4.
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Figure A-6  The distribution of surface areas in Florida Bay. The first three bars give total, land and water
areas in the bay (left axis). The remaining bars give percentages of wet area in the bay that
fall into each depth class (right axis). Depth classes are in feet. (Bathymetric data from the
Hybrid ENP-USGS dataset; 2009)

Table A-2  Summary of bathymetric data for the 54 basins used in FATHOM for Florida Bay
(Bathymetric data from the Hybrid ENP-USGS dataset; 2009)

Total Percentage of water area in each depth class

area | Land area | Water area (range of depth in feet)

(km2) | (km2) | (%) | (km2) | (%) | 0-1 | 0-2 |0-3| 0-4 | 0-5 | 06 | 0O-7 | 0-8 | 0-9 | 0-10
Ave 36 3 12| 32 88| 18 8 7 11 12 13 15 9 3 2
Basin
Max
Basin 138 16 53| 134 100| 99 38 37 54 72 66 54 51 26 60
Min| g 0o 0| 3 47/0 1 0 0O 0O 0O O 0 0 0
Basin
W?;; 1915 | 165 9 | 1750 91| 15 8 5 7 10 14 16 12 6 6
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The total length of the shoals defined for FATHOM (the line segments tracing the locations of the
shallow banks) is 791 km (Figure A-7, Table A-3). Along the boundaries, the line segments follow the
mainland coastline and the keys, and in the interior of the bay the lines traverse or connect islands.
Therefore about 348 km of the "shoals" defined for FATHOM are dry land (no-flow boundaries). About
58% of the wetted length of the shoals is shallower than 2 feet. A small proportion of the 16% of shoal
length with depth greater than 6 feet represents cuts and channels through the shoals. The majority of these
deeper shoals are generally located in the western and southwestern part of the bay and were defined as
shoals to separate the basins from each other and from the Gulf of Mexico in that region. The depth-area
data for all shoals in FATHOM are given in detail in Table A-5.
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Figure A-7 The distribution of depths along the shoals defined for FATHOM applied to Florida Bay.
The first three bars give total, wet and dry lengths along the shoals (left axis). The remaining
bars give percentages of wet length that fall into each depth class (right axis). (Bathymetric
data from the Hybrid ENP-USGS dataset; 2009)

Table A-3  Summary of bathymetric data for the 410 shoals used in FATHOM for Florida Bay.
(Bathymetric data from the Hybrid ENP-USGS dataset; 2009)

Total Percentage of wet length in each depth class
Length| Dry Length | Wet Length (range of depth in feet)
(km) | (km) | (%) | (km) |(%)| 0-1 | 0-2 |0-3| 0-4 | 05 | 06 | 0-7 | 0-8 | 0-9 | 0-10
Avel 193 | 85 50| 108 503 15 6 3 4 3 2 1 1 1
Shoal
S';]AOZ): 108 | 82 100| 10.8 100| 100 100 100 79 100 80 85 54 100 100
Minl | o olo o|lo0o o o o o 0 o0 0 o0 0
Shoal
W?:;; 791 | 348 44| 443 56| 42 16 8 4 7 6 6 3 1 6
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Bathymetric data for each of the 54 basins used in FATHOM version 6.10 for Florida Bay

(Hybrid ENP-USGS Bathymetric data, 2009)

Table A-4
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Table A-5

Bathymetric data for each of the 410 shoals used in FATHOM version 6.10 for Florida Bay
(Hybrid ENP-USGS Bathymetric data, 2009)

(B1 and B2 are the numbers of the basins on either side of a shoal)

Shoal Length Dry Length Wet Length Percentage of wet length by depth class (range of depth in feet)
Number Bl B2 (km) (km) (%) (km) (%) 0-1 02 03 04 05 06 07 08 09 o010

6 1 42 2.0 2.0 100 0.0 0

7 1 42 29 29 100 0.0 0

8 1 42 38 38 100 0.0 0

9 1 42 7.8 7.8 100 0.0 0

10 1 42 2.7 2.7 100 0.0 0

11 41 42 0.9 0.7 78 0.2 22 100 0 0 0 0 0 0 0 0 0
12 41 42 13 0.1 4 12 96 80 7 13 0 0 0 0 0 0 0
13 41 42 14 0.0 0 14 100 84 0 16 0 0 0 0 0 0 0
14 40 42 25 0.2 9 2.2 91 93 0 7 0 0 0 0 0 0 0
15 40 42 2.8 0.7 26 2.0 74 100 0 0 0 0 0 0 0 0 0
16 40 42 39 0.5 14 34 86 86 1 4 1 5 2 0 0 0 0
17 39 42 45 0.0 0 45 100 81 0 0 0 0 0 19 0 0 0
18 39 57 35 0.0 0 35 100 100 0 0 0 0 0 0 0 0 0
19 43 57 6.3 0.0 0 6.3 100 96 4 0 0 0 0 0 0 0 0
20 57 58 7.3 04 6 6.9 94 81 1 2 1 4 7 4 0 0 0
21 43 58 3.6 0.0 0 3.6 100 0 0 2 2 5 18 45 8 2 17
22 2 58 7.2 0.0 0 7.2 100 0 0 0 0 0 0 0 9 23 68
23 2 42 37 0.2 5 3.6 95 0 1 0 0 1 0 0 1 0 98
24 1 41 19 19 100 0.0 0

25 1 41 3.6 3.6 100 0.0 0

26 1 41 33 33 100 0.0 0

27 37 41 24 04 15 21 85 100 0 0 0 0 0 0 0 0 0
28 37 41 2.7 0.0 0 2.7 100 100 0 0 0 0 0 0 0 0 0
29 37 41 2.8 0.2 6 2.6 94 95 0 5 0 0 0 0 0 0 0
30 41 44 24 0.6 25 18 75 100 0 0 0 0 0 0 0 0 0
31 40 41 4.0 0.7 17 33 83 100 0 0 0 0 0 0 0 0 0
32 40 44 3.0 0.1 4 29 96 77 23 0 0 0 0 0 0 0 0
33 40 55 39 0.0 0 39 100 100 0 0 0 0 0 0 0 0 0
34 39 40 74 0.0 0 74 100 99 0 0 0 0 0 1 0 0 0
35 39 55 41 0.0 0 41 100 100 0 0 0 0 0 0 0 0 0
36 38 39 2.0 0.0 0 2.0 100 90 10 0 0 0 0 0 0 0 0
37 39 56 2.8 0.0 0 2.8 100 93 0 1 0 0 1 6 0 0 0
38 38 56 5.2 0.0 0 5.2 100 2 49 21 11 14 0 1 1 1 1
39 38 43 9.7 0.3 3 9.4 97 11 34 27 8 9 4 0 1 1 4
40 38 53 2.0 0.0 1 2.0 99 1 39 58 0 1 0 0 0 0 0
41 32 38 6.6 0.0 0 6.6 100 4 35 51 8 1 0 0 0 0 0
42 38 54 33 0.5 15 2.8 85 91 0 0 0 0 0 9 0 0 0
43 38 55 37 0.0 0 37 100 84 0 1 2 0 0 13 0 0 0
44 38 55 2.6 0.0 0 2.6 100 100 0 0 0 0 0 0 0 0 0
45 2 43 10.8 0.0 0 10.8 100 0 0 0 0 0 0 5 14 15 65
46 31 43 8.0 0.0 0 8.0 100 0 0 1 18 38 34 8 0 0 0
47 43 53 0.8 0.0 0 0.8 100 0 31 65 4 0 0 0 0 0 0
48 32 53 25 0.0 0 25 100 4 48 40 8 0 0 0 0 0 0
49 30 32 13 0.0 0 13 100 2 45 50 2 0 0 0 0 0 0
50 30 53 13 0.0 0 13 100 2 58 40 0 0 0 0 0 0 0
51 30 53 11 0.0 0 11 100 0 81 19 0 0 0 0 0 0 0
52 30 31 0.9 0.1 11 0.8 89 8 79 13 0 0 0 0 0 0 0
53 30 31 13 0.1 9 12 91 29 71 0 0 0 0 0 0 0 0
54 30 31 14 0.0 0 14 100 6 50 23 19 2 0 0 0 0 0
55 30 31 0.8 0.0 0 0.8 100 12 60 28 0 0 0 0 0 0 0
56 30 31 0.6 0.0 0 0.6 100 17 44 33 6 0 0 0 0 0 0
57 30 31 0.7 0.0 0 0.7 100 5 45 27 9 9 5 0 0 0 0
58 30 31 24 0.2 6 23 94 59 24 10 3 2 2 0 0 0 0
59 30 31 0.8 0.0 0 0.8 100 20 60 20 0 0 0 0 0 0 0
60 30 31 23 0.5 19 19 81 35 61 4 0 0 0 0 0 0 0
61 3 31 25 25 100 0.0 0

62 3 31 16 16 100 0.0 0

63 3 31 43 33 77 1.0 23 15 4 4 4 11 0 4 0 15 44
64 3 31 25 11 42 15 58 2 0 2 2 2 2 0 4 10 75
65 3 31 12 0.8 68 04 32 25 42 8 17 8 0 0 0 0 0
66 3 31 29 29 100 0.0 0

67 3 31 15 15 100 0.0 0

68 3 31 2.2 2.2 100 0.0 0

70 2 31 85 0.1 2 8.3 98 0 0 0 0 1 12 13 47 21 5
71 30 32 37 0.0 0 37 100 2 64 30 1 1 0 0 0 0 1
72 30 32 2.9 0.0 1 2.9 99 9 67 20 2 0 0 0 0 1 0
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Table A-5 (cont.)

Bathymetric data for each of the 410 shoals used in FATHOM version 6.10 for Florida Bay

(Hybrid ENP-USGS Bathymetric data, 2009)
(B1 and B2 are the numbers of the basins on either side of a shoal)

Shoal Length Dry Length Wet Length Percentage of wet length by depth class (range of depth in feet)
Number Bl B2 (km) (km) (%) (km) (%) 0-1 02 03 04 05 06 07 08 09 o010

73 28 32 2.7 0.6 23 2.108 7 3 43 54 0 0 0 0 0 0 0
74 28 30 2.6 1.0 39 1.559 61 13 60 25 2 0 0 0 0 0 0
75 32 33 16 0.0 0 1.635 100 93 0 0 0 0 0 7 0 0 0
76 32 33 1.8 0.0 0 1.822 100 100 0 0 0 0 0 0 0 0 0
77 33 54 0.7 0.0 0 0.652 100 100 0 0 0 0 0 0 0 0 0
78 33 54 17 0.0 0 1.688 100 100 0 0 0 0 0 0 0 0 0
79 44 54 17 0.0 0 1.676 100 100 0 0 0 0 0 0 0 0 0
80 44 54 13 0.1 7 1.222 93 100 0 0 0 0 0 0 0 0 0
81 44 54 3.0 0.0 0 3.021 100 86 14 0 0 0 0 0 0 0 0
82 54 55 17 0.0 0 1.670 100 100 0 0 0 0 0 0 0 0 0
83 54 55 2.2 0.0 0 2.217 100 94 0 1 0 0 1 4 0 0 0
84 33 44 0.8 0.0 0 0.795 100 100 0 0 0 0 0 0 0 0 0
85 33 44 0.6 0.0 0 0.597 100 62 38 0 0 0 0 0 0 0 0
86 33 44 0.3 0.0 0 0.332 100 100 0 0 0 0 0 0 0 0 0
87 33 34 0.7 0.0 0 0.721 100 100 0 0 0 0 0 0 0 0 0
88 33 34 2.2 0.3 13 1.936 87 84 16 0 0 0 0 0 0 0 0
89 28 33 04 0.0 0 0.444 100 100 0 0 0 0 0 0 0 0 0
90 28 33 0.8 0.0 0 0.799 100 100 0 0 0 0 0 0 0 0 0
91 28 33 19 0.2 10 1721 90 92 0 0 1 0 0 7 0 0 0
92 34 44 2.6 0.7 26 1971 74 100 0 0 0 0 0 0 0 0 0
93 34 44 1.0 0.0 0 1.035 100 100 0 0 0 0 0 0 0 0 0
94 34 44 25 0.3 14 2.180 86 83 18 0 0 0 0 0 0 0 0
95 37 44 13 0.3 23 1.022 7 100 0 0 0 0 0 0 0 0 0
96 37 44 19 0.0 0 1.921 100 100 0 0 0 0 0 0 0 0 0
97 37 44 0.7 0.3 35 0.486 65 100 0 0 0 0 0 0 0 0 0
98 37 44 12 0.1 4 1.153 96 100 0 0 0 0 0 0 0 0 0
99 37 44 12 0.5 41 0.718 59 100 0 0 0 0 0 0 0 0 0
100 34 37 31 0.3 11 2.767 89 92 8 0 0 0 0 0 0 0 0
101 34 35 33 0.0 1 3.236 99 7 7 4 31 50 1 0 0 0 0
102 34 35 0.9 0.0 0 0.895 100 15 69 15 0 0 0 0 0 0 0
103 34 35 15 0.1 9 1.402 91 10 42 48 0 0 0 0 0 0 0
104 26 34 23 0.8 35 1.479 65 14 56 28 2 0 0 0 0 0 0
105 27 34 2.0 0.3 15 1.701 85 48 43 9 0 0 0 0 0 0 0
106 27 34 0.8 0.1 9 0.748 91 43 57 0 0 0 0 0 0 0 0
107 27 34 0.3 0.0 0 0.334 100 33 67 0 0 0 0 0 0 0 0
108 27 34 0.6 0.0 0 0.640 100 14 81 5 0 0 0 0 0 0 0
109 27 34 13 0.0 0 1.346 100 5 65 28 0 3 0 0 0 0 0
110 27 34 0.4 0.0 0 0.404 100 14 86 0 0 0 0 0 0 0 0
111 27 34 04 0.0 0 0.392 100 17 75 8 0 0 0 0 0 0 0
112 27 28 33 0.0 1 3.279 99 13 35 15 15 5 15 1 0 0 0
113 27 28 0.8 0.2 26 0.590 74 50 45 5 0 0 0 0 0 0 0
114 27 28 13 0.2 13 1.095 88 94 6 0 0 0 0 0 0 0 0
115 28 29 13 0.2 18 1.064 82 13 52 32 0 3 0 0 0 0 0
116 28 29 1.8 0.1 7 1.657 93 19 67 13 0 0 0 0 0 0 0
117 29 30 0.9 0.0 0 0.919 100 21 54 25 0 0 0 0 0 0 0
118 29 30 14 0.1 7 1.268 93 40 40 18 3 0 0 0 0 0 0
119 29 30 1.0 0.0 0 1.027 100 25 53 22 0 0 0 0 0 0 0
120 26 27 21 0.0 0 2.100 100 7 40 38 14 2 0 0 0 0 0
121 26 27 0.8 0.0 3 0.816 97 14 64 21 0 0 0 0 0 0 0
122 26 35 23 0.1 6 2.192 94 20 26 6 8 20 20 0 0 0 0
123 26 35 1.8 0.0 0 1.814 100 17 79 4 0 0 0 0 0 0 0
124 26 35 23 0.6 26 1.727 74 12 82 5 0 0 0 0 0 0 0
125 25 35 13 13 100 0.000 0

126 1 35 23 23 100 0.000 0

127 1 35 16 16 100 0.000 0

128 35 36 1.8 18 100 0.000 0

129 35 36 2.6 12 48 1.341 52 76 24 0 0 0 0 0 0 0 0
130 35 37 13 0.3 25 0.944 75 100 0 0 0 0 0 0 0 0 0
131 35 37 1.0 0.0 0 1.043 100 92 0 0 4 0 0 4 0 0 0
132 36 37 15 0.7 50 0.754 50 100 0 0 0 0 0 0 0 0 0
133 36 37 29 21 72 0.815 28 88 12 0 0 0 0 0 0 0 0
134 36 37 13 13 100 0.000 0

135 1 36 19 19 100 0.000 0

136 1 37 14 14 100 0.000 0

137 1 37 19 19 100 0.000 0

138 1 37 0.7 0.7 100 0.000 0
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Table A-5 (cont.)

Bathymetric data for each of the 410 shoals used in FATHOM version 6.10 for Florida Bay

(Hybrid ENP-USGS Bathymetric data, 2009)
(B1 and B2 are the numbers of the basins on either side of a shoal)

Shoal Length Dry Length Wet Length Percentage of wet length by depth class (range of depth in feet)
Number Bl B2 (km) (km) (%) (km) (%) 0-1 02 03 04 05 06 07 08 09 o010
139 1 37 16 16 100 0.0 0
140 1 37 14 14 100 0.0 0
141 1 37 2.2 2.2 100 0.0 0
142 1 25 17 17 100 0.0 0
143 1 25 21 21 100 0.0 0
144 1 25 29 29 100 0.0 0
145 24 25 16 0.7 42 1.0 58 100 0 0 0 0 0 0 0 0 0
146 25 26 15 0.5 35 1.0 65 35 65 0 0 0 0 0 0 0 0
147 25 26 1.0 1.0 100 0.0 0
148 24 26 15 14 95 0.1 5 0 50 0 50 0 0 0 0 0 0
149 1 24 18 18 100 0.0 0
150 1 24 23 23 100 0.0 0
151 1 24 3.0 3.0 100 0.0 0
152 15 24 21 21 100 0.0 0
153 23 24 0.7 0.7 100 0.0 0
154 23 24 24 18 75 0.6 25 47 37 11 5 0 0 0 0 0 0
155 23 24 04 0.0 8 04 92 55 45 0 0 0 0 0 0 0 0
156 23 24 17 0.3 15 14 85 22 31 44 2 0 0 0 0 0 0
157 23 26 3.6 1.0 29 2.6 71 38 54 8 0 0 0 0 0 0 0
158 23 26 0.5 0.0 6 0.5 94 25 63 13 0 0 0 0 0 0 0
159 22 23 23 13 54 11 46 31 25 9 16 19 0 0 0 0 0
160 22 23 19 0.6 30 14 70 20 7 7 7 59 0 0 0 0 0
161 22 23 0.6 0.6 100 0.0 0
162 23 48 2.2 2.2 100 0.0 0
163 15 23 18 18 100 0.0 0
164 15 23 0.7 0.7 100 0.0 0
165 15 23 0.5 0.2 44 0.3 56 100 0 0 0 0 0 0 0 0 0
166 15 23 17 13 78 04 22 100 0 0 0 0 0 0 0 0 0
167 1 15 0.8 0.8 100 0.0 0
168 1 14 16 16 100 0.0 0
169 1 14 0.7 0.7 100 0.0 0
170 1 14 21 21 100 0.0 0
171 1 14 17 17 100 0.0 0
172 1 14 04 04 100 0.0 0
173 1 14 3.0 3.0 100 0.0 0
174 1 14 13 13 100 0.0 0
175 14 51 12 12 100 0.0 0
176 14 51 12 12 100 0.0 0
177 14 51 0.9 0.9 100 0.0 0
178 14 51 0.5 0.5 100 0.0 0
179 14 15 24 11 45 13 55 11 33 20 36 0 0 0 0 0 0
180 14 15 0.8 0.8 100 0.0 0
181 15 51 12 0.8 71 0.3 29 91 9 0 0 0 0 0 0 0 0
182 15 51 2.2 2.2 98 0.0 2 0 100 0 0 0 0 0 0 0 0
183 15 51 0.7 0.0 5 0.6 95 38 57 5 0 0 0 0 0 0 0
184 15 51 0.6 0.3 63 0.2 37 43 57 0 0 0 0 0 0 0 0
185 15 51 12 11 90 0.1 10 50 50 0 0 0 0 0 0 0 0
186 15 51 0.3 0.0 0 0.3 100 30 70 0 0 0 0 0 0 0 0
187 15 51 0.7 0.2 26 0.5 74 65 24 12 0 0 0 0 0 0 0
188 15 51 04 04 100 0.0 0
189 12 15 04 04 100 0.0 0
190 12 15 04 04 100 0.0 0
191 12 15 16 1.0 64 0.6 36 40 47 13 0 0 0 0 0 0 0
192 12 15 0.6 0.6 100 0.0 0
193 12 15 19 0.9 46 1.0 54 17 6 6 11 60 0 0 0 0 0
194 46 48 49 0.6 13 43 87 1 1 2 1 2 6 59 27 0 0
195 16 48 11 0.5 44 0.6 56 65 25 5 5 0 0 0 0 0 0
196 16 48 14 11 80 0.3 20 75 25 0 0 0 0 0 0 0 0
197 16 48 0.5 0.5 100 0.0 0
198 19 48 12 0.8 65 04 35 58 33 8 0 0 0 0 0 0 0
199 19 48 0.5 04 82 0.1 18 100 0 0 0 0 0 0 0 0 0
200 19 48 13 0.7 56 0.6 44 58 37 5 0 0 0 0 0 0 0
201 19 48 12 0.1 5 11 95 65 35 0 0 0 0 0 0 0 0
202 19 48 1.8 1.8 98 0.0 2 100 0 0 0 0 0 0 0 0 0
203 19 48 04 04 100 0.0 0
204 19 48 0.8 0.6 7 0.2 23 83 17 0 0 0 0 0 0 0 0
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Table A-5 (cont.)

Bathymetric data for each of the 410 shoals used in FATHOM version 6.10 for Florida Bay

(Hybrid ENP-USGS Bathymetric data, 2009)
(B1 and B2 are the numbers of the basins on either side of a shoal)

Shoal Length Dry Length Wet Length Percentage of wet length by depth class (range of depth in feet)
Number Bl B2 (km) (km) (%) (km) (%) 0-1 02 03 04 05 06 07 08 09 o010
205 19 48 1 04 30 1.0 70 31 43 20 6 0 0 0 0 0 0
206 19 48 1 04 71 0.2 29 50 25 0 25 0 0 0 0 0 0
207 22 48 1 12 97 0.0 3 0 100 0 0 0 0 0 0 0 0
208 22 48 2 2.0 86 0.3 14 100 0 0 0 0 0 0 0 0 0

209 22 48 1 0.7 100 0.0 0

210 19 22 1 0.5 82 0.1 18 100 0 0 0 0 0 0 0 0 0
211 19 22 1 0.3 28 0.8 72 27 46 12 15 0 0 0 0 0 0
212 19 22 1 0.8 74 0.3 26 78 11 11 0 0 0 0 0 0 0
213 19 22 1 0.2 14 11 86 51 32 14 0 0 0 0 3 0 0
214 19 22 0 04 100 0.0 0

215 19 22 1 0.6 76 0.2 24 86 14 0 0 0 0 0 0 0 0
216 21 22 2 0.9 56 0.7 44 91 9 0 0 0 0 0 0 0 0
217 21 22 2 0.8 49 0.8 51 87 13 0 0 0 0 0 0 0 0
218 22 29 1 11 83 0.2 18 86 0 14 0 0 0 0 0 0 0
219 22 28 2 0.3 11 2.0 89 73 27 0 0 0 0 0 0 0 0
220 22 27 4 21 50 21 50 79 20 0 0 0 0 1 0 0 0
221 22 26 1 0.1 12 1.0 88 66 34 0 0 0 0 0 0 0 0
222 28 29 1 0.0 0 0.6 100 29 41 24 6 0 0 0 0 0 0
223 28 29 1 0.0 0 0.8 100 19 50 23 8 0 0 0 0 0 0
224 21 29 1 0.2 20 1.0 80 24 55 21 0 0 0 0 0 0 0
225 21 29 0 0.0 9 0.3 91 40 60 0 0 0 0 0 0 0 0
226 21 29 2 04 21 16 79 60 23 13 2 0 2 0 0 0 0
227 29 30 2 0.1 4 23 96 25 56 17 0 1 0 0 0 0 0
228 21 30 0 0.0 13 0.2 88 57 43 0 0 0 0 0 0 0 0
229 21 30 1 0.1 21 04 79 67 33 0 0 0 0 0 0 0 0
230 21 30 2 0.9 41 14 59 77 17 6 0 0 0 0 0 0 0
231 20 30 1 0.0 3 13 97 36 52 12 0 0 0 0 0 0 0
232 30 52 2 0.0 0 2.0 100 6 43 25 16 6 2 2 0 0 0
233 30 52 3 0.1 5 2.8 95 23 58 18 0 0 0 0 1 0 0
234 30 52 1 0.2 20 0.6 80 50 44 6 0 0 0 0 0 0 0
235 30 52 2 0.3 18 16 82 43 47 10 0 0 0 0 0 0 0
236 30 52 2 0.7 35 12 65 6 67 25 3 0 0 0 0 0 0
237 3 30 4 29 74 1.0 26 7 7 13 20 17 7 7 17 0 7
238 20 21 0 0.1 45 0.2 55 50 50 0 0 0 0 0 0 0 0
239 3 31 1 0.6 100 0.0 0

240 3 52 8 74 97 0.2 3 17 0 33 17 17 17 0 0 0 0
241 3 20 4 38 96 0.2 4 20 0 20 20 0 20 20 0 0 0
242 3 20 4 44 100 0.0 0

243 20 45 2 13 58 0.9 42 54 42 4 0 0 0 0 0 0 0
244 20 45 3 11 44 14 56 78 17 2 0 0 0 0 2 0 0
245 20 45 0 0.1 29 0.2 71 100 0 0 0 0 0 0 0 0 0
246 20 45 1 04 35 0.8 65 77 23 0 0 0 0 0 0 0 0
247 20 45 0 0.2 60 0.1 40 75 25 0 0 0 0 0 0 0 0
248 20 45 1 0.5 59 0.3 41 91 9 0 0 0 0 0 0 0 0
249 20 21 1 0.7 49 0.8 51 24 29 33 10 0 5 0 0 0 0
250 20 21 1 0.6 89 0.1 11 50 0 50 0 0 0 0 0 0 0
251 20 21 1 0.5 94 0.0 6 0 100 0 0 0 0 0 0 0 0
252 20 21 1 0.2 22 0.6 78 72 28 0 0 0 0 0 0 0 0
253 20 21 0 0.0 0 0.3 100 45 55 0 0 0 0 0 0 0 0
254 20 21 2 0.5 32 11 68 41 56 3 0 0 0 0 0 0 0
255 21 45 0 0.3 86 0.1 14 100 0 0 0 0 0 0 0 0 0
256 19 21 2 11 61 0.7 39 96 4 0 0 0 0 0 0 0 0
257 19 21 2 1.0 67 0.5 33 67 27 7 0 0 0 0 0 0 0
258 19 21 1 0.7 49 0.7 51 88 8 4 0 0 0 0 0 0 0
259 16 19 1 0.3 48 0.3 52 58 33 8 0 0 0 0 0 0 0
260 16 19 1 0.5 68 0.2 32 86 0 14 0 0 0 0 0 0 0
261 16 45 1 0.3 28 0.9 72 54 36 11 0 0 0 0 0 0 0
262 16 45 0 0.3 77 0.1 23 100 0 0 0 0 0 0 0 0 0
263 16 45 2 04 22 15 78 59 31 8 2 0 0 0 0 0 0
264 16 45 2 0.0 2 16 98 14 7 5 2 16 16 41 0 0 0
265 16 46 1 0.1 15 0.9 85 57 43 0 0 0 0 0 0 0 0
266 45 46 2 0.0 0 23 100 3 1 4 1 9 21 18 44 0 0
267 16 46 0 0.1 43 0.1 57 75 25 0 0 0 0 0 0 0 0
268 16 46 1 0.6 95 0.0 5 100 0 0 0 0 0 0 0 0 0
269 16 46 2 14 90 0.2 10 100 0 0 0 0 0 0 0 0 0
270 16 46 1 1.0 100 0.0 0
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Table A-5 (cont.)

Bathymetric data for each of the 410 shoals used in FATHOM version 6.10 for Florida Bay

(Hybrid ENP-USGS Bathymetric data, 2009)
(B1 and B2 are the numbers of the basins on either side of a shoal)

Shoal Length Dry Length Wet Length Percentage of wet length by depth class (range of depth in feet)
Number Bl B2 (km) (km) (%) (km) (%) 0-1 02 03 04 05 06 07 08 09 o010
271 3 45 16 16 100 0.0 0
272 3 45 2.2 21 96 0.1 4 0 33 0 0 0 33 0 33 0 0
273 3 45 12 12 100 0.0 0
274 3 45 25 25 100 0.0 0
275 17 45 12 0.8 61 0.5 39 63 25 13 0 0 0 0 0 0 0
276 17 46 0.5 0.0 8 04 92 17 42 42 0 0 0 0 0 0 0
277 17 46 12 0.2 15 11 85 6 11 6 14 34 29 0 0 0 0
278 17 46 24 0.2 7 2.2 93 0 2 0 0 0 14 30 54 0 0
279 17 49 1.0 0.1 10 0.9 90 30 11 0 11 15 33 0 0 0 0
280 17 49 0.5 0.1 23 04 77 20 0 80 0 0 0 0 0 0 0
281 17 49 12 0.6 51 0.6 49 5 21 42 32 0 0 0 0 0 0
282 17 49 04 04 100 0.0 0
283 17 49 04 04 91 0.0 9 100 0 0 0 0 0 0 0 0 0
284 17 49 0.3 0.3 100 0.0 0
285 18 49 11 11 100 0.0 0
286 17 18 11 0.8 81 0.2 19 14 14 14 14 14 14 0 0 14 0
287 17 18 14 14 100 0.0 0
288 3 17 5.7 5.7 100 0.0 0
289 3 18 3.2 32 100 0.0 0
290 3 18 16 16 100 0.0 0
291 10 18 23 23 100 0.0 0
292 10 18 0.5 0.5 89 0.1 11 0 50 0 0 0 0 0 0 50 0
293 11 18 16 15 91 0.1 9 0 0 75 25 0 0 0 0 0 0
294 18 49 2.2 0.2 7 2.0 93 0 2 2 0 2 9 85 0 0 0
295 18 49 0.9 0.9 100 0.0 0
296 18 49 04 04 100 0.0 0
297 18 49 13 0.6 51 0.6 49 0 14 19 14 48 5 0 0 0 0
298 11 47 0.3 0.3 100 0.0 0
299 11 47 0.9 0.9 100 0.0 0
300 11 47 1.0 1.0 100 0.0 0
301 10 11 04 04 100 0.0 0
302 10 11 0.6 0.2 41 0.3 59 10 10 10 0 0 30 0 40 0 0
303 10 11 04 04 100 0.0 0
304 10 11 11 11 100 0.0 0
305 9 11 16 16 100 0.0 0
306 9 11 16 16 100 0.0 0
307 9 47 2.2 2.2 100 0.0 0
308 9 10 2.8 2.7 98 0.1 2 0 0 0 0 0 0 0 0 100 0
309 3 10 2.8 2.8 100 0.0 0
310 3 9 5.9 5.9 100 0.0 0
311 5 9 19 0.7 39 11 61 86 13 1 0 0 0 0 0 0 0
312 5 9 3.0 29 97 0.1 3 67 0 0 0 0 33 0 0 0 0
313 5 9 0.8 0.8 100 0.0 0
314 5 9 1.0 1.0 100 0.0 0
315 5 8 0.9 0.8 87 0.1 13 100 0 0 0 0 0 0 0 0 0
316 8 9 2.0 18 93 0.1 7 25 25 25 0 25 0 0 0 0 0
317 9 47 19 16 84 0.3 16 80 20 0 0 0 0 0 0 0 0
318 9 47 1.8 17 95 0.1 5 0 50 50 0 0 0 0 0 0 0
319 8 47 1.0 1.0 100 0.0 0
320 8 47 3.0 3.0 100 0.0 0
321 7 8 18 14 81 0.3 19 20 0 10 40 30 0 0 0 0 0
322 7 8 2.0 2.0 99 0.0 1 100 0 0 0 0 0 0 0 0 0
323 6 8 11 0.6 55 0.5 45 100 0 0 0 0 0 0 0 0 0
324 6 8 0.6 0.6 98 0.0 2 100 0 0 0 0 0 0 0 0 0
325 5 6 16 0.9 57 0.7 43 54 6 23 17 0 0 0 0 0 0
326 5 6 1.0 0.3 27 0.7 73 67 7 9 16 0 0 0 0 0 0
327 5 6 14 0.7 48 0.7 52 22 2 41 35 0 0 0 0 0 0
328 5 6 1.0 0.9 94 0.1 6 75 25 0 0 0 0 0 0 0 0
329 5 6 12 0.9 78 0.3 22 100 0 0 0 0 0 0 0 0 0
330 5 6 0.3 0.3 95 0.0 5 100 0 0 0 0 0 0 0 0 0
331 5 6 15 14 94 0.1 6 80 20 0 0 0 0 0 0 0 0
332 5 6 17 17 100 0.0 0
333 1 6 3.6 3.6 100 0.0 0
334 1 6 17 17 100 0.0 0
335 6 7 21 11 53 1.0 47 76 4 13 7 0 0 0 0 0 0
336 1 7 12 12 100 0.0 0
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Table A-5 (cont.)

Bathymetric data for each of the 410 shoals used in FATHOM version 6.10 for Florida Bay

(Hybrid ENP-USGS Bathymetric data, 2009)
(B1 and B2 are the numbers of the basins on either side of a shoal)

Shoal Length Dry Length Wet Length Percentage of wet length by depth class (range of depth in feet)
Number Bl B2 (km) (km) (%) (km) (%) 0-1 02 03 04 05 06 07 08 09 o010

337 1 7 04 04 100 0.0 0

338 1 7 0.9 0.9 100 0.0 0

339 1 7 0.2 0.2 100 0.0 0

340 1 7 0.9 0.9 100 0.0 0

341 1 7 16 16 100 0.0 0

342 1 7 16 16 100 0.0 0

343 1 7 2.0 2.0 100 0.0 0

344 7 47 13 13 100 0.0 0

345 7 47 1.8 18 100 0.0 0

346 1 50 0.5 0.5 100 0.0 0

347 1 50 23 23 100 0.0 0

348 1 13 0.6 0.6 100 0.0 0

349 13 50 15 15 100 0.0 0

350 13 50 0.9 0.1 13 0.8 87 19 70 11 0 0 0 0 0 0 0
351 13 50 0.3 0.3 100 0.0 0

352 13 51 17 17 100 0.0 0

353 13 51 14 14 100 0.0 0

354 13 51 0.8 0.8 100 0.0 0

355 13 51 1.0 0.6 67 0.3 33 33 67 0 0 0 0 0 0 0 0
356 1 51 0.7 0.7 100 0.0 0

357 1 51 0.8 0.8 100 0.0 0

358 1 13 29 29 100 0.0 0

359 1 13 6.5 6.5 100 0.0 0

360 1 13 45 45 100 0.0 0

362 4 5 2.6 12 45 14 55 100 0 0 0 0 0 0 0 0 0
363 4 5 4.6 18 40 2.8 60 81 6 1 1 4 6 0 0 0 0
365 3 5 44 44 100 0.0 0

366 3 5 8.3 8.2 99 0.1 1 100 0 0 0 0 0 0 0 0 0
370 2 58 6.2 0.0 0 6.2 100 0 0 0 0 0 0 0 0 0 100
371 2 43 7.0 0.0 0 7.0 100 0 0 0 1 9 15 64 10 1 0
372 19 45 37 0.7 18 3.0 82 4 4 8 12 5 6 13 49 0 0
373 1 5 23 23 100 0.0 0

374 12 46 31 0.6 19 25 81 1 1 4 4 34 47 9 0 0 0
375 12 49 1.0 0.0 0 1.0 100 0 6 12 3 79 0 0 0 0 0
376 12 49 1.0 0.0 0 1.0 100 0 0 0 0 100 0 0 0 0 0
377 12 49 24 0.2 7 2.2 93 0 6 1 6 74 13 0 0 0 0
378 47 49 34 0.1 3 33 97 0 4 2 10 32 53 0 0 0 0
379 47 49 13 0.1 5 13 95 0 13 5 8 11 16 47 0 0 0
380 12 47 0.3 0.3 100 0.0 0

381 12 47 0.5 0.5 100 0.0 0

382 12 47 0.7 0.3 36 0.5 64 13 13 6 69 0 0 0 0 0 0
383 12 47 12 12 95 0.1 5 100 0 0 0 0 0 0 0 0 0
384 12 50 4.0 0.1 2 39 98 1 1 0 10 88 0 0 0 0 0
385 50 51 1.0 1.0 100 0.0 0

386 50 51 0.2 0.2 75 0.1 25 0 0 100 0 0 0 0 0 0 0
387 50 51 0.6 0.3 45 0.3 55 9 0 45 45 0 0 0 0 0 0
388 50 51 0.8 04 45 04 55 50 50 0 0 0 0 0 0 0 0
389 50 51 0.6 0.6 100 0.0 0

390 42 58 17 0.0 0 17 100 0 0 0 0 0 0 0 0 30 70
391 42 58 31 0.0 0 31 100 4 44 8 4 2 6 18 11 2 0
392 42 57 1.0 0.0 0 1.0 100 100 0 0 0 0 0 0 0 0 0
393 42 57 38 0.0 0 38 100 96 0 0 0 0 0 4 0 0 0
394 42 57 4.0 0.0 0 4.0 100 54 24 5 17 0 0 0 0 0 0
395 56 57 0.9 0.0 0 0.9 100 100 0 0 0 0 0 0 0 0 0
396 43 56 48 0.0 0 48 100 1 6 6 4 5 12 47 19 0 0
397 43 56 34 0.0 0 34 100 0 0 0 7 35 18 31 9 0 0
398 43 56 19 0.0 0 19 100 17 27 19 33 5 0 0 0 0 0
399 44 55 37 0.0 0 37 100 96 4 0 0 0 0 0 0 0 0
400 44 55 1.8 0.0 0 1.8 100 100 0 0 0 0 0 0 0 0 0
401 44 55 23 0.0 0 23 100 100 0 0 0 0 0 0 0 0 0
402 32 54 13 0.1 10 12 90 100 0 0 0 0 0 0 0 0 0
403 32 54 2.6 0.0 0 2.6 100 18 1 2 79 0 0 0 0 0 0
404 32 54 3.0 0.0 0 3.0 100 97 1 1 2 0 0 0 0 0 0
405 31 53 21 0.0 0 21 100 2 18 21 16 26 16 2 0 0 0
406 31 53 31 0.0 0 31 100 0 0 2 35 54 9 0 0 0 0
407 31 53 19 0.0 0 19 100 7 33 36 5 14 5 0 0 0 0
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Table A-5 (cont.)

Bathymetric data for each of the 410 shoals used in FATHOM version 6.10 for Florida Bay

(Hybrid ENP-USGS Bathymetric data, 2009)

(B1 and B2 are the numbers of the basins on either side of a shoal)

Shoal Length Dry Length Wet Length Percentage of wet length by depth class (range of depth in feet)
Number Bl B2 (km) (km) (%) (km) (%) 0-1 02 03 04 05 06 07 08 09 o010
408 20 52 31 0.0 0 31 100 9 7 1 3 5 12 61 1 0 0
409 20 52 13 0.1 4 13 96 7 7 5 2 7 67 5 0 0 0
410 20 52 29 0.9 32 2.0 68 5 31 4 4 11 36 9 0 0 0
411 15 48 4.6 0.2 3 44 97 0 0 0 1 1 46 52 0 0 0
412 15 48 24 0.2 10 2.2 90 1 0 0 11 38 49 0 0 0 0
413 46 49 2.6 0.0 1 2.6 99 1 0 1 3 26 22 46 1 0 0
414 46 49 16 0.7 41 0.9 59 17 4 8 4 58 8 0 0 0 0
415 46 49 18 0.7 38 12 63 17 3 3 14 37 26 0 0 0 0
416 12 51 17 0.2 13 15 87 0 0 3 8 18 30 43 0 0 0
417 12 51 2.6 04 14 2.2 86 1 0 0 11 52 36 0 0 0 0
418 12 51 15 11 76 04 24 58 8 8 17 8 0 0 0 0 0
419 47 50 2.8 0.0 0 2.8 100 1 0 0 0 19 80 0 0 0 0
420 47 50 2.6 0.1 5 25 95 1 0 1 6 69 22 0 0 0 0
421 47 50 12 0.6 50 0.6 50 76 24 0 0 0 0 0 0 0 0
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Addendum to Appendix A
Prior FATHOM Version Numbers and Default Bathymetry Databases for Those Versions

The FATHOM model contains a default bathymetry database that is included in the compiled program.
This bathymetry database is automatically implemented when the program is initiated. The default
bathymetry can be modified interactively by the user prior to implementing a simulation. The user can also
have the model read a bathymetry database from an external file to replace the internal default database
completely. Once modified or replaced, the altered bathymetry database can be saved on an external file by
the user for future simulations. Ultimately it is the user’s responsibility to establish (and document) the
bathymetry used in any particular FATHOM simulation.

To assist in this documentation in those cases where the default bathymetry is accepted by the user, the
default bathymetry datasets included in the various versions of FATHOM are documented below.
Reference is made in the following discussion to three bathymetry datasets used in FATHOM: the original
ENP-FIU bathymetry database; the updated ENP-FIU bathymetry database; and the combined ENP-FIU
and SFWMD-USGS database. Descriptions of these datasets appear above in this appendix.

Default bathymetry datasets included in the various versions of FATHOM

1) All FATHOM version numbers prior to “5.01” (dated “4/5/98) contain the original ENP-FIU
bathymetry dataset (41 basins) as the default.

2) Version number “5.01” of FATHOM (dated “4/5/98”) with the serial number “FATHOM-501-001"
contains the original ENP-FIU bathymetry dataset (41 basins) as the default.

Please note: Version numbers “5.01W”, “5.01D” or version numbers “5.01” but with a date and serial

number different from above may contain either the original of the updated ENP-FIU dataset for the

following reasons. While updating (in 1999) the ENP-FIU bathymetry dataset used for FATHOM and
the FORTRAN compiler used for FATHOM, a number of versions of the model were implemented,
none of which were intended for general release, but some of which were distributed to reviewers and
collaborators. All of these versions were assigned some variation on the “5.01” number.

A) The version number “5.01W” with dates “4/5/98”, “4/1/99” or “4/5/99” were assigned to
temporary “working” versions of the model during the transitions in the bathymetry data and the
compiler, and may have either the original or the updated ENP-FIU dataset included. There was
no general release of these versions.

B) The version number “5.01D” was assigned to the final “demonstration” version used to evaluate
and quality assure (using benchmark simulations) the updated model against the original “5.01”
version. There was no general release of this version.

C) Once the transitions in compiler and database were completed and quality assured, the updated
FATHOM model was released, on a limited basis, for review of the updates. Somewhat
confusingly, this review copy of the updated model was assigned a version number of “5.01” but
with no qualifier. This updated version 5.01 of the model (which contains the updated ENP-FIU
bathymetry) can be distinguished from the original version 5.01 (which contains the original ENP-
FIU bathymetry) by its release date of “4/1/99” (as opposed to “4/5/98”), and by its three unique
serial numbers “FATHOM-501-A001", “FATHOM-501-PMC” or “FATHOM-501-SOF” (as
opposed to “FATHOM-501-001")

3) FATHOM version numbers from “5.05” (dated “2/27/03") up to and including versions “5.50” (dated
prior to “8/26/03") contain the updated ENP-FIU bathymetry (43 basins) as the default.

4) FATHOM version numbers from “5.50” (dated from “2/27/03” onwards) contain the combined ENP-
FIU and SFWMD-USGS bathymetry (43 basins) as the default.

5) FATHOM versions “5.80” (with various dates) up to and including version 6.10 (dated 27 Feb 2009 —

the version used in this report) contain the combined ENP-FIU and SFWMD-USGS bathymetry
dataset (54 basins) as the default.
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Appendix B
Coupling Output from the South Florida Water Management Model to FATHOM

B.1. Background

Outputs from the South Florida Water management Model (SFWMM) provide a description of
regional hydrological conditions projected for alternative water management scenarios. The SFWWM
simulates these alternative management scenarios as if they had been in operation during the period 1965
through 2000. Model simulations are run for the long-term 35-year period to assess the effects of the
management scenarios under a variety of climatic conditions known to have occurred in south Florida (the
observed climate data for the 35-year period are used as inputs to the SFWMM). These simulations of the
effects of alternative management scenarios on regional hydrology allow one to evaluate the benefits and
impacts on water supplies, flood control, and wetland ecosystems of each water management alternative
under consideration. FATHOM can be used to extend the effects projected by the SFWMM to include

salinity regimes in Florida Bay, making it possible to evaluate benefits and impacts on Florida Bay as well.

Coupling outputs of the SFWMM to FATHOM requires that long-term inputs for FATHOM be
consistent with the inputs used for the SFWMM. Both models can use the same available sources of
historic climate data for the 35-year period from 1965 through 2000 (rainfall and evaporation inputs for
FATHOM for the 35-year period are described in section B.2 below).

FATHOM also requires long-term data for three additional inputs: 1) freshwater runoff from wetlands
along the northern boundary of the Florida Bay; 2) salinity boundary conditions at the edges of the
FATHOM domain adjoining the Gulf of Mexico and Card Sound; 3) tides and sea level along the Gulf,
Atlantic, and Card Sound boundaries. Long-term data for tides and sea level are readily available for the
region (see section B.2 below). With respect to freshwater runoff and boundary salinity, these long-term
inputs are the focus of coupling FATHOM to the SFWMM outputs.

The assessment of alternate water management scenarios presumes that the primary effect on Florida
Bay will be changes in local patterns of freshwater runoff to Florida Bay (quantity and timing) from the
fringing wetlands. In addition, a secondary effect on boundary salinity conditions might be expected to
result from the more general regional hydrological changes (i.e., Shark River discharge, groundwater levels
in the southern wetlands, etc.). Regional hydrologic conditions simulated by the SFWMM (transect flows
and groundwater elevations) provide the data necessary to estimate freshwater inflows along the northern
boundary of the bay. The SFWMM model transect flows can be routed to the appropriate FATHOM basins
as freshwater runoff inputs for the 35-year simulation (see section B.3 below). The SFWMM outputs
(transect flows and groundwater levels) can also be used to develop regression relationships for estimating

long-term boundary salinity values (see section B.4).

B-2



B.2. Long-term inputs for FATHOM (1965-2000)

The rainfall, evaporation, runoff, sea level, tide, and boundary salinity input regions used for long-term
FATHOM simulations are the same as described in Chapter 2 of this report (Figures 2-1, 2-2, 2-3). Long-
term monthly climate data were taken from three stations on the margins of Florida Bay (Tavernier,
Flamingo and Royal Palm) and from NCDC Region 7 as described in Chapter 2 (Figure 2-4). Long-term

sea level records are from Key West.

Rainfall

Time series of estimated monthly rainfall for the 1965-2000 simulation period were compiled from the
rainfall records at Tavernier, Flamingo, and Royal Palm (as described in Chapter 2). Monthly rainfall
amounts in five FATHOM input regions were calculated from the rainfall records at the three monitoring

sites using Thiessen polygons.

Evaporation

Time series of estimated monthly evaporation for the 1965-2000 simulation period were compiled from the
climate data at Tavernier, Flamingo, and Royal Palm (as described in Chapter 2). Evaporation was
estimated using the SFWMD Simple Method (Abtew, 1996). Monthly evaporation amounts in five
FATHOM input regions were calculated from the evaporation estimates at the three climate sites using

Thiessen polygons.

Sea Level

Sea level inputs for the 1965-2000 simulation period were based on monthly average sea level
recorded at Key West (as described in Chapter 2). It was assumed that over the long term biogenic
accretion maintains the depth of the carbonate banks relative to mean sea level. Therefore, the (small)
trend of increasing mean sea level over the simulation period was removed, and the data were provided as
inputs to FATHOM expressed as deviations from the mean of the simulation period. Two input regions for
sea level were used. The Gulf and Atlantic boundary levels were taken directly from the Key West sea level
data. Sea level at the Card Sound boundary was increased by 3 cm above the Key West data to account for

water level set-up in the interior of Florida Bay and in Biscayne Bay (as described in Chapter 2).

Tides

Semi-diurnal tides for the 1965-2000 simulation were derived as described in Chapter 2 for ten regions
along the Gulf, Atlantic, and Card Sound boundaries. The tide inputs for each region consisted of 28-day
cycles of semi-diurnal tides with neap and spring cycles added. The 28 day cycle was repeated
consecutively throughout the simulation. The tides were superimposed on the monthly sea level

fluctuations.
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B.3. Specifying Freshwater Runoff Inputs for FATHOM from SFWMM Outputs

At the terrestrial boundaries of the bay, time series of freshwater runoff volumes are required as inputs
for FATHOM. Each boundary basin in FATHOM can have separate runoff conditions, and runoff can be
freely distributed among the small embayments at the northern edge of the bay (see discussion of runoff
Chapter 2). For this application of FATHOM, twelve runoff regions were defined as the twelve small

basins at the Everglades boundary of the model (Figure B-1).

2 Long Sound 1 Manatee Bay f

A 7 Madeira Bay
2 . 3 Deer Key Basin
# 8 Terrapin Bay
. 4 Joe Bay , )
q ]_/ 9 North Whipray
R 5 Eagle Key Basin
4277310 Rankin Bight
6 Little Madeira
11 Rankin Lake
£ 12 Snake Bi ht. /
nake Big /
= 4

Figure B-1 Twelve regions at the Everglades boundary of Florida Bay were used for inputs of freshwater
runoff for FATHOM.

Separate runoff time series need to be provided for each FATHOM runoff region based on the outputs
of the SFWMM. Outputs from the SFWMM are based on a grid system that forms the computational
structure of the model. Freshwater runoff for input to FATHOM was defined as the sum of all simulated
water fluxes across a series of transects defined by the grid structure in the model (Figure B-2). For each
cell, outward surface-water and groundwater fluxes across the southern or eastern faces of the cell were

considered runoff. Any modelled discharges in surface structures in a cell were included in the water flux.

Figure B-2 SFWMM qgrid structure and the transects used to estimate runoff for input to FATHOM.
Numbers identify cells in the grid as row-column. Open circles identify cell boundaries used
to calculate fluxes. Closed circles identify surface discharge structures in the model.
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The water fluxes from the defined transects on the SFWMM grid were accumulated to monthly values

for the simulation period 1965-2000. These monthly fluxes were then routed to individual FATHOM basins

as runoff inputs (Figure B-3; Table B-1).

Reg 11 FATHOM Runoff Regions (for model inputs)

Figure B-3 Routing of water fluxes from the SFWMM grid structure into the FATHOM input regions.
(There were no SFWMM outputs applied to FATHOM input regions 10 or 12)

Table B-1 Partitioning of water fluxes from the SFWMM grid structure into the FATHOM input regions.

FATHOM SFWMM Cells for SFWMM Surface
Input Regions Surface-Water & Groundwater Fluxes Discharge Structures
(E = east face; S = south face)

1 528E S197

2 528S, 527S JOEBQ2

3 526S, 525S JOEBQ1

4 424E, 424S LMDBQ3

5 423S LMDBQ?2

6 422S, 421S, 320E LMDBQ1

7 320S (none)

8 319S (none)

9 318S (none)

10 (none) (none)

11 317S (none)

12 (none) (none)
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B.4. Specifying Boundary Salinity Inputs for FATHOM from SFWMM Outputs

Along the southwest Gulf coast, fresh water from Shark Slough (discharging through the Shark River
or through the southwest wetlands) alters the salinity of the shallow coastal waters that form the western
(Gulf) boundary of the FATHOM model domain. In coupling FATHOM to the output of the SFWMM
model, these effects are incorporated into FATHOM by projecting the Gulf boundary salinity values
(needed for FATHOM) using regressions equations based on the simulated Shark Slough discharge
(derived from appropriate transects flows in the SFWMM) and/or simulated groundwater elevations in the
southern section of the SFWMM grid. To develop these equations two sources of data are needed: 1)
simulated transect flows and/or groundwater elevations (the independent variables in the regressions) from
an appropriate SFWMM model run; and 2) observed Gulf boundary salinity values (the independent
variables) for the time period consistent with the SFWMM simulation.

SFWMM Transects and Elevations

The SFWMM calibration/verification (CalVer) model run was used to provide simulated transect flows
and groundwater elevations for developing the regression equations. The CalVer model run covered the
period 1991 through 2000. For that period the SFWMM was driven with the observed climatology for
south Florida, using the canal management schemes in effect at the time. The CalVer model run, therefore,
provides the most appropriate simulation outputs to use in developing regressions on observed Gulf
boundary salinities. There are a number of transects in the SFWMM that might be considered
representative of the Shark Slough discharge (Figure B-4). A central location (the P33 well location) was

used as representative of regional groundwater elevations (Figure B-4).
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Figure B-4 The SFWMM grid for south Florida. The heavy lines define a number of transects for which
standard SFWMM output is available. The star represents the site of the P33 well.
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Observed Boundary Salinity Values

Observed monthly salinity data are available along the Gulf boundary for developing the regression
equations. Beginning in the early 1990s, the Southeast Environmental Research Program (SERC) at Florida
International University (FIU) has conducted a long-term program to monitor water quality in the coastal
waters of South Florida. This program visits 24 stations in Florida Bay on a monthly basis, and five of these
stations are appropriately situated to define boundary salinities for the FATHOM domain in Florida Bay
(Figure B-5; see also discussion in Chapter 2). The monthly water samples are analyzed for salinity among
a suite of nutrient and other water quality parameters.

The period of the observed salinity records at the SERC sites completely overlaps the period that
comprises the SFWMM CalVer run (1991 through 2000). For the purpose of developing the regressions,
SERC stations 25, 26, 27, and 28 were used along the Gulf boundary (Figure B-5).

Figure B-5 Locations of the SERC monthly water quality monitoring stations in Florida Bay. Observed
data from the five sites identified with a triangle define boundary salinity conditions for the
FATHOM domain.

Boundary Regression Equations

Using the standard transect outputs of the SFWMM (Figure B-4), there are five candidates transects
that reasonably represent discharge down Shark Slough (T21, T27, T17, T18, and T17+T18) as well as one
representative regional groundwater estimate (P33). There are four SERC sites on the Gulf boundary for
which salinity observations are available (Figure B-5). The salinity time-series at each of the four SERC
sites were compared (pairwise) to the simulated time-series of discharge at each of the 5 Shark Slough
transects and to the simulated groundwater elevation time-series. The comparisons were done with 0, 1, 2,

3, and 4 month lags between the observed salinity values and the simulated discharges (or groundwater
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elevations). For each pairwise comparisons, 10 years of monthly data were available (n=120) and the
Pearson correlation coefficient was calculated. The transect (or groundwater elevation) and lag with the
highest Pearson correlation coefficient were selected to develop the regression equations for linking the
SFWMM outputs to FATHOM boundary conditions at each SERC site. Transect discharges were
expressed in 1000’s of acre-ft per month. The T21 transect with a lag of 2 months provided the best fit for
all four SERC sites on the Gulf boundary (Table B-2).

The same approach was used to develop regression equations for SERC site 1, the Card Sound salinity
boundary for FATHOM. As with the development of the gulf boundary regressions, all transects as well as
the groundwater elevation were examined at lags from 0 to 4 months for SERC site 1. Best fit to observed
data was achieved using the P33 groundwater elevation with no lags (Table B-2). Groundwater elevations

were expressed as the depth from the SFWMM grid surface to the surface of the groundwater layer.

Table B-2 Regression equations used to provide FATHOM boundary salinity values from SFWMM
simulated transect flows and groundwater elevations. Locations of the transects, well, and
boundary salinity sites are given in Figures B-4 and B-5.

SERC Salinity Site SFWMM simulated Pearson
observed monthly transect discharge Lag Equation Correlation
salinity (psu) (1000 acre-ft/mo) Coefficient
Dependent variable (y) | Independent variable (xX) | months | y =slope (x) + intercept r
SERC 24 T-21 2 y =-0.003627 (x) + 36.7 -0.81
SERC 25 T-21 2 y =-0.003138 (x) + 36.8 -0.80
SERC 26 T-21 2 y =-0.002696 (x) + 36.8 -0.74
SERC 27 T-21 2 y =-0.002104 (x) + 36.6 -0.65
SERC Salinity Site SFWMM simulated Pearson
observed monthly depth to groundwater Lag Equation Correlation
salinity (psu) (feet) Coefficient
Dependent variable (y) | Independent variable (xX) | months | y =slope (x) + intercept r
SERC 1 P33 0 y=-7.038(x) + 36.4 -0.79

The regression equations in Table B-2 are used to link the SFWMM outputs for alternate management
scenarios to the FATHOM boundary conditions in order to examine the effects of the management scenario

on salinity within Florida bay.
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