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Tree Island 3BS1

PURPOSE
This survey was performed to determine elevations on wells and other features in the
vicinity of Tree Island 3BS1 for the South Florida Water Management District
(SFWMD).
LOCATION OF PROJECT
Tree island 3BS1 is located in Miami-Dade County, Florida, approximately 24 miles west
of the Atlantic Ocean coast at Miami Beach, approximately 1.8 miles west of Krome
Avenue (State Road 997, Southwest 177th Avenue), and about 1.3 miles north of
Tamiami Trail (U.S. Highway 41).
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Figure 1: Location of Tree Island 3BS1 in southern Florida
Source of image: http://terraserver.microsoft.com, September 2007
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Figure 2: Neighborhood of Tree Island 3BS1
Source of image: http://terraserver.microsoft.com, September 2007
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Figure 3: Neighborhood of Tree Island 3BS1
This ground distance shown across the photograph from the left edge to the right edge is approximately
5,600 feet. Source of aerial photograph: LABINS World Wide Web site (http://data.labins.org); date of
photograph reported to be 1/24/05.
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ITEMS DELIVERED TO THE DISTRICT
In conjunction with this formal report, the following items are being delivered to
SFWMD:
1. A three-sheet map of this specific purpose survey dated September 26, 2007, and
entitled “MAP OF A SPECIFIC PURPOSE SURVEY OF TREE ISLAND
3BS1.” That map and this document together constitute the formal report of this
specific purpose survey.
2. This report in digital form (PDF format and Microsoft® Office Word format,
created with Microsoft® Office Word 2003).
3. Electronic copies (PDF format) of all field notes.
4. Electronic copies of all computation sheets and related data files.
5. Autocad® 2004-format CAD files and a PDF format digital file of the three-sheet
map (no. 1, above).
6. CORPSMET 95-generated metadata files.
7. Site photographs in digital format (some of which are reproduced in this report).
DATUMS FOR THE PROJECT
The elevation data is shown in this report with respect to both the North American
Vertical Datum of 1988 (NAVD 88) and the National Geodetic Vertical Datum of 1929
(NGVD 29). NAVD 88 elevations were determined from the reduction and adjustment of
differential leveling observations (see LEVELING METHODS, below) controlled by
bench mark 3BS1-GW1, a stainless steel bench mark at well cluster 3BS1W1 to the
northwest of the tree island. The elevation adopted for 3BS1-GW1 is 6.85 feet above
NAVD 88. This value was provided by the South Florida Water Management District
(SFWMD), drawn from the SFWMD survey monument database. (In the SFWMD
survey monument database, the designation for this bench mark is 3bs1w1.)
NGVD 29 elevations set out in this report are derived from the NAVD 88 elevations by
means of applying a datum shift, or datum offset value, of -0.475 meter (-1.558 feet). The
sense of the algebraic sign of this value is NAVD 88 elevation minus NGVD 29
elevation. This value was obtained from the National Geodetic Survey (NGS)
VERTCON Online web site (http://www.ngs.noaa.gov/TOOLS/Vertcon/vertcon.html,
accessed September 2007, version 2.0). This modeled geoid height is that for the
approximate latitude and longitude of the centroid of the project site.
The horizontal datum used for this survey is the North American Datum of 1983 (NAD
83), and positions are alternatively expressed as geodetic latitude and longitude with
respect to that datum or as Cartesian coordinates in the Florida State Plane Coordinate
System, East zone, NAD 83, as defined by NGS. SFWMD provided positions with
respect to NAD 83 for several control stations on site, among them 3BS1-GW1 (the same
station noted above as the controlling bench mark) and 3BS1-GW2 (a stainless steel rod
monument at well cluster 3BS1W2 to the northeast of the island), which were used for
purposes of measuring horizontal positions of several wells. See the section
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HORIZONTAL POSITIONS below for details of the determination of horizontal
positions of features.
The conversion between meters and feet for this project was governed by the definition of
the U.S. Survey Foot: 1200 meters = 3937 U.S. Survey Feet, exactly.1
METHODS OF ELEVATION DETERMINATION
A closed 3-wire differential leveling loop using a Wild NA2 automatic optical level was
performed in order to support the determination of elevations of the features at the site.
The leveling loop includes the stainless steel rod monuments 3BS1-GW1, 3BS1-GW2,
3BS1-GW3 (located at well cluster 3BS1W3 to the south of the island), TREE E C
(located on the island), and a brass disk monument TREE E N (set in concrete and
located about 10 feet southwest of well cluster 3BS1W4, on the island). See Figure 3
above for an illustration of the locations of these bench marks.
The magnitude of the misclosure of this level loop, 0.0280 foot, falls within the allowable
error of closure of ±0.0428 foot. The allowable error of closure, which was specified by
SFWMD, is computed as ± 0.03 feet M , where M is the length of the loop in miles.
Additionally, this loop meets the misclosure standard for third order leveling as published
by the National Geodetic Survey (NGS), 2 which is defined as ± 12 mm K , where K is
the length of the loop in kilometers. Equivalently, the NGS allowable misclosure is
± 0.050 feet M , where M is the length of the loop in miles.

The elevations of several features at each well cluster were measured by single-wire
leveling using the NA2. Each well cluster is adjacent to (or very near) one of the
aforementioned survey monuments. At each well cluster is one or more PVC well casings
whose elevations were measured, and several of the clusters have additional features such
as a reference mark (typically an inked or penciled mark) within the box at the top of the
structure, or a staff gauge adjacent to the wells. Single wire leveling was also used to
measure elevations of the four porewater well sites (and of the SET at the slough
porewater well site). The elevations of the tops of the PVC well pipes were generally
measured on the north side of the pipes. The location of the measurement was denoted on
each pipe by means of an inked mark.
Ground elevations (to be described below) were obtained at the site of each major well
cluster, at each porewater well site, and at one additional location which is defined by
geographic position but which does not have any well, and is not marked by any other
man-made feature. At each location where ground elevations were measured, a pair of
1

An equivalent definition was promulgated into law by the Metric Act of 1866, and despite the adoption of
the “International foot” conversion since passage of that law for other purposes, this definition remains the
convention for much surveying practice in the United States. See, for example, Florida Statues Chapter
177.091(19) for an equivalent definition (available online at
http://www.leg.state.fl.us/statutes/index.cfm?App_mode=Display_Statute&URL=Ch0177/ch0177.htm).
2
Federal Geodetic Control Committee, Standards and Specifications for Geodetic Control Networks,
September 1984.
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elevations have been obtained. The ground elevation pair at each site consists of the
elevation of the top of the layer of soft muck or organic material (called the “soft” ground
shot in this report from this point forward) and an elevation of the hard, more
impermeable ground surface at the bottom of the muck layer (the “hard” ground shot).
The field staff obtained soft ground elevations by gently setting the shoe of the leveling
staff onto the muck surface at a location thought to be undisturbed and at a “natural
level,” as best as could be judged by visual means. The shoe of the leveling staff (Figure
4, below) has a rectangular cross section approximately 1.0 inch by 2.5 inches in size.
The bottom of the staff acted as a “bearing surface” which helped prevent the leveling
staff from sinking into the soft soil. (Any sinking of the leveling staff into the soil would
result in the measurement of an elevation of something other than the true, natural surface
of the soft ground.)

Figure 4: Foot of leveling staff

The elevation of the hard ground surface underneath the layer of organic material was
measured with the aid of a steel rod of known length. The procedure used at this site is to
drive the steel rod vertically through the muck layer until the bottom of the rod contacts
the impermeable rock surface. The elevation of the top of the rod is measured, and from
that elevation the known length of the rod is subtracted in order to obtain the elevation of
the hard ground surface at that location.
ACCURACY OF DERIVED DIFFERENCES IN ELEVATION AMONG WELLS

The elevations of the several wells in each of the four major well clusters (3BS1W1,
3BS1W2, 3BS1W3, and 3BS1W4) are set out later in this report. From those tabulated
6
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elevations, one can compute the difference in elevation between any two given wells
taken from two clusters by subtraction. Due to the measurement process, there is an
inherent uncertainty to the value of such a measured difference in elevation. The
estimated standard errors of differences in elevation so computed from the elevations set
out in this report are as follows:
•
•
•
•
•
•

Elevation differences between wells at 3BS1W1 and 3BS1W2: 0.01 foot (1/8
inch)
Elevation differences between wells at 3BS1W1 and 3BS1W3: 0.01 foot (1/8
inch)
Elevation differences between wells at 3BS1W1 and 3BS1W4: 0.01 foot (1/8
inch)
Elevation differences between wells at 3BS1W2 and 3BS1W3: 0.01 foot (1/8
inch)
Elevation differences between wells at 3BS1W2 and 3BS1W4: 0.01 foot (1/8
inch)
Elevation differences between wells at 3BS1W3 and 3BS1W4: 0.01 foot (1/8
inch)

These estimated standard errors can be scaled by appropriate expansion factors to obtain
uncertainties at other desired confidence intervals, in accordance with the principles of
univariate probability and statistics. For example, multiply the standard errors by 1.96 to
obtain the uncertainties at the 95% confidence interval. These values represent “plus-orminus” uncertainties in the differences in elevation between pairs of features. For
example, from Table 5 (below) the NAVD 88 elevations of wells 3BS1W1 GW2 (¾"
PVC) and 3BS1W3 GW2 (¾" PVC) are 10.71 feet and 11.90 feet, respectively. This
implies a difference in elevation between the two of 1.19 feet, with 3BS1W3 GW2 being
the higher of the two. The estimated standard error of this value is (per the list above)
0.01 foot, and the 95% confidence interval uncertainty would then be 0.02 foot. This
means that at the 95% confidence interval, the difference in elevation between those two
wells lies within the interval 1.17'–1.21', which is ±0.02 foot (±¼ inch) on each side of
the value of 1.19 feet derived by subtraction.
Appendix C contains a brief description of the computational procedure used to obtain
the estimated standard errors reported above.
METHOD OF DETERMINING HORIZONTAL POSITIONS
As noted in the section on the project datums, SFWMD provided horizontal positions of
stainless steel rod monuments 3BS1-GW1 and 3BS1-GW2 at the project site. The
horizontal positions of all porewater wells, the SET at the slough porewater site, and the
3BS1W4 well cluster were measured by means of a Leica TC705 electronic total station
which occupied rod monument 3BS1-GW1. Observations of horizontal and vertical
angles and distances to monument 3BS1-GW2 and to the several wells were reduced to
obtain the desired horizontal positions of the wells.

7

Surveyor’s Report

Tree Island 3BS1

RESULTS: LEVELING ON WELL CLUSTERS 3BS1W1, 3BS1W2, 3BS1W3,
3BS1W4
Tabulations of the measured elevations and of historical elevation data obtained for the
four principal well clusters (3BS1W1 to the northwest, 3BS1W2 to the northeast,
3BS1W3 to the south, and 3BS1W4 on the island proper) follow. For each well cluster, a
set of differences between elevation values obtained by Keith and Schnars in 2007 (by
this survey) and elevation values found written on the apparatus on site are tabulated. All
elevations determined in this survey in these tables were measured by means of direct
differential leveling using a Wild NA2 automatic optical level.
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WELL CLUSTER 3BS1W1
Table 1: Revised elevation values, well cluster 3BS1W1 (northwest of island)
K&S
K&S
Difference
measured
Existing
Existing
measured
(K&S minus
elevation
Well name or other
SFWMD
SFWMD
elevation
SFWMD,
(8/8/07) for (8/8/07) for
designation
elevation
elevation
both
this report
(NGVD 29)
(NAVD 88)
this report
datums)
(NGVD 29)
(NAVD 88)
(1)
(2)
(3)
(4)
(5)
3BS1W1 ("X" reference
14.00
12.44
14.05
12.49
0.05
mark)
3BS1W1 GW1 (top of 2"
12.15
10.59
12.22
10.66
0.07
PVC pipe)
3BS1W1 GW2 (top of 3/4"
12.13
10.57
12.21
10.65
0.08
PVC pipe)
Natural ground (top of
N/A
N/A
5.4
3.8
N/A
muck/organic material)

Top of rock/impermeable
ground
Staff gauge (8.70 foot
graduation)
BM 3BS1-GW1 (stainless
steel rod)

N/A

N/A

2.8

1.2

N/A

8.70

7.14

8.83

7.27

0.13

8.275

6.717

8.408

6.850

0.133

All values shown in Table 1 are in units of U.S. Survey feet. The values in the five
columns are derived as follows:
(1) Column (1) values are written on the apparatus on site.
(2) Column (2) values are the respective column (1) values plus the value of the
datum offset, -1.558 feet.
(3) Column (3) values are the respective column (4) values minus the value of the
datum offset, -1.558 feet.
(4) Column (4) values are derived from differential leveling observations conducted
between September 5, 2007, through September 18, 2007, with this particular
cluster being observed on September 13, 2007 (Keith and Schnars field book
1245, p. 41–42).
(5) Column (5) values are obtained by subtracting column (1) values from the
corresponding column (3) values; equivalently column (4) values minus column
(2) values.

9

Surveyor’s Report

Tree Island 3BS1

WELL CLUSTER 3BS1W2
Table 2: Revised elevation values, well cluster 3BS1W2 (northeast of island)
K&S
K&S
Difference
measured
Existing
Existing
measured
(K&S minus
Well name or other
elevation
SFWMD
SFWMD
elevation
SFWMD,
designation
elevation
elevation
(8/8/07) for (8/8/07) for
both
this report
(NGVD 29)
(NAVD 88)
this report
datums)
(NGVD 29)
(NAVD 88)
(1)
(2)
(3)
(4)
(5)
3BS1W2 ("X" reference
N/A
N/A
13.56
12.00
N/A
mark)
3BS1W2 GW1 (top of 2"
13.40
11.84
13.49
11.93
0.08
PVC pipe)
3BS1W2 GW2 (top of 3/4"
13.40
11.84
13.49
11.93
0.08
PVC pipe)
Natural ground (top of
N/A
N/A
5.5
3.9
N/A
muck/organic material)

Top of rock/impermeable
ground

N/A

N/A

3.1

1.5

N/A

BM 3BS1-GW2 (stainless
steel rod)

7.92

6.36

7.985

6.427

0.06

All values shown in Table 2 are in units of U.S. Survey feet. The values in the five
columns are derived as follows:
(1) Column (1) values are written on the apparatus on site.
(2) Column (2) values are the respective column (1) values plus the value of the
datum offset, -1.558 feet.
(3) Column (3) values are the respective column (4) values minus the value of the
datum offset, -1.558 feet.
(4) Column (4) values are derived from differential leveling observations conducted
between September 5, 2007, through September 18, 2007, with this particular
cluster being observed on September 13, 2007 (Keith and Schnars field book
1245, p. 43).
(5) Column (5) values are obtained by subtracting column (1) values from the
corresponding column (3) values; equivalently column (4) values minus column
(2) values.
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WELL CLUSTER 3BS1W3
Table 3: Revised elevation values, well cluster 3BS1W3 (south of island)
K&S
K&S
measured
Existing
Existing
measured
Well name or other
elevation
SFWMD
SFWMD
elevation
designation
elevation
elevation
(8/8/07) for (8/8/07) for
this report
(NGVD 29)
(NAVD 88)
this report
(NGVD 29)
(NAVD 88)
(1)
(2)
(3)
(4)
3BS1W3 ("X" reference
N/A
N/A
13.39
11.84
mark)
3BS1W3 GW1 (top of 2"
13.35
11.79
13.45
11.90
PVC pipe)
3BS1W3 GW2 (top of 3/4"
13.35
11.79
13.45
11.90
PVC pipe)
Natural ground (top of
N/A
N/A
6.2
4.6
muck/organic material)

Difference
(K&S minus
SFWMD,
both
datums)
(5)
N/A
0.10
0.10
N/A

Top of rock/impermeable
ground

N/A

N/A

2.2

0.6

N/A

BM 3BS1-GW3 (stainless
steel rod)

8.546

6.988

8.644

7.086

0.098

All values shown in Table 3 are in units of U.S. Survey feet. The values in the five
columns are derived as follows:
(1) Column (1) values are written on the apparatus on site.
(2) Column (2) values are the respective column (1) values plus the value of the
datum offset, -1.558 feet.
(3) Column (3) values are the respective column (4) values minus the value of the
datum offset, -1.558 feet.
(4) Column (4) values are derived from differential leveling observations conducted
between September 5, 2007, through September 18, 2007, with this particular
cluster being observed on September 13, 2007 (Keith and Schnars field book
1245, p. 44).
(5) Column (5) values are obtained by subtracting column (1) values from the
corresponding column (3) values; equivalently column (4) values minus column
(2) values.
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WELL CLUSTER 3BS1W4
Table 4: Revised elevation values, well cluster 3BS1W4 (interior of island)
K&S
K&S
Existing
Existing
measured
measured
Well name or other
SFWMD
SFWMD
elevation
elevation
designation
elevation
elevation
(8/8/07) for (8/8/07) for
(NGVD 29)
(NAVD 88)
this report
this report
(NGVD 29)
(NAVD 88)
(1)
(2)
(3)
(4)
3BS1W4 ("X" reference
N/A
N/A
13.80
12.24
mark)

Difference
(K&S minus
SFWMD,
both
datums)
(5)
N/A

3BS1W4 GW1 (top of 2"
PVC ground water well)

13.725

12.167

13.82

12.26

0.09

3BS1W4 GW2 (top of 3/4"
PVC piezometric well)

13.73

12.172

13.84

12.28

0.11

Natural ground (top of
muck/organic material)

N/A

N/A

10.1

8.5

N/A

Top of rock/impermeable
ground

N/A

N/A

8.9

7.3

N/A

B.M. TREE E N

10.325

8.767

10.436

8.878

0.111

All values shown in Table 4 are in units of U.S. Survey feet. The values in the five
columns are derived as follows:
(1) Column (1) values are written on the apparatus on site.
(2) Column (2) values are the respective column (1) values plus the value of the
datum offset, -1.558 feet.
(3) Column (3) values are the respective column (4) values minus the datum offset of
-1.558 feet.
(4) Column (4) values are derived from differential leveling observations conducted
between September 5, 2007, through September 18, 2007, with this particular
cluster being observed on September 13, 2007 (Keith and Schnars field book
1245, p. 50).
(5) Column (5) values are obtained by subtracting column (1) values from the
corresponding column (3) values; equivalently column (4) values minus column
(2) values.
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RESULTS: HORIZONTAL POSITIONS AND ELEVATIONS OF WELLS AND
GROUND
In Table 5 below, the geodetic latitudes and longitudes listed are with respect to NAD 83;
the northing and easting values are in units of U.S. Survey Feet and with respect to the
Florida State Plane Coordinate System, East zone, NAD 83; and the elevation values are
in units of feet above the datums noted in the column header.
As noted previously in this report, the horizontal positions of stainless steel rod
monuments 3BS1-GW1 and 3BS1-GW2 were provided by SFWMD. SFWMD also
provided the horizontal position of monuments 3BS1-GW3, TREE E N, and TREE E C.
The values shown in Table 5 for those five monuments are the SFWMD-supplied
positions. The tabulated positions of the 3BS1W4 well cluster, all porewater wells, and
the SET located at the slough porewater well site are derived from angle and distance
measurements with an electronic total station from the other four monuments (described
above in the section METHOD OF DETERMINING HORIZONTAL POSITIONS). The position
shown for 3BS1W4, 3BS1W4-GW1, and 3BS1W4-GW2 is the approximate location of
the “center” of the well cluster measured with the electronic total station.
NAVD 88 elevations of stainless steel rod monuments 3BS1-GW1, 3BS1-GW2, 3BS1GW3, TREE E C, and of brass disk monument TREE E N are set out in a Microsoft®
Office Excel file provided by SFWMD, named 3BS1East_Isl.xls (not reproduced here nor
included with the accompanying deliverables).3 However, as noted in the section of this
report DATUMS FOR THE PROJECT, the elevation of 3BS1-GW1 published in the
SFWMD survey monument database was adopted as the controlling, fixed elevation for
all other elevation determination for this survey. Therefore, the NAVD 88 elevation value
for monument 3BS1-GW1 shown in Table 5 is that value provided published in the
SFWMD survey monument database. All other NAVD 88 elevation values in the table
are those derived from this survey’s differential leveling observations and the published
elevation on 3BS1-GW1. In other words, all NAVD 88 elevations in the table, with the
exception of that for bench mark 3BS1-GW1, are measured elevation values and are not
previously published values.
All NGVD 29 elevations in Table 5 are computed by subtracting -1.558 feet (the datum
offset described in the section DATUMS FOR THE PROJECT) from the corresponding
NAVD 88 elevation.

3

Additionally, TREE E C is a Height Modernization Survey Station of the National Geodetic Survey, PID
number DG5020. The elevation reported in the NGS data sheet is based on GPS observations only and was
not used in this survey.

13

Surveyor’s Report

Tree Island 3BS1

Table 5: Horizontal positions and elevations of features at Tree Island 3BS1
State plane State plane Reference
coordinate coordinate
mark
(northing/Y, (easting/X, elevation
U.S. Survey U.S. Survey (NGVD 29,
Feet)
Feet)
feet)

Reference
mark
elevation
(NAVD 88,
feet)

Designation

NAD 83 latitude
(north)

NAD 83 longitude
(west)

3BS1slough 10–30

25° 46' 38.402"

80° 30' 51.183"

525057.2

816022.8

9.24

7.68

3BS1slough 40–50

25° 46' 38.397"

80° 30' 51.086"

525056.8

816031.7

10.52

8.96

3BS1slough SET

25° 46' 38.341"

80° 30' 51.147"

525051.1

816026.2

8.05

6.49

3BS1head 10-30

25° 46' 43.917"

80° 30' 35.331"

525619.5

817469.8

10.57

9.01

3BS1head 40-50

25° 46' 43.874"

80° 30' 35.352"

525615.0

817467.9

11.38

9.82

3BS1neartail 10-30

25° 46' 42.523"

80° 30' 35.226"

525478.7

817479.9

10.33

8.78

3BS1neartail 40-50

25° 46' 42.542"

80° 30' 35.222"

525480.6

817480.2

11.82

10.26

3BS1tail 10-30

25° 46' 28.610"

80° 30' 39.414"

524072.7

817102.3

10.13

8.57

3BS1tail 40-50

25° 46' 28.608"

80° 30' 39.465"

524072.4

817097.6

11.59

10.03

3BS1 south (no marker)

3BS1W1 (well)
3BS1W1 GW1
3BS1W1 GW2
3BS1-GW1
3BS1W2
3BS1W2 GW1
3BS1W2 GW2
3BS1-GW2
3BS1W3
3BS1W3 GW1
3BS1W3 GW2
3BS1-GW3

25° 46' 26.14"

80° 30' 50.58"

523819.5

816082.5

(Adjacent to SFWMD survey monument 3BS1-GW1; monument position
has been published by SFWMD)

25° 46' 49.35587"

80° 30' 41.21765"

526166.518

816929.648

(Adjacent to SFWMD survey monument 3BS1-GW2; monument position
has been published by SFWMD)
25° 46' 50.04625"

80° 30' 25.56275"

526241.550

818360.359

(Adjacent to SFWMD survey monument 3BS1-GW3; monument position
has been published by SFWMD)

N/A

N/A

14.11

12.55

12.28
12.27

10.72
10.71

8.408

6.850

13.56

12.00

13.49
13.49

11.93
11.93

7.985

6.427

13.39

11.84

13.45
13.45

11.90
11.90

8.644

7.086

13.80

12.24

13.82
13.84

12.26
12.28

25° 46' 26.98576"

80° 30' 34.43400"

523910.357

817558.129

25° 46' 44.44"

80° 30' 35.48"

525672

817456

TREE E N

25° 46' 44.35592"

80° 30' 35.56781"

525663.647

817447.962

10.436

8.878

TREE E C

25° 46' 42.68840"

80° 30' 35.36598"

525495.364

817467.037

8.991

7.433

3BS1W4
3BS1W4 GW1
3BS1W4 GW2

Hard
ground
elevation
(NGVD 29,
feet)

Hard
ground
elevation
(NAVD 88,
feet)

Soft
ground
elevation
(NGVD 29,
feet)

Soft
ground
elevation
(NAVD 88,
feet)

2.6

1.0

6.6

5.0

3.1

1.5

6.7

5.1

2.4

0.8

6.6

5.0

1.0

-0.6

6.3

4.7

Description

Porewater well
Porewater well
SET

4.0

2.4

5.7

4.1

2.8

1.2

5.4

3.8

3.1

1.5

5.5

3.9

2.2

0.6

6.2

4.6

8.9

7.3

10.1

8.5

Porewater well
Porewater well
Porewater well
Porewater well
Porewater well
Porewater well
Water sample site
(navigated to site by
autonomous GPS)
Surface water
well/reference mark in
box at top of well
2" PVC pipe
3/4" PVC pipe
Stainless steel rod
monument
Reference mark in box
at top of well
2" PVC pipe
3/4" PVC pipe
Stainless steel rod
monument
Reference mark in box
at top of well
2" PVC pipe
3/4" PVC pipe
Stainless steel rod
monument
Reference mark in box
at top of well
2" PVC pipe
3/4" PVC pipe
Stainless steel rod
monument (at 3BS1W4
well cluster)

N/A

N/A

N/A

N/A

Stainless steel rod
monument (near the
neartail SET markers)
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APPENDIX A: ABBREVIATIONS
BM: Bench mark
K&S: Keith and Schnars
L.B.: Licensed surveying and mapping business
N/A: Not applicable
NAD 83: North American Datum of 1983
NAVD 88: North American Vertical Datum of 1988
NGS: National Geodetic Survey
NGVD 29: National Geodetic Vertical Datum of 1929
PVC: Polyvinyl chloride
SET: Sediment Erosion Table
SFWMD: South Florida Water Management District
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APPENDIX B: PHOTOGRAPHS
Below appears a subset of the photographs taken at the site during this survey.

Figure 5: Well cluster 3BS1W1, northwest of island (view looking north)

Figure 6: Well cluster 3BS1W2, northeast of island (view looking north)
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Figure 7: Well cluster 3BS1W3, south of island (view looking north)

Figure 8: Well cluster 3BS1W4, on the island (view looking east)
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Figure 9: Porewater wells, head (view looking south)

Figure 10: 3BS1head 10-30 porewater well
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Figure 11: 3BS1head 40-50 porewater well

Figure 12: Porewater wells, neartail (view looking south)
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Figure 13: 3BS1neartail 10-30 porewater well

Figure 14: 3BS1neartail 40-50 porewater well
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Figure 15: Porewater wells, tail (view looking north)

Figure 16: 3BS1tail 10-30 porewater well
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Figure 17: 3BS1tail 40-50 porewater well

Figure 18: Porewater wells and SET, slough (view looking south)
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Figure 19: 3BS1slough 10-30 porewater well

Figure 20: 3BS1slough 40-50 porewater well
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Figure 21: 3BS1slough SET
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APPENDIX C: DERIVATION OF UNCERTAINTIES IN COMPUTED
DIFFERENCES IN ELEVATION
In this report, set out in the section METHOD OF ELEVATION DETERMINATION, appear the
estimated standard errors of the differences in elevation among the four major well
clusters. These differences in elevation are obtained by subtraction of the elevations
presented in Table 5. These standard errors were computed by means of the law of
variance-covariance propagation4 (shortened to “covariance propagation” from this point)
and are based upon two assumptions about the measurement procedures used:
1. The 3-wire differential leveling loop which ties together bench marks 3BS1GW1, 3BS1-GW2, 3BS1-GW3, and TREE E N is of “NGS third-order” quality;
and
2. When performing single-wire leveling among the features at each of the major
well clusters, each foresight-backsight pair for an instrument setup resulted in a
difference in elevation having a standard error of 0.0025 feet.
The NGS standards document noted in the section METHOD OF ELEVATION
DETERMINATION essentially states that a third-order elevation difference (i.e., the
difference between the elevations of two surveyed points) has a standard error of
2.0 mm K , where K is the distance in kilometers between the two points in question, as
measured along the path of the leveling operation. Equivalently, this standard error can
be expressed 0.0083 feet M , where M is the distance in miles. Given the sight lengths
of the 3-wire leveling operations (which are obtained during the reduction of the threewire leveling notes), and assuming that the leveling meets the third order standard of
accuracy, the standard error of the observed differences in elevation by 3-wire leveling
can be derived and subsequently used in covariance propagation computations.

The 3-wire and single-wire leveling observations at Tree Island 3BS1, together with their
estimated standard errors described above, were input into a least squares network
adjustment. The results of the least squares analysis provided the information needed to
complete the covariance propagation computations (a full description of which is omitted
from this report).

4

See, for example, Linear Algebra, Geodesy, and GPS, by Gilbert Strang and Kai Borre, p. 329.
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