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APPENDIX A - SUPPLEMENTAL INFORMATION FOR THE
BISCAYNE AQUIFER

AQUIFER WATER LEVEL/WATER QUALITY MONITORING RESULTS.

The District’s primary focus in developing a minimum level for the Biscayne aquifer
involved the review and analysis of water level and water quality data from more than 500 wells
located along the lower east coast. Water level and water quality data collected from these wells
were analyzed to determine if a relationship exists between water levels, duration of low water
level events and subsequent movement of the salt water interface in response to these low water
events. Water level data from each well was evaluated to determine average dry season and wet
season water levels as well as long term trends. Chloride concentrations were also examined to
determine whether or not the salt water front (a) had reached a particular well, (b) appeared to be
stable, and/or (c) appeared to be either moving inland or retreating seaward. Stage duration
curves were developed for each coastal water control structure to determine mean (50th
percentile) and standard deviation (i.e., the 84th percentile) water levels at each salinity control
structure. These data are discussed below.

In addition to the above effort, detailed statistical analyses were preformed on 49
monitoring wells in Broward County to investigate the correlation between the observed chloride
concentration and water table elevation. Each monitor well was classified based upon its distance
to the coast and its geographical location. Water levels were converted to equivalent fresh water
heads to account for the denser salt water contained in some wells. These data are presented in
Table A-1.

Although no significant correlation was noted between equivalent freshwater heads and
chloride concentration, statistical analyses showed a relationship between the duration of low
water periods and seasonal versus permanent movement of the salt water interface. For example,
monitoring well G-1179 showed that in 1985 average annual water levels were depressed for a
period of four months resulting in a noticeable movement of the saline interface. The salt water
front retreated back to its former position after water levels had recovered during the following
year. However, in 1989/90, when average annual water levels were depressed for an extended
period of time, the salt water front moved inland and did not return to it's previous position.
These observations support the numerical simulations conducted by Merritt (1996) which show
that short term water level fluctuations do not result in long term movement of the salt water
interface. However, permanent movement of the interface appears to occur when water levels are
depressed for more than six months, thus affecting the average annual water level at that location.

Review of historical water level and water quality data from over 500 wells located along
Florida's lower east coast (Table A-2) showed that the relationship between chloride
concentration and water levels were not as strongly correlated as might have been expected. In
general, the higher the water level, the less likely saltwater was present in the well. However,
even under conditions where freshwater levels were in excess of five feet NGVD, six percent of
the observations showed chloride concentrations in excess of 1,000 ppm. In addition, when water



Table 1. Summary of selected monitoring wells in Broward County.

No. Station Depth (ft) Zone Dist No. of
Obs

Chloride Concentration

Mean
(ppm)

S.D.
(ppm)

Corr.
Coeff

1 G-2074 168 D 2 59 9973 2082 -0.115
2 G-1433 142 D 2 2 925 247 1.000
3 G-1435 196 D 3 1 32 0 0.000
4 G-1432 109 D 2 1 11000 0 0.000
5 G-1473 126 D 2 81 42 13 -0.210
6 G-2409 83 D 3 75 20 5 -0.142
7 G-2410 205 D 3 79 46 6 -0.079
8 G-1597 155 D 3 33 366- 43 -0.060
9 G-2073 157 D 4 25 49 15 -0.477
10 G-2073 157 D 4 30 125 26 -0.328
11 G-2425 203 D 3 34 80 12 -0.236
12 G-2426 91 D 3 27 33 5 -0.035
13 G-1240 197 D 4 41 127 85 -0.275
14 G-1237 190 C 4 5 1244 296 0.740
15 G-2260 23 C 6 2 28 3 -1.000
16 G-2489 3 C 6 2 2300 283 1.000
17 G-2125 57 C 7 55 41 7 -0.475
18 G-2121 180 C 7 4 330 85 0.753
19 G-1344 177 C 7 49 85 75 -0.118
20 G-2123 181 C 7 2 58 3 1.000
21 G-2124 110 C 7 4 23 12 0.044
22 G-2128 60 C 6 49 22 13 -0.200
23 G-2127 189 C 6 58 18 4 -0.069
24 G-2130 59 C 6 57 33 8 -0.137
25 G-2126 168 C 6 1 16 0 0.000
26 G-2122 134 C 7 57 32 8 -0.178
27 G- 854 195 C 5 57 1886 256 0.665
28 G- 515 184 C 7 20 855 71 -0.218
29 G-1343 199 C 6 61 75 17 -0.358
30 G-2091 124 B 5 36 43 8 -0.179
31 G-1211 174 B 4 3 14 4 -0.997
32 G- 820 215 B 5 11 18 6 -0.169
33 G-2054 140 A 2 5 9480 559 0.070
34 G-2062 138 A 2 37 8378 2354 0.161
35 G-2055 180 A 2 33 2391 1205 0.124
36 G-2149 107 A 2 28 137 57 -0.036
37 G-2344 96 A 2 26 34 4 0.046
38 G-2067 44 A 1 1 12 0 0.000
39 G-2063 77 A 1 6 15833 2401 -0.270
40 G-2147 16 A 1 2 34 8 -1.000
41 G-2064 200 A 1 8 6339 6598 0.914
42 G-2277 112 A 2 28 27 6 -0.510
43 G-2254 186 A 2 10 19 8 -0.568
44 G-2060 204 A 2 13 23 19 -0.242
45 G-1272 195 A 2 2 15 10 -1.000
46 G-2257 94 A 2 8 25 5 -0.447
47 G-1228 194 A 2 2 1225 389 1.000
48 G-2256 106 A 2 11 19 10 -0.521
49 G-2259 26 A 2 3 15 4 -0.979



levels were below sea level (i.e. less than 0 feet NGVD), only 41 percent of the readings had
chloride concentrations in excess of 1,000 ppm. As shown in Table A-2, the number of wells with
high chloride readings decreased with increasing water levels.

Table 2. Lower East Coast Monitoring Well Observations.

It should be noted that some of the monitoring well data may have been influenced by
localized pumping or adjacent surface water management systems. These sources may artificially
raise or lower the water table compared to non-stressed conditions. However, the results indicate
that the strict use of water levels as a criterion for prevention of saltwater intrusion, without
considering other factors, could potentially result in inaccurate conclusions.

THEORETICAL VERSUS ACTUAL POSITION OF THE SALTWATER
INTERFACE.

For comparison purposes, the theoretical Ghyben-Herzberg (GHR) relationship was
analyzed to determine its ability to stabilize the saltwater interface. The GHR takes into account
water levels, density differences of saltwater and freshwater and thickness of the aquifer to
determine the distance to the saltwater interface. The depth to the base of the Biscayne aquifer in
Miami Dade, Broward and Palm Beach Counties was determined from existing hydrogeologic
work conducted by Fish (1988), Fish and Stewart (1991), and Shine et al. (1989). The depth to the
base of the Biscayne aquifer is presented in Figure A-1. As shown, the base of the Biscayne
aquifer is generally deeper to the north and is thicker along the coast.

Water level

(feet NGVD)

Freshwater Obser-
vations

Saltwater Observa-
tions

Percent Saline

Less than 0 256 182 41%

Between 0 and 1 994 490 33%

Between 1 and 2 1996 578 22%

Between 2 and 3 1713 455 20%

Between 3 and 4 759 170 18%

Between 4 and 5 410 63 13%

Greater than 5 515 34 6%
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Figure 1. Contours at 20-foot Intervals showing the depth to the base of the Biscayne aquifer in Dade,
Broward and Palm Beach counties.



An average water level potentiometric map was also generated based on available water
level data developed from monitoring wells, canal stages (due to their direct connection between
the aquifer) and historical information (based on references cited elsewhere in this section).
Results are shown in Figure A-2 and illustrate the impact that various withdrawals and surface
water management systems have within the LEC planning area, including general lowering of the
water levels along the coast.

Figure 2. Contours at 2 Foot intervals Showing average water level potentiometric surfaces
derived from monitoring well data, canal stages and historical data for the Biscayne
Aquifer in Dade, Broward and Palm Beach Counties.



By using the thickness shown on the Biscayne aquifer map (Figure A-1) and data from the
average water level map (Figure A-2), the theoretical position of the saline interface based on the
GHR, was calculated as presented in Figure A-3. Also superimposed on Figure A-3, is the
actual position of the saline interface. Results of these analyses indicate that the actual position of
the saline interface is seaward of the theoretically calculated GHR location. These data suggest
that the GHR provides a relatively conservative estimate of the required freshwater head
necessary to stabilize the salt water interface and support Kohout's (1960) work, which reported
that up to 20 percent of the saline water that intrudes the Biscayne aquifer is returned to sea along
the seepage face.

Figure 3. Theoretical position of the saline interface based on the Ghyben-Herzberg
relationship in the Biscayne aquifer in Dade, Broward and Palm Beach counties.



Another method used to establish the freshwater/saltwater interface was the review and
analysis of chloride and water level data from approximately 200 long-term monitoring wells
located within the Lower East Coast planning area. Average dry and wet season water levels and
average chloride concentrations were calculated for each well over time and well depths were
recorded. Individual data from each monitor well are provided in the following tables of this
Appendix. Analyses of these data indicated that when water levels were maintained at, or above
the level calculated by the GHR, approximately 95% of those wells showed no significant
indication of saltwater intrusion. However, for wells that had water levels below those specified
by the GHR, more than 40% experienced some form of salt water intrusion.

These results indicate that the GHR provides estimates of water levels to prevent salt
water intrusion that may be too conservative (i.e., more water than necessary may be set aside to
protect the aquifer against saltwater intrusion than is absolutely necessary). Therefore, District
staff relied upon the statistical evaluation and review of historical water level and water quality
data acquired from Lower East Coast monitoring wells and canals as the primary method for
establishing minimum water level criteria for the Biscayne aquifer.

MAINTENANCE OF COASTAL CANAL STAGES TO CONTROL
SALTWATER INTRUSION.

South Florida Water Management Model

The SFWMD maintains the coastal canal network to provide drainage for agricultural and
urbanized areas during rainfall events and recharge local ground water resources during periods of
drought. In setting a minimum water level to prevent saltwater intrusion of the Biscayne aquifer, it
was necessary to evaluate the effect of the primary canal network on water levels within the
Biscayne aquifer. To increase our understanding of this relationship, two separate model
simulations were run using the South Florida Water Management Model (SFWMM):

1. In the first simulation, the system was operated under present
conditions. Coastal canals were maintained by the regional system
during drought periods, and continued to receive water from the WCA
system and Lake Okeechobee during low rainfall years.

2. In the second simulation, coastal canals were not maintained for water
supply purposes during drought years. District operations incorporated
into the model run did not attempt to maintain dry season water levels
in the coastal canals.

Results of simulations 1 and 2 above were compared at 20 key monitoring locations.
Table A-3 below provides a summary of these results, including key monitoring locations where
groundwater levels were predicted to fall below 1 ft NGVD along the coast..



* =Results from South Florida Water Management Model,

Results of these two simulations were compared at 20 key monitoring locations. Table A-
3 provides a summary of these results. When the coastal canals were not maintained during dry
periods, there was an increase in the number of days that coastal groundwater levels fell below 1
foot NGVD and the threat of saltwater intrusion significantly increased. When coastal water
levels were below 1 ft NGVD for longer periods of time, a reverse gradient developed as coastal
aquifer water levels fell near or below sea level. Denser saltwater from the ocean could then move
inland into the freshwater portions of the aquifer.

A review of Table A-3 indicates that water levels did not decrease for all areas along the
Lower East Coast as a result of not maintaining the coastal canal structures. In northern Palm
Beach County, monitoring wells within the cities of Jupiter and Palm Beach Gardens did not
record any change in water levels. This is because the canal network in northern Palm Beach
County is not directly connected to the regional system and receives little water from outside

Table 3: Number of months water levels indicated potential threat of saltwater intrusion along the lower
east coast of Florida.

Well Location Maintained Canal
Scenario*

Non-Maintained Canal
Scenario*

Florida City 0 44

Taylor Slough 2 9

Homestead 6 13

Cutler Ridge 0 3

Miami 0 2

North Miami 0 2

North Miami Beach 0 1

Hollywood 39 36

Fort Lauderdale 13 30

Ft. Lauderdale Airport 11 13

North Lauderdale 10 23

Pompano Beach 12 13

Deerfield Beach 16 11

Highland Beach 1 171

Boca Raton 38 58

Palm Beach Gardens 165 165

Lake Worth 48 31

Jupiter 31 31



sources other than rainfall. In addition, northern Palm Beach County is outside of the northern
extent of the Biscayne aquifer.

In central and southern Palm Beach County, there was a significant increase in the number
of times canal water levels fell below 1 ft NGVD in the Boca Raton and Highland Beach areas.
This was primarily a result of not maintaining the Lake Worth Drainage District canal network. In
contrast, canal water levels appeared to improve in the vicinity of Lake Worth and Deerfield
Beach immediately adjacent to the primary tidal discharge structures under the non-maintained
canal scenario. This may be a result of increased water levels in the interior storage basins
resulting in higher discharges to tide during rainfall events resulting in higher water levels
immediately around these discharge structures. However, it appears that all coastal areas of
central and southern Palm Beach County are directly influenced by maintained canal levels
(Table A-3).

In central and northern Broward County, coastal water levels also declined under the non-
maintained canal level scenario, indicating that the entire area is influenced by the regional canal
network. However, coastal southern Broward County does not appear to be affected by regionally
maintained canal levels (Table A-3). For example, the Hollywood monitoring area actually
showed a slight increase in water levels as a result of not maintaining the canal network. Such
increases along the coast of southeastern Broward County may be due to increased seepage flows
eastward from Water Conservation Area 3B.

All of Miami Dade County appears to be influenced by the levels maintained in the
regional canal network (Table A-3). Depressed water levels were noted for coastal areas of Miami
Dade County from North Miami Beach southward to Taylor Slough. The largest increase in
depressed heads occurred in southern Dade County (as shown in Table A-3 for Florida City,
Taylor Slough and Homestead): where the total number of months that water levels fell below 1 ft
NGVD increased from 8 months under the maintained canal scenario to 66 months under the non-
maintained canal scenario.

Results of the SFWMM simulations indicate, that for most areas, coastal water levels
appear to be highly influenced by water levels in the regional canal network. Water levels in the
coastal canals largely govern the expected inland extent of the saline interface. Managing coastal
canals at appropriate water levels during drought periods appears to be a viable option for
stabilizing the saltwater interface and preventing further inland migration of the saltwater front.

EVALUATION OF COASTAL CANAL STAGES.

Since it appears that the coastal canals help maintain water levels along the lower east
coast of Florida, an evaluation of canal stage levels was necessary. Upstream canal water levels
from eleven (11) primary canals were obtained from historical records. Daily stages, where
available, were obtained from each structure for the period of 1980 to the present. Structures in
south Miami Dade County were not included in the evaluation due to the uncertainty associated
with developing minimum flows and levels for Biscayne Bay and Florida Bay. Hydrographs and
stage duration plots for each structure were developed for the same time frame and are provided
in Appendix B.



The mean stage (50th percentile) and the 84th percentile stage for each structure are
presented in Table A-4. The 84th percentile was selected because statistically it represents one
standard deviation from the mean. Also included in Table A-4 is the canal maintenance level
utilized by the SFWMM. The levels used in the SFWMM represent the average water level at
each structure, during times when water supply deliveries were made, as determined from an
evaluation of historical canal stages. When simulated canal stages fall below this level, the
SFWMM simulates the importation of water into the canal from the Everglades system or Lake
Okeechobee.

1 = 84th percentile represents one standrad deviation from the mean.

2 = Canal stages maintained by the District at specific canals as simulated by the South Florida
Water Management Model.

The model simulation results show a general decline in coastal canal levels maintained by
the District from north to south. This is due primarily to the difference in the topography of these
two areas. With the exception of the Coastal Ridge, ground level elevations decrease from 15 - 20
ft. NGVD in Palm Beach County, to less than 5 ft. NGVD in parts of southwestern Broward and
Miami Dade County. Local canal levels must be maintained below the local ground elevation to
prevent urban and agricultural flooding.

Table 4. Stages at Key Water Management Structures Along Florida's Lower East Coast (stages are in feet
NGVD).

Canal/Water Management
Structure

Mean or 50th
percentile Stage

(ft NGVD)

84th Percentile1

(ft NGVD)

Canal Stages
Maintained by SFWMD

2

(ft NGVD)

C-51/S-155 8.12 7.74 7.80

C-16/S-41 8.23 7.72 7.80

C-15/S-40 8.39 7.59 7.80

Hillsboro Canal/G-56 7.43 6.75 7.00

C-14/S-37B 6.82 6.60 6.50

C-13/S-36 4.43 4.15 3.80

North New River/G-54 3.68 3.28 3.50

C-9/S-29 2.16 1.90 1.80

C-6/S-26 2.55 2.07 2.00

C-4/S-25B 2.55 1.95 2.20

C-4/S-22 2.86 2.04 2.20



Localized Salt Water Intrusion Modeling

The final approach used in this study of saltwater intrusion along the Lower East Coast
was the application of an existing saltwater intrusion model to study the position of the saline
interface under various simulated conditions. The model code utilized for this approach is the
SWICHA model developed by Andersen et al. (1986). The SWICHA model is a finite element
solute transport/flow model capable of simulating saltwater intrusion in the south Florida area
(Andersen et al. 1986). The two-dimensional cross sectional model was slightly modified to
allow various simulations at idealized transects along the southeast coast of Florida.

Five separate transects along the southeast coast of Florida were simulated. These
transects (or slices) through the aquifer, are located in north-central Miami Dade, south Broward,
central Broward, northern Broward and south-central Palm Beach counties. Each transect was
generally orientated in an east-west direction, with the eastern boundary of the model situated
along the coast. Saltwater intrusion modeling was not conducted in south Miami Dade County.
Such modeling will need to be done when minimum flows and levels are determined for Biscayne
Bay and Florida Bay. Modifications were needed to account for variations in aquifer thickness
and transmissivities consistent with the existing two-dimensional cross sectional model at each
site (Fish and Stewart 1991; Fish 1988; and Shine et al. 1989). The thickness of the model cross-
section is equal to the depth to the base of the Biscayne aquifer. Three scenarios were run at
steady-state conditions and assumed a constant, effective aquifer recharge rate of six inches per
year, to simulate drought conditions (Andersen et al. 1986).

Three scenarios were run at each transect to simulate various canal maintenance
operations as follows:

1. Setting the minimum canal stage, based on the mean stage or 50th
percentile as derived from stage duration curves developed for each
canal from the historical data base.

2. Setting the minimum canal stage, based on the 84th percentile derived
from stage duration curves developed from the historical data base.

3. For comparison purposes, setting the minimum canal stage, based on
the theoretical Ghyben-Herzberg relationship (GHR).

SWICHA Modeling Results

South-Central Palm Beach County Transect:

The first transect is located in south-central Palm Beach County. This idealized cross
section assumes a maximum depth of the Biscayne aquifer of 160 ft with a maximum composite
transmissivity of 170,000 ft2/day (Shine et al. 1989). The western edge of the model is assumed
to be maintained at an elevation similar to the Lake Worth Drainage District (LWDD) E-4 canal.
The LWDD E-4 canal is directly connected to the SFWMD C-51 canal and, for this simulation, is
assumed to be maintained at an elevation similar to structure S-155 illustrated in Table A-4. Thus
the three scenarios simulated canal stages at 8.12 ft NGVD, 7.74 ft NGVD, and 5.00 ft NGVD.



The results of the SWICHA model simulations are presented in Figure A-4. Results
suggest that controlling C-51 at 8.12 ft NGVD or 7.74 ft NGVD shows little difference in the
position of the saline interface. This may be due to the fact that water is flowing toward the Lake
Worth Lagoon at a rate that is sufficient to minimize movement of the saline interface. However,
when the levels in C- 51 are lowered to 5.00 ft NGVD, inland migration of the saline interface
was observed. The front appears to have moved an additional 800-1000 ft inland compared to the
other two scenarios. Movement of this degree could potentially affect existing coastal wellfields.
Both the 8.12 ft and 7.74 ft NGVD canal stages appear to maintain the position of the saline
interface. The 5.0 ft level, which was based on the GHR, appears to be unsatisfactory, due to the
potential movement of the saline interface and impact on wellfields located near the coast.

Northeastern Broward County Transect:

The second transect is located in northeastern Broward County. This idealized cross
section assumes the maximum depth of the Biscayne aquifer to be 200 ft with a composite
transmissivity of 120,000 ft2/day (Fish, 1988). The western edge of the model is assumed to be
maintained at an elevation similar to the Hillsboro Canal. The salinity control structure on the
Hillsboro Canal is G-56 and the western boundaries are maintained at the elevations specified in
Table A-4. Therefore, canal stages that were simulated for each of the three scenarios were 7.43,
6.75, and 5.00 ft NGVD. Model results showed little difference between the position of the saline
interface, whether the inland stage was maintained at either the mean, or 84 percentile level
(Figure A-4). However, the saltwater front in this instance appears to move inland an additional
600 feet when the GHR level is used as the minimum. Similar to southeastern Palm Beach
County, a number of major wellfields are located along the coast in northeastern Broward County
that could be jeopardized by additional movement of the saline interface. Therefore, the 5.00 ft
NGVD level appears unsatisfactory due to potential movement of the saline interface and possible
impacts on existing coastal wellfields.

Central Broward County Transect:

The third transect is located in northeastern Broward County. This idealized cross section
is based on the assumption that the Biscayne aquifer has a maximum depth of 160 ft and a
composite transmissivity of 170,000 ft/day (Fish, 1988). The western edge of the model is
assumed to be maintained at an elevation similar to the North New River Canal. The salinity
control structure on the Hillsboro Canal is G-54 and the western boundaries are maintained at the
elevations specified in Table A-4. Therefore, the three scenarios simulated the canal stages at
3.68, 3.28 ft, and 4.0 ft NGVD.

Figure A-4 also shows results of these three simulations. There is minimal difference
between the position of the saline interface when either the mean stage or the GHR stage is used,
even though these two stages differed by 0.32 ft. However, when canal levels are simulated at a
maintained stage of 3.28 ft, the saline interface moves several hundred feet inland in contrast to
the other two scenarios. These results suggest that little benefit can be anticipated by increasing
the canal stage from 3.68 ft to 4.00 ft. However, lowering the canal stage from 3.68 to 3.28 ft
may cause significant movement of the saline interface.



Figure 4. Simulated position of the saline interface when stages in the coastal canals are maintained
the mean, 84th percentile and calculated Ghyben-Herzber relationship water levels.



Southeastern Broward County Transect:

The fourth transect is located in southeastern Broward County. This idealized cross
section assumes an aquifer thickness of 200 ft with a composite transmissivity of 170,000 ft2/day
(Andersen et al. 1986). The western edge of the model is assumed to be maintained at an
elevation similar to the C-9 Canal. The salinity control structure on the C-9 Canal is S-29 and the
western boundaries are maintained at elevations shown in Table A-4. Therefore, the three
scenarios simulated maintenance of canal stages at 2.16, 1.90, and 4.00 ft NGVD. These results
are presented in Figure A-4. The model failed to properly converge when the western boundary
was maintained at 2.16 ft and 1.90 ft NGVD. This indicates that the salt water front may not be
stable under existing conditions. The results of an unstable interface are supported by the
monitoring data in the area which shows continued inland migration of the saline interface. The
results suggest that the saltwater front could be stabilized if a mound of freshwater, approximately
4.00 ft deep, could be created along the coast. However, it may not be feasible to use the C-9
canal to maintain such a level due to the potential for flooding in southern Broward and Northern
Dade County.

North-Central Dade County Transect:

The final transect is located in north-central Dade County. This idealized cross section
assumes a Biscayne aquifer thickness of 140 ft with a composite transmissivity of 1,000,000 ft2/
day (Fish and Stewart, 1991). The western edge of the model is assumed to be maintained at an
elevation similar to the Miami Canal. The salinity control structure on the Tamiami Canal is S-
25B and the western boundaries are maintained at the elevations specified in Table A-4.
Therefore, the three scenarios simulated maintenance of minimum canal stages of 2.55 ft, 1.95 ft,
and 3.20 ft NGVD at S-25.

The three SWICHA model simulations for Dade County presented in Figure A-4, once
again indicate that model predictions fail to properly converge when stages are maintained at 1.95
ft NGVD along the western boundary resulting in an unstable saltwater front. However, the front
appears to be stabilized in approximately the same position when the western boundary is
maintained at either 2.55 ft or 3.25 ft. Results of this simulation confirm Andersen's (1986)
observation that changes in head of even a few tenths of a foot may have widespread implications
on the position of the saline interface within the Biscayne aquifer.

Results of these three model simulations showed historical canal water levels to range
between the mean (50th percentile) and one standard deviation from the mean (84th percentile)
for each of the five transects modeled. These results show that maintenance of canal levels within
these ranges are the most appropriate for preventing further movement of the saline interface
without adversely affecting flood control. These data represent the closest fit for establishing
minimum flows and levels for each of the five transects modeled. Based on a review of these
modeling results, proposed minimum levels for each of the District’s eleven primary water
management structures are presented in Table 8 in the main body of this report.



SURFACE AND GROUNDWATER FLOWS IN SOUTH DADE COUNTY,
FLORIDA.

The situation in South Miami Dade County is highly complex. Historically, ground water
flowed eastward and discharged into Biscayne Bay, while surface waters generally flowed
southward towards the eastern Everglades, eventually reaching Florida Bay, Barnes Sound and
Card Sound. With subsequent draining of South Miami Dade County, both surface and ground
water flows to Biscayne Bay were significantly altered (Buchanan and Klein. 1976). Ground
water and surface water flows toward northeastern Florida Bay also appear to have been altered,
although additional work is needed to determine the extent. In addition to drainage, salinity
regimes and circulation patterns in Florida Bay and Barnes Sound appear to have been modified
by the construction of Flagler's Florida Keys Railroad (McIvor, et al., 1994).

A secondary problem in southern Miami Dade County is the relatively thin soil. Due to
these shallow soils, canals are cut into the oolitic and bryozoan facies of the Miami Limestone and
have penetrated into the Fort Thompson Formation in some areas. As a result, these canals are
directly connected to some of the most permeable sections of the Biscayne aquifer. It is therefore
difficult to maintain canal stages for extended periods of time without using a significant volume
of water from regional storage.

For the reasons discussed above, this report will not establish minimum flows and levels
for Florida Bay, Biscayne Bay, Card Sound, and Barnes Sound, located in southern Miami Dade
County. Results of this study and others show that a strong relationship exists between the
position of the saltwater interface and the volume of ground water that flows into these important
estuaries. However, District staff is concerned that setting a minimum level for the Biscayne
aquifer in South Miami Dade County, based solely on maintaining the existing position of the
saline interface has the potential to restrict critical ground water and surface flows that move east
towards Biscayne Bay and south towards Florida Bay. Setting a MFL for southern Miami Dade
County based solely on this information could result in unsatisfactory ground water and surface
water flows to these estuaries. Therefore, it is recommended that the MFL for the Biscayne
aquifer in southern Miami Dade County be developed concurrently with the development of
MFLs for Biscayne Bay, Florida Bay, Card Sound and Barnes Sound.



Table 5. Data from Individual Biscayne Aquifer Monitoring Wells

Well
ID

Dry season
avg.water
level (ft)

Wet season
avg.water
level (ft)

Initial
Chloride

(ppm)

Latest
Chloride

(ppm)

Avg.
Chloride

(ppm)

Well
Depth

(ft)

Dry Season
Protection
Criterion

Wet Season
Protection
Criterion

*Average Dry season water level minus theoretical head necessary to prevent saltwater intrusion
† Average Wet season water level minus theoretical head necessary to prevent saltwater intrusion

G 515 0.93 1.38 770.00 920.00 843.85 211 -4.35 -3.89
G 820 1.31 2.99 18.00 5.00 11.34 224 -4.29 -2.61
G 820A 3.67 5.23 4.40 5.00 4.70 102 1.12 2.68
G 854 2.66 3.11 1600.00 2100.00 1939.66 206 -2.49 -2.04
G1211 0.00 0.00 18.00 18.00 18.75 1 0.00 0.00
G1212 2.46 3.64 82.00 34.00 40.29 1 2.44 3.61
G1212A 2.19 2.82 28.00 21.00 33.05 83 0.11 0.75
G1228 2.02 2.82 2100.00 1400.00 1360.00 194 -2.83 -2.03
G1232 2.56 3.59 16.00 28.00 21.42 205 -2.57 -1.54
G1237 0.80 1.92 1000.00 1200.00 1212.00 200 -4.20 -3.08
G1240 1.28 1.65 240.00 200.00 124.85 197 -3.64 -3.27
G1241 2.27 2.99 58.00 3100.00 913.25 215 -3.11 -2.38
G1272 1.16 3.00 13.00 34.00 20.24 198 -3.79 -1.95
G1272A 0.00 0.00 25.00 27.00 25.67 59 0.00 0.00
G1340 2.17 3.08 50.00 34.00 39.80 217 -3.25 -2.34
G1343 1.89 2.73 64.00 88.00 76.45 210 -3.36 -2.52
G1344 1.32 1.70 250.00 80.00 88.68 182 -3.23 -2.85
G1347 0.34 1.21 40.00 34.00 38.52 200 -4.66 -3.79
G1432 0.00 0.00 11000.00 11000.00 11167.61 1 0.00 0.00
G1433 -0.03 -0.04 1200.00 12000.00 8709.30 150 -3.78 -3.79
G1434 -0.13 0.03 7100.00 10000.00 8691.67 192 -4.93 -4.77
G1435 0.59 1.40 42.00 7400.00 3526.10 204 -4.51 -3.70
G1446 0.00 0.00 2200.00 8600.00 7875.00 1 0.00 0.00
G1472 0.00 1.51 42.00 42.00 42.00 18 0.00 0.00
G1473 1.21 1.72 36.00 46.00 41.26 132 -2.09 -1.58
G1548 1.66 2.30 650.00 580.00 618.98 187 -3.01 -2.38
G1549 0.00 0.00 28.00 68.00 50.76 184 0.00 0.00
G1597 1.22 1.72 410.00 260.00 355.04 163 -2.85 -2.35
G2000 1.66 2.34 800.00 620.00 722.04 192 -3.14 -2.46
G2001 2.24 3.80 320.00 410.00 360.26 54 0.89 2.45
G2038 1.27 2.16 34.00 37.00 35.50 143 -2.30 -1.42
G2039 1.24 1.76 32.00 51.00 37.25 1 1.22 1.74
G2040 1.18 2.19 120.00 92.00 64.07 177 -3.24 -2.23
G2053 0.00 0.00 4800.00 3700.00 4500.00 1 0.00 0.00
G2054 2.79 2.94 9700.00 11000.00 9708.82 142 -0.76 -0.61
G2055 2.53 3.47 40.00 4300.00 2520.61 180 -1.97 -1.03
G2055A 0.00 0.00 9700.00 4500.00 8954.32 1 0.00 0.00
G2060 -1.97 0.22 14.00 5.00 30.07 211 -7.24 -5.05
G2062 0.66 1.09 9700.00 4900.00 8224.10 139 -2.81 -2.38
G2063 0.10 0.49 15000.00 16000.00 16633.80 82 -1.95 -1.56
G2064 0.75 1.70 1700.00 12000.00 11461.32 201 -4.27 -3.32
G2067 1.41 3.13 12.00 12.00 12.00 45 0.29 2.01
G2073 1.35 1.77 110.00 140.00 121.95 190 -3.40 -2.98
G2073A 1.43 1.95 68.00 48.00 42.55 157 -2.49 -1.98
G2074 0.22 1.32 6600.00 11000.00 9473.59 168 -3.98 -2.88
G2090 2.87 3.86 22.00 32.00 39.98 101 0.34 1.34
G2091 1.81 2.35 44.00 54.00 43.11 124 -1.29 -0.75
G2121 0.00 0.00 330.00 300.00 292.07 185 0.00 0.00
G2122 1.35 2.01 38.00 34.00 31.81 135 -2.03 -1.36
G2123 0.00 3.90 58.00 36.00 51.64 182 0.00 0.00
G2124 0.00 0.00 40.00 36.00 24.22 1 0.00 0.00
G2125 1.73 2.28 42.00 32.00 38.70 58 0.28 0.83
G2126 0.00 0.00 18.00 28.00 20.91 169 0.00 0.00
G2127 1.12 1.52 24.00 18.00 21.53 190 -3.63 -3.23
G2128 1.12 1.47 70.00 8.00 35.53 61 -0.41 -0.06
G2129 1.38 1.99 18.00 12.00 13.92 180 -3.12 -2.51
G2130 1.19 1.79 34.00 26.00 31.84 60 -0.31 0.29
G2147 1.39 0.00 40.00 28.00 34.00 16 0.99 -0.40
G2149 1.99 2.82 18.00 310.00 145.23 137 -1.43 -0.60
G2156 11.97 13.00 21.00 19.00 17.00 100 9.47 10.50
G2160 0.00 0.00 17.00 25.00 23.80 145 0.00 0.00
G2160A 0.00 0.00 5.70 15.00 8.80 53 0.00 0.00
G2161 0.00 0.00 83.00 80.00 81.33 200 0.00 0.00
G2161A 0.00 0.00 3.00 8.00 4.50 55 0.00 0.00
G2176 1.58 2.23 190.00 470.00 186.37 171 -2.70 -2.04



Table 5 (Continued) Data from Individual Biscayne Aquifer Monitoring Wells

Well
ID

Dry season
avg.water
level (ft)

Wet season
avg.water
level (ft)

Initial
Chloride

(ppm)

Latest
Chloride

(ppm)

Avg.
Chloride

(ppm)

Well
Depth

(ft)

Dry Season
Protection
Criterion

Wet Season
Protection
Criterion

*Average Dry season water level minus theoretical head necessary to prevent saltwater intrusion
† Average Wet season water level minus theoretical head necessary to prevent saltwater intrusion

G2176A 1.57 2.22 36.00 32.00 32.30 63 -0.01 0.64
G2180 1.52 2.30 180.00 170.00 177.14 106 -1.13 -0.35
G2199 0.00 0.00 89.00 89.00 89.00 42 0.00 0.00
G2201 0.00 0.00 69.00 69.00 69.00 41 0.00 0.00
G2254 2.38 4.99 18.00 20.00 18.45 1 2.35 4.97
G2255 0.00 2.65 7100.00 17000.00 14118.18 203 0.00 0.00
G2256 2.17 3.32 14.00 48.00 27.62 110 -0.58 0.57
G2257 1.65 3.34 18.00 52.00 28.38 94 -0.70 0.99
G2259 2.38 3.26 10.00 16.00 13.20 26 1.73 2.61
G2260 0.00 0.00 28.00 13.00 22.20 1 0.00 0.00
G2261 0.00 0.00 140.00 110.00 146.67 1 0.00 0.00
G2262 0.00 0.00 1300.00 1400.00 1320.00 1 0.00 0.00
G2263 0.00 0.00 21.00 960.00 262.75 1 0.00 0.00
G2264 0.00 0.00 40.00 39.00 39.18 1 0.00 0.00
G2265 0.00 0.00 240.00 38.00 232.00 1 0.00 0.00
G2266 0.00 0.00 46.00 8.00 36.50 1 0.00 0.00
G2267 0.00 0.00 42.00 54.00 48.00 1 0.00 0.00
G2268 0.00 0.00 42.00 48.00 35.62 168 0.00 0.00
G2269 0.00 0.00 38.00 38.00 41.11 50 0.00 0.00
G2270 0.00 0.00 70.00 64.00 73.12 184 0.00 0.00
G2274 3.65 5.74 19.00 21.00 20.00 130 0.40 2.49
G2274A 4.55 6.57 19.00 19.00 19.00 57 3.13 5.15
G2275 3.63 5.30 12.00 10.00 12.00 157 -0.29 1.37
G2276 0.00 0.00 18.00 40.00 119.63 200 0.00 0.00
G2277 2.44 3.91 24.00 30.00 29.67 131 -0.84 0.64
G2278 3.00 4.29 24.00 28.00 20.50 203 -2.07 -0.78
G2281 0.00 0.00 79.00 79.00 79.00 40 0.00 0.00
G2283 0.00 0.00 69.00 69.00 69.00 40 0.00 0.00
G2285 0.00 0.00 66.00 66.00 66.00 40 0.00 0.00
G2294 1.08 1.83 56.00 98.00 103.83 135 -2.29 -1.54
G2295 0.00 0.00 10.00 64.00 27.34 1 0.00 0.00
G2296 0.00 0.00 23000.00 19000.00 21000.00 1 0.00 0.00
G2311 0.00 0.00 95.00 910.00 555.68 1 0.00 0.00
G2312 0.00 0.00 150.00 320.00 174.24 1 0.00 0.00
G2313 0.00 0.00 130.00 1700.00 719.64 1 0.00 0.00
G2314 0.00 0.00 38.00 800.00 267.30 1 0.00 0.00
G2315 0.00 0.00 140.00 1700.00 845.00 1 0.00 0.00
G2316 0.00 0.00 73.00 680.00 209.11 1 0.00 0.00
G2317 0.00 0.00 100.00 74.00 88.44 1 0.00 0.00
G2318 0.00 0.00 64.00 100.00 77.15 1 0.00 0.00
G2319 0.00 0.00 110.00 720.00 410.10 1 0.00 0.00
G2320 0.00 0.00 58.00 550.00 271.00 1 0.00 0.00
G2321 0.00 0.00 130.00 260.00 142.00 1 0.00 0.00
G2322 0.00 0.00 130.00 350.00 141.50 1 0.00 0.00
G2323 0.00 0.00 140.00 320.00 147.87 1 0.00 0.00
G2325 0.00 0.00 90.00 120.00 26.62 1 0.00 0.00
G2327 0.00 0.00 18.00 900.00 330.17 1 0.00 0.00
G2328 0.00 0.00 39.00 220.00 89.21 1 0.00 0.00
G2329 0.00 0.00 130.00 140.00 133.33 1 0.00 0.00
G2330 0.00 0.00 62.00 450.00 294.80 1 0.00 0.00
G2338 0.00 0.00 58.00 200.00 183.45 1 0.00 0.00
G2340 0.00 0.00 100.00 300.00 195.20 1 0.00 0.00
G2341 0.00 0.00 150.00 500.00 151.67 1 0.00 0.00
G2342 0.00 0.00 35.00 140.00 79.18 1 0.00 0.00
G2344 0.00 0.00 26.00 70.00 26.38 1 0.00 0.00
G2344A 0.83 1.96 26.00 28.00 30.78 93 -1.49 -0.36
G2344B -0.02 2.75 8.00 8.00 8.00 52 -1.32 1.45
G2345 0.00 0.00 35.00 530.00 88.38 103 0.00 0.00
G2345X 0.00 0.00 27.00 32.00 28.17 103 0.00 0.00
G2346 0.00 0.00 120.00 240.00 234.29 1 0.00 0.00
G2347 0.00 0.00 40.00 8300.00 5425.05 1 0.00 0.00
G2348 0.00 0.00 44.00 1500.00 390.80 122 0.00 0.00
G2349 0.00 0.00 76.00 10000.00 2796.57 136 0.00 0.00
G2350 0.00 0.00 44.00 1400.00 254.17 171 0.00 0.00
G2351A -0.44 -0.43 46.00 9300.00 6712.86 1 -0.46 -0.45
G2352 0.00 1.87 32.00 310.00 273.56 1 0.00 0.00



Table 5 (Continued). Data from Individual Biscayne Aquifer Monitoring Wells

Well
ID

Dry season
avg.water
level (ft)

Wet season
avg.water
level (ft)

Initial
Chloride

(ppm)

Latest
Chloride

(ppm)

Avg.
Chloride

(ppm)

Well
Depth

(ft)

Dry Season
Protection
Criterion

Wet Season
Protection
Criterion

*Average Dry season water level minus theoretical head necessary to prevent saltwater intrusion
† Average Wet season water level minus theoretical head necessary to prevent saltwater intrusion

G2353 0.00 0.00 28.00 1500.00 489.00 237 0.00 0.00
G2354 0.00 0.00 41.00 550.00 148.10 231 0.00 0.00
G2355 0.00 0.00 73.00 73.00 73.00 96 0.00 0.00
G2355A 0.00 0.00 140.00 140.00 140.00 53 0.00 0.00
G2356 0.00 0.00 55.00 59.00 57.67 96 0.00 0.00
G2356A 0.00 0.00 49.00 60.00 54.00 56 0.00 0.00
G2357 0.00 0.00 77.00 76.00 76.67 83 0.00 0.00
G2357A 0.00 0.00 75.00 73.00 75.67 56 0.00 0.00
G2358 0.00 0.00 80.00 78.00 78.33 100 0.00 0.00
G2358A 0.00 0.00 100.00 110.00 110.00 49 0.00 0.00
G2359 5.74 5.97 28.00 29.00 28.67 101 3.22 3.44
G2359A 5.77 5.95 28.00 27.00 26.67 59 4.29 4.47
G2360 0.00 0.00 18.00 18.00 17.67 100 0.00 0.00
G2360A 0.00 0.00 4.00 4.00 4.00 51 0.00 0.00
G2361 4.97 5.01 39.00 42.00 41.33 82 2.92 2.96
G2361A 5.04 5.05 24.00 27.00 26.00 45 3.92 3.92
G2362 0.00 0.00 110.00 110.00 106.67 61 0.00 0.00
G2362A 0.00 0.00 110.00 110.00 106.67 24 0.00 0.00
G2363 0.00 0.00 25.00 21.00 23.00 80 0.00 0.00
G2363A 0.00 0.00 28.00 40.00 34.33 20 0.00 0.00
G2364 0.00 0.00 37.00 39.00 35.33 80 0.00 0.00
G2364A 0.00 0.00 9.00 9.00 9.00 19 0.00 0.00
G2365 0.00 0.00 24.00 57.00 46.67 74 0.00 0.00
G2365A 0.00 0.00 28.00 23.00 26.25 35 0.00 0.00
G2365B 0.00 0.00 16.00 19.00 16.33 1 0.00 0.00
G2366 0.00 0.00 47.00 54.00 52.00 57 0.00 0.00
G2366A 0.00 0.00 57.00 49.00 53.00 28 0.00 0.00
G2367 0.00 0.00 100.00 100.00 99.67 65 0.00 0.00
G2367A 0.00 0.00 98.00 92.00 95.00 25 0.00 0.00
G2368A 0.00 0.00 5.00 7.40 6.20 11 0.00 0.00
G2369 0.00 0.00 21.00 20.00 20.33 75 0.00 0.00
G2369A 0.00 0.00 17.00 23.00 20.00 22 0.00 0.00
G2370 -1.24 0.57 38.00 37.00 38.00 101 -3.77 -1.96
G2370A -0.86 0.85 11.00 10.00 12.67 51 -2.13 -0.42
G2371 0.00 0.00 50.00 50.00 50.00 80 0.00 0.00
G2371A 0.00 0.00 43.00 43.00 43.00 14 0.00 0.00
G2372 0.00 0.00 58.00 58.00 58.00 105 0.00 0.00
G2372A 0.00 0.00 14.00 14.00 14.00 32 0.00 0.00
G2373 0.00 0.00 120.00 120.00 120.00 60 0.00 0.00
G2373A 0.00 0.00 120.00 120.00 120.00 21 0.00 0.00
G2374 0.00 0.00 31.00 31.00 31.00 93 0.00 0.00
G2374A 0.00 0.00 10.00 10.00 10.00 34 0.00 0.00
G2385 0.00 0.00 41.00 43.00 43.00 1 0.00 0.00
G2385A 0.00 0.00 43.00 41.00 42.00 1 0.00 0.00
G2386A 0.00 0.00 15.00 130.00 104.75 1 0.00 0.00
G2386B 0.00 0.00 93.00 140.00 110.88 1 0.00 0.00
G2386C 0.00 0.00 110.00 140.00 112.12 1 0.00 0.00
G2386D 0.00 0.00 7.80 7.00 11.98 1 0.00 0.00
G2386E 0.00 0.00 40.00 17.00 30.44 1 0.00 0.00
G2386F 0.00 0.00 95.00 22.00 42.25 1 0.00 0.00
G2386G 0.00 0.00 6.00 9.00 11.30 1 0.00 0.00
G2386H 0.00 0.00 33.00 7.00 15.64 1 0.00 0.00
G2386I 0.00 0.00 35.00 9.00 21.50 1 0.00 0.00
G2386J 0.00 0.00 68.00 73.00 69.67 1 0.00 0.00
G2386K 0.00 0.00 98.00 91.00 95.67 1 0.00 0.00
G2386L 0.00 0.00 7.60 6.20 5.80 1 0.00 0.00
G2386M 0.00 0.00 3.20 2.00 2.53 1 0.00 0.00
G2386N 0.00 0.00 64.00 68.00 65.33 1 0.00 0.00
G2386O 0.00 0.00 68.00 62.00 62.00 1 0.00 0.00
G2386P 0.00 0.00 23.00 11.00 19.00 1 0.00 0.00
G2387A 0.00 0.00 93.00 95.00 84.67 1 0.00 0.00
G2387B 0.00 0.00 84.00 94.00 83.33 1 0.00 0.00
G2387C 0.00 0.00 97.00 100.00 101.75 1 0.00 0.00
G2387D 0.00 0.00 87.00 83.00 83.33 1 0.00 0.00
G2387E 0.00 0.00 77.00 90.00 78.25 1 0.00 0.00
G2387F 0.00 0.00 220.00 140.00 190.00 1 0.00 0.00



Table 5 (Continued). Data from Individual Biscayne Aquifer Monitoring Wells
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level (ft)

Wet season
avg.water
level (ft)

Initial
Chloride

(ppm)

Latest
Chloride

(ppm)

Avg.
Chloride

(ppm)

Well
Depth

(ft)

Dry Season
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*Average Dry season water level minus theoretical head necessary to prevent saltwater intrusion
† Average Wet season water level minus theoretical head necessary to prevent saltwater intrusion

G2408 1.30 1.83 56.00 56.00 56.00 1 1.27 1.80
G2409 1.19 1.78 48.00 34.00 20.50 83 -0.89 -0.30
G2410 1.27 1.88 46.00 350.00 68.74 205 -3.86 -3.25
G2419 0.00 0.00 110.00 140.00 123.33 1 0.00 0.00
G2420 0.00 0.00 130.00 130.00 126.67 1 0.00 0.00
G2421 0.00 0.00 140.00 120.00 130.00 1 0.00 0.00
G2422 0.00 0.00 110.00 140.00 86.20 1 0.00 0.00
G2423 0.00 0.00 140.00 120.00 130.00 1 0.00 0.00
G2424 0.00 0.00 120.00 120.00 116.67 1 0.00 0.00
G2425 1.46 1.98 24.00 26.00 70.78 203 -3.61 -3.09
G2426 1.53 2.01 30.00 74.00 35.56 91 -0.74 -0.26
G2441 0.00 2.21 34.00 210.00 267.41 181 0.00 0.00
G2445 0.00 0.00 64.00 320.00 216.74 132 0.00 0.00
G2447 0.00 0.00 26.00 58.00 52.51 135 0.00 0.00
G2477 1.77 2.38 34.00 36.00 37.92 75 -0.11 0.51
G2478 1.69 2.33 40.00 68.00 54.30 195 -3.19 -2.54
G2480 2.45 3.79 46.00 60.00 67.86 102 -0.10 1.24
G2487 0.00 0.00 4400.00 6500.00 3827.50 3 0.00 0.00
G2488 0.00 0.00 7500.00 6300.00 4348.00 1 0.00 0.00
G2489 1.25 0.00 2500.00 4100.00 2900.00 1 1.23 -0.03
G2490 0.00 0.00 1400.00 1500.00 1625.00 4 0.00 0.00
G2491 0.00 0.00 2000.00 4600.00 2522.00 3 0.00 0.00
G2492 0.00 0.00 37.00 32.00 30.00 8 0.00 0.00
G2493 0.00 0.00 62.00 60.00 62.50 11 0.00 0.00
G2494 0.00 0.00 940.00 80.00 663.33 15 0.00 0.00
G2509 2.12 2.45 47.00 68.00 81.00 1 2.10 2.43
G2516 0.00 0.00 42.00 42.00 42.00 1 0.00 0.00
G2523 0.00 0.00 52.00 48.00 43.00 1 0.00 0.00
G2612 0.00 0.57 28.00 120.00 169.69 273 0.00 0.00
G2614 0.00 0.00 360.00 64.00 231.00 50 0.00 0.00
G2615 0.00 0.00 44.00 660.00 665.92 175 0.00 0.00
G2616 0.00 0.00 40.00 300.00 100.24 1 0.00 0.00
G2617 59.19 58.91 1100.00 1100.00 1120.00 1 59.16 58.89
G2618 58.83 59.61 600.00 630.00 622.86 1 58.81 59.58
G2619 59.63 59.52 1100.00 1100.00 1122.22 1 59.60 59.50
G2620 58.04 58.01 1400.00 1500.00 1533.33 1 58.02 57.99
G2621 0.00 0.00 330.00 4200.00 2977.69 300 0.00 0.00
G2704 3.78 -1.53 40.00 40.00 40.00 1 3.75 -1.55
G2708 8.46 8.78 14.00 14.00 14.00 1 8.44 8.76
G2711 3.76 4.40 52.00 52.00 52.00 10 3.51 4.15
G2712 4.28 4.72 18.00 18.00 18.00 10 4.03 4.47
G2713 6.83 6.99 16.00 16.00 16.00 1 6.80 6.97
G2716 2.50 3.28 16.00 16.00 16.00 10 2.25 3.03
G2718 3.36 3.66 32.00 32.00 32.00 150 -0.39 -0.09
G2719 4.44 5.14 34.00 34.00 34.00 55 3.07 3.77
G2721 8.32 8.30 22.00 22.00 22.00 1 8.29 8.27
G2722 9.49 9.63 40.00 40.00 40.00 1 9.47 9.61
G2723 2.96 2.04 12.00 12.00 12.00 1 2.93 2.02
G2724 3.71 4.04 18.00 18.00 18.00 174 -0.64 -0.31
G2725 2.71 2.90 260.00 160.00 178.00 170 -1.54 -1.35
G2726 8.64 8.83 18.00 18.00 18.00 1 8.61 8.81
G2728 2.90 3.21 54.00 54.00 54.00 20 2.40 2.71
G2729 2.60 2.94 34.00 34.00 34.00 156 -1.30 -0.96
G2730 2.13 2.67 8600.00 7100.00 7850.00 162 -1.92 -1.38
G2731 2.64 2.87 10.00 10.00 10.00 170 -1.61 -1.38
G2732 3.40 2.73 16.00 34.00 28.80 1 3.38 2.71
G2733 3.10 3.37 16.00 34.00 28.80 100 0.60 0.87
G2735 3.63 3.85 24.00 24.00 24.00 150 -0.12 0.10
G2737 2.50 2.93 190.00 270.00 272.50 150 -1.25 -0.82
G2738 4.23 4.82 30.00 30.00 30.00 1 4.20 4.80
G2807 0.00 2.01 38.00 34.00 39.00 1 0.00 0.00
G2852 9.01 9.18 35.00 40.00 41.50 130 5.76 5.93
G1352 -0.01 2.70 210.00 210.00 210.00 160 -4.01 -1.30
S 830 0.00 0.00 3800.00 2400.00 2781.25 1 0.00 0.00
S1414 0.00 0.00 80.00 52.00 72.67 1 0.00 0.00
S1488 0.00 0.00 44.00 38.00 42.00 1 0.00 0.00
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S1489 0.00 0.00 36.00 36.00 35.00 1 0.00 0.00
S2003 0.00 0.00 71.00 71.00 71.00 1 0.00 0.00
S1533M 0.00 0.00 7100.00 7100.00 7100.00 1 0.00 0.00
F 2A 1.92 3.18 350.00 92.00 208.20 1 1.90 3.16
F 5 0.46 1.53 150.00 170.00 142.00 1 0.44 1.50
F 45 2.09 2.62 140.00 170.00 135.81 85 -0.04 0.49
F 214 2.12 2.73 94.00 24.00 73.44 1 2.09 2.71
F 237A 0.00 0.00 400.00 160.00 294.55 1 0.00 0.00
F 279 1.69 1.83 1400.00 2800.00 1900.00 117 -1.24 -1.10
F 297 0.00 0.00 1700.00 1700.00 1700.00 1 0.00 0.00
F 298 0.00 0.00 1300.00 1400.00 1350.00 1 0.00 0.00
F 390 0.00 0.00 280.00 200.00 234.44 1 0.00 0.00
F 414 0.13 1.36 32.00 28.00 35.62 65 -1.50 -0.26
F 441 0.65 1.64 50.00 28.00 47.13 57 -0.77 0.21
F 481 1.26 1.59 360.00 260.00 310.00 1 1.24 1.57
F 483 1.70 2.01 120.00 66.00 91.12 1 1.67 1.99
G 354 3.89 4.62 640.00 90.00 131.86 90 1.64 2.37
G 355 1.74 2.03 310.00 100.00 202.00 83 -0.34 -0.04
G 430 0.00 3.73 44.00 32.00 34.86 98 0.00 0.00
G 432 1.18 1.75 32.00 2000.00 1145.42 100 -1.32 -0.75
G 548 1.47 1.87 490.00 100.00 210.72 97 -0.96 -0.56
G 570 1.04 1.85 850.00 64.00 234.77 87 -1.14 -0.32
G 571 0.67 1.11 630.00 62.00 117.01 95 -1.71 -1.27
G 576 2.64 3.22 220.00 16.00 121.15 97 0.21 0.80
G 577 -0.53 0.41 320.00 1.30 98.53 99 -3.01 -2.06
G 581A 2.28 2.80 24.00 16.00 16.08 1 2.25 2.78
G 788 0.00 0.00 42.00 44.00 42.67 1 0.00 0.00
G 894 1.72 2.23 1400.00 34.00 177.30 76 -0.18 0.33
G 896 2.29 2.63 330.00 500.00 557.35 74 0.44 0.78
G 901 2.61 3.07 28.00 2200.00 674.98 96 0.21 0.67
G 939 1.62 1.93 2000.00 1500.00 2475.19 60 0.12 0.43
G1009B 2.80 2.88 18.00 22.00 34.27 100 0.30 0.38
G1035A 0.00 0.00 1000.00 1600.00 1254.38 1 0.00 0.00
G1179 1.87 2.25 4600.00 4300.00 4297.21 51 0.60 0.97
G1180 0.83 1.33 22.00 14.00 27.47 67 -0.84 -0.34
G1183 1.92 2.43 20.00 16.00 48.27 47 0.74 1.25
G1251 1.50 2.21 22.00 36.00 36.95 59 0.02 0.74
G1256 0.00 0.00 6900.00 6700.00 6359.67 1 0.00 0.00
G1264 1.70 2.18 76.00 94.00 77.36 7 1.53 2.01
G1265A 0.00 0.00 6600.00 5300.00 5048.24 1 0.00 0.00
G1268 2.23 2.13 250.00 220.00 427.69 1 2.20 2.11
G1270 1.94 2.38 26.00 20.00 21.79 27 1.27 1.70
G1350 1.50 2.12 100.00 24.00 52.61 1 1.48 2.10
G1351 1.66 1.94 2000.00 120.00 768.31 1 1.63 1.91
G1352 2.14 2.25 180.00 90.00 114.30 160 -1.86 -1.75
G1354 1.49 2.43 500.00 16.00 151.42 103 -1.09 -0.15
G1355 0.00 0.00 2800.00 2400.00 3162.50 154 0.00 0.00
G1356 0.00 0.00 1500.00 950.00 990.00 1 0.00 0.00
G1357 0.00 0.00 1300.00 22.00 661.00 203 0.00 0.00
G1603 2.00 2.47 4900.00 700.00 1751.14 1 1.98 2.45
G1604 1.93 2.89 28.00 62.00 53.99 62 0.38 1.34
G1604A 2.42 3.08 20.00 22.00 22.88 92 0.12 0.78
G3061 43.49 0.00 1200.00 1200.00 1200.00 1 43.46 -0.03
G3062 0.00 0.00 1200.00 1200.00 1200.00 1 0.00 0.00
G3124 0.00 0.00 72.00 72.00 72.00 12 0.00 0.00
G3157 0.00 3.58 22.00 94.00 26.55 110 0.00 0.00
G3158 0.00 0.00 24.00 10.00 18.60 1 0.00 0.00
G3159 0.00 0.00 190.00 56.00 188.93 1 0.00 0.00
G3160 0.00 0.00 20.00 72.00 44.00 1 0.00 0.00
G3161 0.00 0.00 380.00 400.00 404.29 1 0.00 0.00
G3162 1.80 2.09 310.00 1100.00 574.23 92 -0.50 -0.21
G3163 0.00 0.00 32.00 32.00 29.33 1 0.00 0.00
G3164 0.00 0.00 78.00 100.00 92.46 1 0.00 0.00
G3165 0.00 0.00 80.00 18.00 23.93 1 0.00 0.00
G3166 0.00 0.00 180.00 38.00 171.04 1 0.00 0.00
G3167 0.00 0.00 230.00 78.00 153.51 1 0.00 0.00
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G3205 0.00 0.00 62.00 62.00 62.00 1 0.00 0.00
G3224 0.00 0.00 32.00 13.00 33.96 1 0.00 0.00
G3226 8.66 0.00 690.00 440.00 481.43 1 8.64 -0.03
G3229 0.00 0.00 850.00 290.00 359.52 85 0.00 0.00
G3235 0.00 0.00 44.00 48.00 46.08 1 0.00 0.00
G3235A 1.70 2.09 46.00 50.00 38.73 1 1.68 2.06
G3250 -3.32 -0.57 90.00 200.00 244.71 116 -6.22 -3.47
G3253A -1.93 1.82 53.00 53.00 53.00 1 -1.95 1.79
G3260A 1.53 3.04 45.00 45.00 45.00 1 1.51 3.01
G3261A 1.87 3.01 50.00 50.00 50.00 1 1.84 2.99
G3262A 1.95 3.05 61.00 61.00 61.00 1 1.92 3.03
G3263A 1.94 3.12 45.00 45.00 45.00 1 1.92 3.09
G3264A 2.16 2.83 37.00 37.00 37.00 50 0.91 1.58
G3276 -0.42 1.70 51.00 51.00 51.00 1 -0.45 1.68
G3281 -1.67 0.72 45.00 45.00 45.00 1 -1.69 0.69
G3284 -1.05 0.50 41.00 41.00 41.00 1 -1.07 0.48
G3284A 0.74 2.06 45.00 45.00 45.00 1 0.72 2.03
G3284B 1.08 2.26 45.00 45.00 45.00 1 1.05 2.24
G3285 -2.83 0.00 37.00 37.00 37.00 1 -2.86 -0.03
G3285A -0.84 0.00 43.00 43.00 43.00 1 -0.86 -0.03
G3286 0.60 1.44 39.00 39.00 39.00 1 0.57 1.42
G3286A -4.20 -5.83 33.00 33.00 33.00 1 -4.22 -5.86
G3287 0.60 1.25 34.00 34.00 34.00 1 0.57 1.22
G3287A -0.24 0.63 32.00 32.00 32.00 1 -0.26 0.61
G3288 2.30 3.27 43.00 43.00 43.00 1 2.27 3.25
G3288A 1.78 2.46 41.00 41.00 41.00 1 1.76 2.43
G3289 -0.12 0.85 45.00 45.00 45.00 1 -0.14 0.83
G3290 1.13 2.31 45.00 45.00 45.00 1 1.10 2.28
G3291 0.67 1.70 45.00 45.00 45.00 1 0.64 1.67
G3293 -0.98 3.38 23.00 23.00 23.00 1 -1.00 3.36
G3294 0.00 0.00 85.00 76.00 135.65 1 0.00 0.00
G3294B 0.00 0.00 96.00 96.00 96.00 78 0.00 0.00
G3295 0.00 0.00 16.00 97.00 40.95 1 0.00 0.00
G3295B 0.00 0.00 37.00 37.00 37.00 70 0.00 0.00
G3296 0.00 0.00 48.00 420.00 133.47 191 0.00 0.00
G3296B 0.00 0.00 33.00 33.00 33.00 56 0.00 0.00
G3297 0.00 0.00 64.00 190.00 134.62 1 0.00 0.00
G3297B 0.00 0.00 98.00 98.00 98.00 67 0.00 0.00
G3298 1.83 2.87 50.00 43.00 47.55 166 -2.32 -1.28
G3299 0.00 0.00 34.00 740.00 283.46 1 0.00 0.00
G3299B 0.00 0.00 42.00 42.00 42.00 90 0.00 0.00
G3299D 0.00 0.00 380.00 380.00 380.00 1 0.00 0.00
G3300 0.00 0.00 58.00 87.00 8675.23 1 0.00 0.00
G3300B 0.00 0.00 860.00 860.00 860.00 36 0.00 0.00
G3300D 0.00 0.00 100.00 100.00 100.00 1 0.00 0.00
G3301 0.00 0.00 38.00 39.00 36.27 173 0.00 0.00
G3301B 0.00 0.00 34.00 34.00 34.00 70 0.00 0.00
G3302 0.00 0.00 95.00 56.00 72.07 1 0.00 0.00
G3302B 0.00 0.00 53.00 53.00 53.00 84 0.00 0.00
G3303 0.00 0.00 62.00 290.00 127.70 182 0.00 0.00
G3303B 0.00 0.00 77.00 77.00 77.00 70 0.00 0.00
G3304 0.00 0.00 56.00 85.00 52.90 186 0.00 0.00
G3304B 0.00 0.00 46.00 46.00 46.00 73 0.00 0.00
G3305 0.00 0.00 46.00 50.00 43.50 177 0.00 0.00
G3305B 0.00 0.00 38.00 38.00 38.00 60 0.00 0.00
G3306 0.00 0.00 8.00 8.00 8.00 215 0.00 0.00
G3306B 0.00 0.00 37.00 37.00 37.00 97 0.00 0.00
G3306D 0.00 0.00 59.00 59.00 59.00 130 0.00 0.00
G3307 0.00 0.00 42.00 6600.00 6205.38 1 0.00 0.00
G3307B 0.00 0.00 39.00 39.00 39.00 60 0.00 0.00
G3308 0.00 0.00 44.00 39.00 42.64 170 0.00 0.00
G3308B 0.00 0.00 600.00 600.00 600.00 50 0.00 0.00
G3309 0.00 0.00 58.00 79.00 83.81 175 0.00 0.00
G3309B 0.00 0.00 99.00 99.00 99.00 64 0.00 0.00
G3310 0.00 0.00 36.00 10.00 21.95 1 0.00 0.00
G3310B 0.00 0.00 31.00 31.00 31.00 59 0.00 0.00
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G3310C 0.00 0.00 10.00 10.00 10.00 133 0.00 0.00
G3311 0.00 0.00 26.00 15.00 21.00 217 0.00 0.00
G3311B 0.00 0.00 18.00 18.00 18.00 53 0.00 0.00
G3311D 0.00 0.00 13.00 13.00 13.00 160 0.00 0.00
G3312 0.00 0.00 18.00 15.00 16.89 1 0.00 0.00
G3312A 0.00 0.00 15.00 15.00 15.00 28 0.00 0.00
G3313 0.00 0.00 52.00 24.00 36.55 213 0.00 0.00
G3313B 0.00 0.00 45.00 45.00 45.00 53 0.00 0.00
G3314A 0.00 0.00 42.00 40.00 26.00 1 0.00 0.00
G3314C 0.00 0.00 13.00 13.00 13.00 1 0.00 0.00
G3315A 0.00 0.00 19.00 19.00 19.00 30 0.00 0.00
G3315C 0.00 0.00 16.00 19.00 17.50 117 0.00 0.00
G3316 0.00 0.00 62.00 8100.00 4545.41 1 0.00 0.00
G3316A 0.00 0.00 41.00 41.00 41.00 30 0.00 0.00
G3316C 0.00 0.00 8200.00 8200.00 8200.00 1 0.00 0.00
G3317 0.00 0.00 20.00 1600.00 1365.12 1 0.00 0.00
G3317B 0.00 0.00 16.00 16.00 16.00 1 0.00 0.00
G3318 0.00 0.00 18.00 750.00 583.76 1 0.00 0.00
G3318A 0.00 0.00 17.00 17.00 17.00 23 0.00 0.00
G3318B 0.00 0.00 610.00 610.00 610.00 1 0.00 0.00
G3318C 0.00 0.00 790.00 790.00 790.00 1 0.00 0.00
G3319 0.00 0.00 30.00 13.00 19.27 240 0.00 0.00
G3319B 0.00 0.00 11.00 11.00 11.00 81 0.00 0.00
G3320 0.00 0.00 29.00 29.00 29.00 86 0.00 0.00
G3320B 0.00 0.00 29.00 29.00 29.00 50 0.00 0.00
G3322 0.00 0.00 1200.00 12000.00 10372.73 1 0.00 0.00
G3323 0.00 0.00 2900.00 2900.00 2900.00 1 0.00 0.00
G3323B 0.00 0.00 1200.00 1200.00 1200.00 1 0.00 0.00
G3324 0.00 0.00 24.00 570.00 2046.96 1 0.00 0.00
G3324B 0.00 0.00 31.00 31.00 31.00 30 0.00 0.00
G3324C 0.00 0.00 13000.00 13000.00 13000.00 1 0.00 0.00
G3326 -1.92 1.55 53.00 53.00 53.00 1 -1.94 1.53
G3332 1.55 4.31 54.00 54.00 54.00 1 1.53 4.28
G3334 0.00 0.00 44.00 36.00 36.80 1 0.00 0.00
G3334A 0.00 0.00 30.00 29.00 29.67 1 0.00 0.00
G3334B 0.00 0.00 32.00 29.00 31.83 1 0.00 0.00
G3335 0.00 0.00 30.00 27.00 29.00 1 0.00 0.00
G3335A 0.00 0.00 27.00 27.00 28.00 1 0.00 0.00
G3336 1.88 2.54 34.00 42.00 40.21 38 0.93 1.59
G3337 1.76 2.32 84.00 86.00 92.51 100 -0.74 -0.18
G3338 2.02 2.48 48.00 70.00 61.43 58 0.57 1.03
G3339 1.86 2.32 60.00 94.00 79.52 58 0.41 0.87
G3340 1.60 2.06 4300.00 2600.00 3385.71 48 0.40 0.86
G3341 1.74 2.23 16.00 20.00 18.41 1 1.71 2.20
G3342 1.69 2.14 2400.00 2400.00 2562.96 79 -0.29 0.17
G3343 1.24 1.74 22.00 27.00 25.82 1 1.21 1.71
G3344 2.17 2.68 230.00 84.00 107.83 59 0.70 1.20
G3345 1.63 1.88 1700.00 2500.00 2117.14 79 -0.35 -0.10
G3346 1.52 2.05 8300.00 7500.00 7831.82 1 1.50 2.02
G3347 1.49 2.15 3900.00 200.00 3700.00 1 1.47 2.12
G3348 1.74 2.13 78.00 19.00 178.19 62 0.19 0.58
G3349 1.48 1.88 3800.00 5600.00 5077.42 66 -0.17 0.23
G3350 1.90 2.24 20.00 45.00 21.50 83 -0.17 0.16
G3351 1.72 2.20 2100.00 2400.00 2121.43 1 1.69 2.17
G3358 0.00 0.00 18.00 18.00 18.00 1 0.00 0.00
G3359 0.00 0.00 20.00 20.00 20.00 1 0.00 0.00
G3360 0.00 0.00 33.00 33.00 33.00 1 0.00 0.00
G3361 0.00 0.00 39.00 39.00 39.00 1 0.00 0.00
G3362 0.00 0.00 58.00 58.00 58.00 1 0.00 0.00
G3363 0.00 0.00 67.00 67.00 67.00 1 0.00 0.00
G3364 0.00 0.00 20.00 20.00 20.00 1 0.00 0.00
G3365 0.00 0.00 11.00 11.00 11.00 1 0.00 0.00
G3366 0.00 0.00 32.00 32.00 32.00 1 0.00 0.00
G3367 0.00 0.00 360.00 450.00 582.50 1 0.00 0.00
G3368 0.00 0.00 34.00 34.00 34.00 1 0.00 0.00
G3369 0.00 0.00 620.00 620.00 620.00 1 0.00 0.00
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G3370 0.00 0.00 15.00 9.40 12.20 1 0.00 0.00
G3371 0.00 0.00 17.00 17.00 17.00 1 0.00 0.00
G3372 0.00 0.00 47.00 47.00 47.00 1 0.00 0.00
G3373 0.00 0.00 45.00 45.00 45.00 9 0.00 0.00
G3374 0.00 0.00 200.00 200.00 200.00 1 0.00 0.00
G3375 0.00 0.00 14.00 14.00 14.00 1 0.00 0.00
G3376C 0.00 0.00 8.80 8.80 8.80 1 0.00 0.00
G3377B 0.00 0.00 11.00 11.00 11.00 1 0.00 0.00
G3377C 0.00 0.00 11.00 11.00 11.00 1 0.00 0.00
G3378A 0.00 0.00 27.00 19.00 22.00 1 0.00 0.00
G3378B 0.00 0.00 21.00 18.00 20.50 1 0.00 0.00
G3378C 0.00 0.00 50.00 20.00 29.43 1 0.00 0.00
G3379A 0.00 0.00 22.00 22.00 22.00 1 0.00 0.00
G3379B 0.00 0.00 26.00 23.00 22.29 1 0.00 0.00
G3379C 0.00 0.00 15.00 21.00 18.88 1 0.00 0.00
G3380A 0.00 0.00 21.00 22.00 21.50 1 0.00 0.00
G3380B 0.00 0.00 21.00 22.00 22.50 1 0.00 0.00
G3380C 0.00 0.00 15.00 22.00 18.71 1 0.00 0.00
G3381A 0.00 0.00 36.00 51.00 44.00 1 0.00 0.00
G3381C 0.00 0.00 37.00 51.00 42.33 1 0.00 0.00
G3382A 0.00 0.00 37.00 49.00 41.71 1 0.00 0.00
G3382B 0.00 0.00 35.00 49.00 41.00 1 0.00 0.00
G3382C 0.00 0.00 34.00 50.00 40.88 1 0.00 0.00
G3383A 0.00 0.00 38.00 50.00 43.17 1 0.00 0.00
G3383B 0.00 0.00 38.00 49.00 42.17 1 0.00 0.00
G3383C 0.00 0.00 37.00 48.00 39.67 1 0.00 0.00
G3384A 0.00 0.00 2500.00 2600.00 2240.00 1 0.00 0.00
G3384B 0.00 0.00 960.00 1100.00 1032.00 1 0.00 0.00
G3384C 0.00 0.00 790.00 1300.00 845.71 1 0.00 0.00
G3385A 0.00 0.00 9800.00 10000.00 9900.00 1 0.00 0.00
G3385B 0.00 0.00 1200.00 1200.00 1242.86 1 0.00 0.00
G3385C 0.00 0.00 520.00 630.00 488.75 1 0.00 0.00
G3386A 0.00 0.00 1500.00 1400.00 1360.00 1 0.00 0.00
G3386B 0.00 0.00 1200.00 1200.00 1200.00 1 0.00 0.00
G3386C 0.00 0.00 160.00 330.00 204.29 1 0.00 0.00
G3387A 0.00 0.00 29.00 35.00 31.75 1 0.00 0.00
G3387B 0.00 0.00 30.00 32.00 30.00 1 0.00 0.00
G3387C 0.00 0.00 27.00 29.00 28.80 1 0.00 0.00
G3388A 0.00 0.00 32.00 32.00 30.75 1 0.00 0.00
G3388B 0.00 0.00 29.00 33.00 30.17 1 0.00 0.00
G3388C 0.00 0.00 36.00 48.00 38.57 1 0.00 0.00
G3396A 0.00 0.00 64.00 63.00 64.00 1 0.00 0.00
G3396B 0.00 0.00 65.00 63.00 64.00 1 0.00 0.00
G3398A 2.50 2.88 23.00 24.00 23.33 1 2.48 2.86
G3398B 0.00 0.00 25.00 27.00 26.00 1 0.00 0.00
G3399B 0.00 0.00 24.00 23.00 23.50 1 0.00 0.00
G3399C 0.00 0.00 27.00 24.00 25.50 1 0.00 0.00
G3400A 0.00 0.00 38.00 38.00 38.00 1 0.00 0.00
G3400B 0.00 0.00 40.00 42.00 41.00 1 0.00 0.00
G3401A 0.00 0.00 37.00 42.00 39.50 1 0.00 0.00
G3401B 0.00 0.00 38.00 42.00 40.00 1 0.00 0.00
G3403A 0.00 0.00 34.00 36.00 35.00 1 0.00 0.00
G3403B 0.00 0.00 7.10 30.00 18.55 1 0.00 0.00
G3405C 0.00 0.00 19000.00 19000.00 19000.00 1 0.00 0.00
G3406B 0.00 0.00 20000.00 20000.00 20000.00 1 0.00 0.00
G3407A 0.00 0.00 20000.00 20000.00 20000.00 1 0.00 0.00
S 68A 0.00 0.00 420.00 250.00 269.64 1 0.00 0.00
S 531 0.00 0.00 26.00 42.00 33.59 1 0.00 0.00
PB 445 17.18 17.52 48.00 48.00 48.00 11 16.90 17.24
PB 467 0.00 0.00 55.00 38.00 48.82 98 0.00 0.00
PB 490 1.51 2.00 1600.00 390.00 572.10 127 -1.66 -1.17
PB 491 2.90 3.25 6200.00 14000.00 10384.76 207 -2.27 -1.93
PB 492 2.28 3.12 25.00 20.00 23.87 163 -1.80 -0.95
PB 555 3.61 4.31 36.00 26.00 26.33 200 -1.39 -0.69
PB 565 3.58 3.35 10.00 52.00 31.00 22 3.03 2.80
PB 567 2.60 3.03 30.00 34.00 30.36 93 0.28 0.70
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PB 568A 0.00 0.00 92.00 90.00 91.67 41 0.00 0.00
PB 568B 0.00 0.00 79.00 67.00 73.00 52 0.00 0.00
PB 568C 0.00 0.00 63.00 60.00 63.00 77 0.00 0.00
PB 569B 0.00 0.00 50.00 50.00 50.00 43 0.00 0.00
PB 569C 0.00 0.00 39.00 39.00 39.00 73 0.00 0.00
PB 595 1.22 1.61 12000.00 11000.00 9961.60 114 -1.63 -1.24
PB 596 1.84 2.18 55.00 40.00 77.54 62 0.29 0.63
PB 605 0.00 0.00 60.00 60.00 60.00 49 0.00 0.00
PB 606 0.00 0.00 53.00 53.00 53.00 48 0.00 0.00
PB 610B 0.00 0.00 71.00 66.00 69.25 73 0.00 0.00
PB 620 7.55 8.10 18.00 14.00 22.10 32 6.75 7.30
PB 632 3.43 4.06 2500.00 7200.00 5291.85 272 -3.37 -2.74
PB 634 0.00 0.00 12000.00 18000.00 15086.96 1 0.00 0.00
PB 689 24.30 24.69 22.00 22.00 22.00 17 23.87 24.27
PB 690 1.54 1.19 5500.00 6600.00 8483.72 1 1.51 1.17
PB 692 0.86 1.41 10000.00 13000.00 68748.94 1 0.83 1.38
PB 693 3.46 4.30 29.00 990.00 325.25 275 -3.42 -2.58
PB 694 3.57 4.11 130.00 2200.00 1039.75 249 -2.66 -2.12
PB 710 3.19 3.60 64.00 44.00 63.14 18 2.74 3.15
PB 711 8.69 9.64 23.00 35.00 20.00 23 8.11 9.06
PB 717 21.22 21.86 24.00 21.00 22.50 1 21.19 21.84
PB 718 0.00 0.00 32.00 32.00 32.00 1 0.00 0.00
PB 732 5.66 6.57 48.00 48.00 48.00 100 3.16 4.07
PB 738 0.00 0.00 79.00 57.00 68.00 1 0.00 0.00
PB 746 2.43 2.90 98.00 68.00 99.29 82 0.38 0.85
PB 752 3.76 4.89 15.00 18.00 16.50 23 3.18 4.31
PB 789 4.33 4.79 30.00 12.00 39.00 20 3.83 4.29
PB 808 0.00 0.00 49.00 57.00 53.33 150 0.00 0.00
PB 809 10.07 10.85 28.00 28.00 26.40 145 6.45 7.22
PB 832 1.00 1.40 51.00 74.00 70.49 141 -2.52 -2.13
PB 833 0.00 0.00 54.00 12.00 44.47 1 0.00 0.00
PB 834B 2.34 3.35 2400.00 3500.00 5187.36 201 -2.68 -1.68
PB 835B 2.30 3.25 100.00 78.00 76.53 120 -0.70 0.25
PB 843 0.00 0.00 580.00 580.00 580.00 1 0.00 0.00
PB 849 2.29 0.00 620.00 2500.00 1317.14 1 2.26 -0.03
PB 875 13.40 14.04 53.00 33.00 42.00 24 12.80 13.44
PB 880 13.36 13.88 49.00 120.00 69.26 118 10.41 10.93
PB 889 3.38 3.87 1800.00 2400.00 2149.30 200 -1.62 -1.13
PB 895 2.87 3.37 36.00 30.00 44.25 19 2.40 2.90
PB 896 2.89 3.45 35.00 32.00 35.92 85 0.77 1.33
PB 897 2.22 2.62 51.00 93.00 55.70 23 1.65 2.05
PB 898 0.00 0.00 210.00 210.00 210.00 95 0.00 0.00
PB 900 14.46 14.73 40.00 40.00 40.00 63 12.89 13.16
PB 917 1.73 0.00 7200.00 6500.00 6850.00 85 -0.39 -2.12
PB 921 0.96 1.49 8900.00 11000.00 9695.00 150 -2.79 -2.26
PB 922 0.66 0.03 15.00 40.00 43.00 140 -2.84 -3.47
PB 928 8.52 9.09 33.00 33.00 31.88 115 5.65 6.21
PB 929 0.00 0.00 24.00 24.00 24.33 65 0.00 0.00
PB 931 0.00 0.00 25.00 27.00 24.20 90 0.00 0.00
PB 934 0.00 0.00 73.00 87.00 69.50 15 0.00 0.00
PB 935 15.51 15.83 38.00 38.00 38.00 48 14.31 14.63
PB 936 0.00 0.00 58.00 53.00 55.50 15 0.00 0.00
PB 940 0.00 0.00 100.00 100.00 100.00 65 0.00 0.00
PB 941 0.00 0.00 71.00 71.00 71.00 85 0.00 0.00
PB 942 0.00 0.00 72.00 68.00 67.00 65 0.00 0.00
PB 943 0.00 0.00 120.00 120.00 120.00 70 0.00 0.00
PB 944 0.00 0.00 27.00 27.00 27.00 75 0.00 0.00
PB 947 2.86 3.38 30.00 24.00 32.49 87 0.69 1.20
PB 948 1.66 2.12 1300.00 10000.00 6863.95 175 -2.72 -2.26
PB 949 3.57 4.28 220.00 1700.00 635.37 196 -1.33 -0.62
PB1006 2.19 2.63 72.00 60.00 54.62 17 1.77 2.20
PB1008 0.00 0.00 62.00 62.00 62.00 19 0.00 0.00
PB1009 0.00 0.00 30.00 30.00 30.00 16 0.00 0.00
PB1010 0.00 0.00 14.00 14.00 14.00 18 0.00 0.00
PB1011 0.00 0.00 37.00 37.00 37.00 26 0.00 0.00
PB1013 0.00 0.00 25.00 28.00 26.50 15 0.00 0.00



Table 5 (Continued). Data from Individual Biscayne Aquifer Monitoring Wells

Well
ID

Dry season
avg.water
level (ft)

Wet season
avg.water
level (ft)

Initial
Chloride

(ppm)

Latest
Chloride

(ppm)

Avg.
Chloride

(ppm)

Well
Depth

(ft)

Dry Season
Protection
Criterion

Wet Season
Protection
Criterion

*Average Dry season water level minus theoretical head necessary to prevent saltwater intrusion
† Average Wet season water level minus theoretical head necessary to prevent saltwater intrusion

PB1014 0.00 0.00 26.00 26.00 26.00 15 0.00 0.00
PB1015 0.00 0.00 17.00 20.00 18.33 16 0.00 0.00
PB1016 0.00 0.00 21.00 21.00 21.00 22 0.00 0.00
PB1020 0.00 0.00 25.00 24.00 24.50 116 0.00 0.00
PB1022 1.50 0.00 1900.00 1900.00 1900.00 1 1.48 -0.03
PB1026 0.00 0.00 27.00 27.00 27.00 84 0.00 0.00
PB1033 0.00 0.00 110.00 110.00 110.00 115 0.00 0.00
PB1035 0.00 0.00 100.00 89.00 94.50 86 0.00 0.00
PB1037 0.00 0.00 11.00 10.00 10.50 24 0.00 0.00
PB1060 0.00 0.00 38.00 38.00 38.00 68 0.00 0.00
PB1061 0.00 0.00 23.00 23.00 23.00 42 0.00 0.00
PB1063 7.27 7.90 52.00 60.00 58.98 134 3.92 4.55
PB1085 0.00 0.00 67.00 69.00 68.00 87 0.00 0.00
PB1088 0.00 0.00 140.00 140.00 140.00 1 0.00 0.00
PB1089 10.34 11.26 93.00 35.00 71.00 135 6.96 7.88
PB1091 0.00 0.00 42.00 42.00 42.00 100 0.00 0.00
PB1094 0.00 0.00 210.00 200.00 205.00 100 0.00 0.00
PB1097 15.50 16.15 53.00 65.00 59.00 90 13.25 13.90
PB1098 0.00 0.00 82.00 82.00 82.00 80 0.00 0.00
PB1099 0.00 0.00 1100.00 1100.00 1100.00 90 0.00 0.00
PB1100 0.00 0.00 77.00 71.00 74.00 1 0.00 0.00
PB1101 0.00 0.00 33.00 32.00 32.50 95 0.00 0.00
PB1103 0.00 0.00 37.00 37.00 37.00 120 0.00 0.00
PB1104 0.00 0.00 37.00 38.00 37.50 105 0.00 0.00
PB1107 14.05 14.37 170.00 170.00 170.00 105 11.42 11.75
PB1108 13.80 14.41 130.00 130.00 130.00 90 11.55 12.16
PB1109 0.00 0.00 860.00 840.00 850.00 1 0.00 0.00
PB1110 0.00 0.00 20.00 20.00 20.00 55 0.00 0.00
PB1111 14.57 0.00 10.00 50.00 30.00 1 14.55 -0.03
PB1122 0.00 0.00 19.00 19.00 19.00 55 0.00 0.00
PB1123 0.00 0.00 14.00 14.00 14.00 25 0.00 0.00
PB1124 0.00 0.00 140.00 140.00 140.00 1 0.00 0.00
PB1126 0.00 0.00 120.00 120.00 120.00 1 0.00 0.00
PB1127 0.00 0.00 11.00 11.00 11.00 25 0.00 0.00
PB1128 0.00 0.00 290.00 290.00 290.00 1 0.00 0.00
PB1129 0.00 0.00 60.00 60.00 60.00 30 0.00 0.00
PB1131 0.00 0.00 88.00 88.00 88.00 30 0.00 0.00
PB1134 0.00 0.00 140.00 140.00 140.00 1 0.00 0.00
PB1135 0.00 0.00 56.00 56.00 56.00 1 0.00 0.00
PB1151 3.26 3.89 39.00 330.00 36.03 138 -0.19 0.44
PB1152 12.43 13.22 110.00 28.00 69.00 1 12.40 13.20
PB1153 12.43 13.02 28.00 28.00 28.00 1 12.41 12.99
PB1155 13.45 14.10 39.00 20.00 29.80 75 11.57 12.23
PB1156 14.45 14.58 37.00 37.00 37.00 1 14.43 14.55
PB1157 13.69 14.00 46.00 22.00 38.67 1 13.67 13.98
PB1160 5.33 6.04 10.00 10.00 10.00 20 4.83 5.54
PB1236 0.00 0.00 44.00 44.00 44.00 1 0.00 0.00
PB1428 0.00 0.00 220.00 1700.00 1073.00 127 0.00 0.00
PB1455 3.73 4.27 30.00 26.00 26.12 157 -0.20 0.35
PB1456 4.82 5.41 22.00 22.00 20.77 193 0.00 0.59
PB1457 4.48 5.14 21.00 24.00 26.43 203 -0.60 0.06
PB1460 0.00 0.00 21.00 39.00 30.00 30 0.00 0.00
PB1461 0.00 0.00 170.00 170.00 170.00 1 0.00 0.00
PB1462 0.00 0.00 200.00 200.00 200.00 1 0.00 0.00
PB1463 0.00 0.00 250.00 1200.00 523.33 1 0.00 0.00
PB1464 0.00 0.00 440.00 440.00 440.00 1 0.00 0.00
PB1465 0.00 0.00 1800.00 1700.00 1750.00 1 0.00 0.00
PB1466 0.00 0.00 220.00 220.00 220.00 1 0.00 0.00
PB1467 0.00 0.00 3200.00 3200.00 3200.00 1 0.00 0.00
PB1468 0.00 0.00 600.00 600.00 600.00 1 0.00 0.00
PB1469 0.00 0.00 180.00 180.00 180.00 1 0.00 0.00
PB1471 0.00 0.00 880.00 460.00 670.00 1 0.00 0.00
PB1472 0.00 0.00 140.00 140.00 140.00 1 0.00 0.00
PB1473 0.00 0.00 350.00 320.00 335.00 1 0.00 0.00
PB1475 0.00 0.00 120.00 120.00 120.00 1 0.00 0.00
PB1476 0.00 0.00 110.00 110.00 110.00 1 0.00 0.00



Table 5 (Continued). Data from Individual Biscayne Aquifer Monitoring Wells

Well
ID

Dry season
avg.water
level (ft)

Wet season
avg.water
level (ft)

Initial
Chloride

(ppm)

Latest
Chloride

(ppm)

Avg.
Chloride

(ppm)

Well
Depth

(ft)

Dry Season
Protection
Criterion

Wet Season
Protection
Criterion

*Average Dry season water level minus theoretical head necessary to prevent saltwater intrusion
† Average Wet season water level minus theoretical head necessary to prevent saltwater intrusion

PB1477 0.00 0.00 540.00 530.00 535.00 1 0.00 0.00
PB1478 0.00 0.00 130.00 130.00 130.00 1 0.00 0.00
PB1480 0.00 0.00 100.00 160.00 130.00 1 0.00 0.00
PB1481 0.00 0.00 9400.00 9400.00 9400.00 1 0.00 0.00
PB1482 0.00 0.00 9400.00 9400.00 9400.00 1 0.00 0.00
PB1483 0.00 0.00 9600.00 9600.00 9600.00 1 0.00 0.00
PB1484 0.00 0.00 5300.00 5400.00 5350.00 1 0.00 0.00
PB1485 0.00 0.00 4200.00 4200.00 4200.00 1 0.00 0.00
PB1486 0.00 0.00 4200.00 4200.00 4200.00 32 0.00 0.00
PB1496 2.92 3.54 34.00 310.00 84.36 200 -2.08 -1.46
PB1510 14.30 0.00 250.00 250.00 250.00 1 14.28 -0.03
PB1512 14.39 0.00 190.00 190.00 190.00 1 14.37 -0.03
PB1514 14.70 0.00 24.00 24.00 24.00 1 14.68 -0.03
PB1517 14.59 0.00 6.40 6.40 6.40 1 14.57 -0.03
PB1519 14.89 0.00 14.00 14.00 14.00 1 14.87 -0.03
PB1520 11.59 14.48 17.00 20.00 30.68 22 11.04 13.93
PB1522 0.00 0.00 34.00 29.00 30.71 22 0.00 0.00
PB1524 16.86 18.05 520.00 550.00 441.19 1 16.84 18.02
PB1547 16.41 17.19 6.00 10.00 8.00 115 13.53 14.32
PB1548 16.26 16.89 60.00 50.00 54.00 60 14.76 15.39
PB1552 16.92 17.78 560.00 580.00 577.50 1 16.89 17.75
PB1553 16.78 18.33 640.00 490.00 566.67 1 16.76 18.31
PB1560 17.72 19.24 1200.00 1100.00 1125.00 1 17.69 19.21
PB1561 17.78 20.33 2300.00 2200.00 2250.00 1 17.76 20.31
PB1583 17.44 17.00 190.00 140.00 134.00 1 17.42 16.98
PB1584 0.00 0.00 22.00 21.00 22.33 1 0.00 0.00
PB1585 0.00 0.00 27.00 24.00 25.50 1 0.00 0.00
PB1589A 0.00 0.00 65.00 26.00 110.33 1 0.00 0.00
PB1589B 0.00 0.00 67.00 70.00 73.00 1 0.00 0.00
PB1589C 0.00 0.00 58.00 58.00 58.00 1 0.00 0.00
PB1589D 0.00 0.00 50.00 65.00 64.33 1 0.00 0.00
PB1589E 0.00 0.00 27.00 24.00 29.00 1 0.00 0.00
PB1589F 0.00 0.00 26.00 99.00 45.00 1 0.00 0.00
PB1590A 17.61 18.60 32.00 16.00 22.67 1 17.59 18.57
PB1590B 0.00 0.00 120.00 220.00 200.00 1 0.00 0.00
PB1590C 0.00 0.00 280.00 210.00 220.00 1 0.00 0.00
PB1590D 0.00 0.00 280.00 140.00 213.33 1 0.00 0.00
PB1590E 0.00 0.00 280.00 240.00 256.67 1 0.00 0.00
PB1590F 0.00 0.00 96.00 96.00 100.67 1 0.00 0.00
PB1590G 0.00 0.00 13.00 15.00 14.67 1 0.00 0.00
PB1609A 0.00 0.00 10.00 11.00 12.67 1 0.00 0.00
PB1609B 0.00 0.00 11.00 15.00 15.33 1 0.00 0.00
PB1609C 0.00 0.00 33.00 110.00 53.67 1 0.00 0.00
PB1609D 0.00 0.00 150.00 160.00 153.33 1 0.00 0.00
PB1609E 0.00 0.00 51.00 65.00 63.67 1 0.00 0.00
PB1609F 0.00 0.00 94.00 140.00 111.33 1 0.00 0.00
PB1609G 0.00 0.00 20.00 47.00 28.67 1 0.00 0.00
PB1609H 0.00 0.00 20.00 9.00 12.80 1 0.00 0.00
PB1643 5.69 6.35 26.00 32.00 28.00 87 3.52 4.17
PB1647 4.07 5.22 30.00 24.00 24.67 1 4.05 5.20
PB1651 0.00 0.00 36.00 39.00 41.63 1 0.00 0.00
PB1652 0.00 0.00 39.00 37.00 41.68 1 0.00 0.00
PB1653 0.00 0.00 140.00 120.00 119.43 1 0.00 0.00
PB1669 4.76 6.10 38.00 34.00 36.56 131 1.48 2.82
PB1686 4.10 5.31 34.00 40.00 38.00 126 0.95 2.16
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I. Comments and Responses to Frequently Asked Questions

GENERAL COMMENTS

1. Consider the Entire Ecosystem.

Minimum Flows and Levels should be discussed in the context of the entire system,
since decisions made in one area may impact management options in adjacent and
downstream areas.

In developing Minimum Flows and Levels, the entire Everglades needs to be
considered as a functioning unit, beginning with the needs of Florida Bay and the
Biscayne Aquifer (at the lowest points in the system) and proceeding north to the
Kissimmee headwaters. Fully addressing this issue is considered to be a major component
of system restoration. Restoration of flow is a critical component of the overall
Everglades system restudy efforts, since options will be examined that include removal of
structures or features that impede flow, and filling-in or otherwise modifying channels that
presently expedite flow to the wrong places.

2. Flows vs. Water Levels.

This report emphasizes development of minimum water levels, whereas the
legislation refers to minimum flows as well as minimum levels.

Providing adequate flow of water through the system is a complex issue that is not
easy to address with the tools available. The rate at which water moves through the
Everglades (especially the marshes) is too slow to measure by any conventional
monitoring technique, hence flow rates are unknown in most of the system. Flow is
inferred from water depths and gradients across large areas. Therefore, it is assumed that
maintaining adequate water levels in Everglades National Park, for example, will ensure
that flow occurs into Florida Bay. Restoration of flow is a critical component of the
overall Everglades system restudy efforts, since options will be examined that include
removal of structures or features that impede flow.

3. Interconnections Between Areas.

The fact that the various managed areas are interconnected, means that criteria
for one area cannot be set independently of the other areas. Although each of the
managed areas has different requirements, operation and needs of the system in its
entirety must be considered to adequately protect the resource.

The proposed criteria were designed (in part) to be applicable throughout the
system, and to avoid the temptation (as much as possible) to develop different criteria for
separate areas. The importance of interconnections is best shown in Florida Bay. There is
no way to deal directly with the freshwater flow requirements for Florida Bay, since most
fresh water moves into the bay through groundwater seepage and ungaged overland flow
3
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through Everglades National Park. The intent of the District (with concurrence from
Everglades National Park staff) is to establish appropriate water level conditions in the
Park. It is assumed that if these levels are achieved, sufficient water will flow by gravity
and seepage to Florida Bay.

4. Minimum vs. Maximum Levels.

The discussion of significant harm cannot be addressed without also considering
maximum flows and levels.

District staff concur that establishing minimum levels alone may not be sufficient
to protect the resource from harm due to floods or extended periods of high water
conditions. Setting minimum levels is viewed as a starting point from which to define the
necessary hydrologic regime for the entire Kissimmee - Lake Okeechobee - Everglades
Ecosystem. Achieving the required water levels throughout this system is an overall,
long-term restoration goal. Maximum levels for Lake Okeechobee and the water
Conservation areas are presently controlled by the regulation schedules for these areas, but
the overall ability of these criteria to protect the resource is uncertain. As a result, new or
revised maximum water level criteria are being considered in the Lower East Coast
Regional Water Supply Planning process for certain areas, such as WCA-3A, 3B and 2A,
to protect existing tree islands. Use of the Natural Systems Model to determine
hydrologic management criteria for the Everglades also provides a means to identify
maximum water level criteria. The model simulates water conditions throughout the
system that can be used to determine maximum water levels and the appropriate statistical
frequency for occurrence of such levels.

5. Limited Monitoring Data.

A major limitation for developing this plan is the lack of extensive, accurate or
complete historical water level or ecological data and observations throughout
most of South Florida.

Limited data are available for some parts of the system during the past 20 years
and limited data at certain locations extend back to the turn of the century. Almost no
information is available that describe conditions that existed before drainage canals were
constructed.

Even today we have relatively crude and widely spaced monitoring capabilities in
the Everglades (a few gages spread across millions of acres). With such tools, there is a
great risk that by the time these gages indicate a problem, it may be very extensive. We
also run the risk that very large problems may occur in the system that cannot be detected
with existing methods. For these reasons, we consider the proposed criteria to be very
conservative, in the sense that if we detect a problem at all, it is could potentially be a very
big problem.

6. Using Models to Assess Ecosystemwide Impacts.

The plan is based largely on the use of mathematical simulation models rather
than on direct data and observations.
4
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The use of mathematical models is an approximate technique, but most scientists
agree that it provides the best known means to attempt to reconstruct historical conditions
and to expand the limited number of observational data available to cover a larger
geographical area. This approach was endorsed by technical experts at the meeting of the
Lower East Coast Water Supply Scientific Advisory Group that was held in August, 1994.
Models also, to a certain extent, provide a means to assess needs of, and impacts on, the
entire ecosystem rather than focusing on specific management areas.

Results of the model runs are analyzed to determine changes in water levels
throughout the system. Triggers (water level conditions that result in the release of more
water into or through the system) are used to modify or direct performance of the model.
Performance measures (water levels that indicate the relative status or condition of
particular areas) are used to determine impacts. The use of models allows District staff
and other reviewers to compare responses that occur within different areas and
systemwide. The Natural Systems Model indicates how the system may have performed
historically (prior to construction of water control facilities and provides some indication
of how it perhaps should be modified to perform in the future (restoration targets). The
South Florida Water Management Model and historical data indicate how the existing
system operates. The use of these two models together makes it possible to identify
conditions or circumstances when it may be appropriate to move water from one part of
the system to another to achieve a balancing of benefits and impacts.

Using the Natural Systems and South Florida Water Management models alone as
the basis to develop criteria has some well-recognized limitations and may not give
appropriate results for some areas within the system. For that reason the District decided
not to solely rely on model results but rather to modify the results with actual data from
field research, where such data were available. The choice of soil characteristics and
water depths represents such a resource-based approach. Data from the Natural Systems
Model were only used to establish criteria for parameters or areas where adequate data
could not be obtained by other means (e.g. to establish proposed return frequencies).

7. How Minimum Flows and Levels Criteria Will Be Used.

It is not clear during the implementation to what extent these criteria will be used
primarily to guide operational decisions or as regulatory triggers.

Effects of current supply side management practices and various options will be
analyzed as part of the modeling of the Minimum Flows and Levels technical criteria.
Phased implementation will be considered if modeling or other studies indicate that
implementing the proposed Minimum Flows and Levels and associated regulatory actions
will have significant impacts. Phasing and adaptive management are also part of the long-
term efforts associated with the Lower East Coast Regional Water Supply Plan and the
Restudy.

The saltwater intrusion criteria proposed in this document are intended primarily
protect water resources (water quality) to maximize reasonable beneficial uses of water,
not to protect any particular permitted user or class of users. Modeling results will
5
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indicate how these proposed criteria impact the frequency and severity of declared water
shortages.

8. Significant Harm.

The term, significant harm, needs to be clearly defined and consistently applied.
The choice of saltwater intrusion (salinity) as a measure of harm for the Biscayne
Aquifer does not adequately consider other sources of harm (e.g. pollutants ) or
biological impacts on estuarine resources.

Permanent or long term (decades) loss of habitat or water resource component is
considered to constitute a "significant" impact on the resource. By this standard, the
existing water management system and practices have already done significant harm to
the system. Minimum flows and levels are designed primarily to keep conditions from
getting worse. Impacts to existing and future agricultural and municipal users, identified
in terms of water shortage frequency, severity and duration, and the threat of saltwater
intrusion, will be documented in the Lower East Coast Regional Water Supply Plan.

The proposed soil criteria attempt to address the issue of harm to the resource by
identifying conditions that are likely to result in oxidation or burning of soils and/or
damage to their overlying ecosystems that will require decades or longer to recover from
or restore. Such damages are considered to be significant in the sense that allowing such
conditions to persist does not constitute sustainable management of water resources.

The Lower East Coast Regional Water Supply Plan and the United States Army
Corps of Engineers and other agencies, through the Restudy process, will incorporate and
further define the concepts of significant harm and sustainability of water resources. The
proposed Minimum Flows and Level criteria represent the lower level of the restoration
process and provide a performance measure to determine how well the system is being
managed as we make changes and move forward. Minimum Flows and Levels also
provide a starting point for determining water supply delivery and allocation capabilities
for regulation, permitting and future planning. Preliminary modeling results indicate that
these proposed criteria are not dramatically different from current management practices.

9. Establishment of Significant Harm - Process.

The process for establishing and implementing Minimum Flows and Levels and
determining significant harm is not clearly evident from this report. How does this
process differ from the Lower East Coast Regional Water Supply Planning
process?

The process for development of Minimum Flows and Levels will run parallel to
that for Lower East Coast water supply planning. This revised, "Proposed Minimum
Water Flows and Levels Criteria for the Lower East Coast Planning Area" document is
being developed simultaneously with the plan. The modeling studies that are being done
top analyze plan alternatives and options also include the proposed Minimum Flows and
Levels criteria. The document describing the proposed Minimum Flows and Levels
6
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criteria and the Lower East Coast plan will both be completed before Minimum Flows and
Levels rule making begins.

The use of interim or phase-in steps to achieve Minimum Flows and Levels is part
of the District's overall adaptive management strategy. We will identify those areas or
aspects where these levels are not achieved, estimate the effects of short term and long
term actions that should be initiated to eventually achieve Minimum Flows and Levels,
and describe how the Minimum Flows and Levels relate to overall, long-term restoration
goals. In addition, we must recognize that our initial proposed management goals may not
be perfect. We will therefore have to monitor how the system performs over time with
these criteria in place and modify the criteria, if necessary, to improve results.

10. Significant Harm Definitions for Different Resources.

Section 373.042 requires minimum levels to be set at a point identifying significant
harm to water resources. The statute also requires that minimum flows be set at a
point identifying significant harm to both water resources and ecology of an area.

For the purposes of this report, the primary water resource components that are
being considered in the Lower East Coast Planning Area are: ecological functions of
wetland systems in the Everglades and Lake Okeechobee, the ability of the Biscayne
Aquifer to maintain local water tables and provide potable water, and the ability of
Everglades muck and marl soils to support viable natural plant and animal communities.

This document describes what is known of the cause and effect relationships
between water levels and flows and associated impacts to water resources and the related
natural environment. This includes determination of how water levels or redistribution
affect flows and levels and the degree of impact that can be associated with varying flows
and levels. The point at which such impacts becomes "significant," in terms of aerial
extent and degree, is a policy issue that needs to be resolved.

Ecology.

One aspect of the definition of harm for water resources is based on impairment of
ecological function of aquatic systems. This applies to wetlands, lakes and rivers. These
systems must maintain their ability to sustain viable plant and animal communities, in
conjunction with their other water resource functions.

Aquifers.

Aquifers have a different set of issues, since withdrawals from particular aquifers
may or may not be tied to ecological function of surface water resources. In the case of
the Biscayne Aquifer, where the linkage is clear, withdrawals are constrained through the
permit process, by the impacts on nearby wetland systems, but also by the potential to
degrade water quality in the aquifer due to saltwater intrusion. Minimum Flows and Level
definition of harm is based on similar criteria

Wetlands.
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For this initial pass at developing Minimum Flows and Levels criteria for
wetlands, harm is defined to occur when the duration and/or frequency of water level
reductions is thought create a substantial risk that long-term damage could occur to soils
and the vegetation and other related values such as fish, wildlife etc. that depend on them.
In the long term, management that promotes such damage is not considered to be
sustainable. In no case are we contending that the damage is "permanent" or "irreversible"
or that muck soils lost in this manner could not be replaced, although full recovery may
occur on a "geological" time scale.

Muck Soils.

In the case of muck soils, we are proposing that harm occurs when the muck
becomes dry and burns. Since muck is deposited at a rate of about 1/2 to 1 inch of muck
per hundred years or so, loss of an inch of muck may represent 100 to 200 years of
deposition. Loss of a foot of muck may thus represent 1200 to 2400 years of deposition.
Such damage occurs (and has historically occurred) sporadically in the natural system on
an occasional and largely localized basis. Widespread damage of this sort could not have
occurred very often or the Everglades would not contain the massive muck deposits that
exist in some areas today.

Marl Soils.

In the case of marl soils, the situation is more complex, because we are not
contending that reduction in water levels results in loss of soils. Extended dehydration can
result in compaction of marl soils, which means that when the area is reflooded to the
same level, the water depth may be different and the vegetation communities may change.
Also dehydration below certain levels results in almost complete loss of soil moisture at
the surface, resulting in the probable death of components of the overlying plant and
animal communities. We are proposing that these conditions constitute more than the
normal amount of expected harm to the system. How much of this "more than normal"
harm has to occur before the effect on the resource becomes "significant, " is a policy
issue that remains to be resolved. We have proposed Minimum Flows and Levels criteria
based on certain assumptions concerning these policy factors, as specified in the report.

Lake Okeechobee.

Although the relative tradeoffs in managing Lake Okeechobee need to be
considered during subsequent policy and rule making discussions, has regionally-
important natural resource values. Some provision needs to be made to protect these
resources for a variety of reasons, such as its economic value to sports and recreation, and
the habitat and food source it provides for threatened and endangered species.

The scientific basis for developing minimum water levels for the Lake is based on
analysis of historical data (much like the Natural Systems Model approach that was used
in the Everglades) and on information from the literature that documents the effects of low
water conditions on ecosystem components and species of particular concern. In this case,
emphasis was not placed primarily on soils, but rather on protecting the lake's littoral zone
8
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from adverse changes to the size, distribution, and species composition of native
vegetation communities.

11. Integration with Supply Side Management.

How will these proposed Minimum Flows and Levels criteria be integrated with
the District's drought management procedures?

The District's Supply Side Management policies for allocation and distribution of
water during severe drought events have been integrated with these Minimum Flows and
Levels criteria and analyzed as part of the modeling component of the Lower East Coast
Regional Water Supply Plan.

12. Seasonal Differences in Minimum Flows and Levels.

These proposed Minimum Flows and Levels criteria do not appear to consider or
account for natural seasonal patterns of water level fluctuation.

For this initial proposal, seasonal minimum levels were not defined for two
primary reasons:

• We have not found a clearly defined scientific basis in the literature for
establishing such levels, and;

• The concept of minimum flows is initially intended to address sustained low
water conditions, whenever they may occur, because these are considered to be
periods when the system is subject to one form of harm that may affect the
system for a long period of time. The proposed criteria are intended to indicate
when the ecosystem is especially vulnerable to severe fire conditions that could
result in large scale destruction of peat soils. Such concerns are generally not
an issue during the wet season

Seasonality issues are incorporated in existing regulation schedules and in
operational criteria for coastal basins. Seasonal changes are also an implicit feature of the
District's day to day management practices, which focus on water supply in dry periods
and flood control in the wet season. Hydrologic and operational features and
requirements for Lake Okeechobee and the Water Conservation Areas drive water levels,
independent of our ability to control levels through Minimum Flows and Levels. Better
definition of seasonal water requirements for these systems will be a component of overall
system a restoration using the Natural Systems Model and the Central and Southern
Florida Flood Control Project restudy.

In estuaries, rainfall and local runoff generally keep salinities moderate to low
throughout the wet season, and it is mostly during the dry season that hypersalinity
becomes a problem.

13. Setting Minimum Flows and Levels is Not a Restoration Tool.

Minimum Flows and Levels are not a means to achieve restoration, they are simply
a means to protect existing conditions.
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The concept has been proposed that Minimum Flows and Levels really constitute a
means of achieving "maximum impacts short of significant harm" in terms of resource
protection. Another similar concept was stated by the LEC committee, i.e. the "significant
harm threshold point," that represents the water levels at which harm first becomes
apparent. Both of these are considered to be useful constructs in terms of understanding
the thought processes behind minimum flows and levels and their implications. It is clear
from these definitions that Minimum Flows and Levels are not viewed as a means of
achieving restoration but rather to assure that the current condition of the resources is not
further degraded during extreme events. Different management criteria will be needed to
ensure that the resource improves over time, toward some eventual goal of "restoration."
These restoration criteria are being defined in the Lower East Coast Regional Water
Supply Plan process and the Central and Southern Florida Flood Control Project Restudy.

14. Identify Criteria that Constitute Significant Harm to Existing Legal
Users.

This document fails to identify and consider criteria that would constitute
"significant harm" to existing legal users.

The concept of significant harm is discussed to some extent in the text. For the
purpose of this analysis, harm to a natural system has been defined as permanent or long
term (decades) loss of habitat, community, species, or a water resource component. Past
and current development and management practices have already harmed the system. In a
similar manner, harm to agricultural and municipal users can be identified in terms of
water shortage frequency, severity and duration, and threat of saltwater intrusion. The
proposed Minimum Flows and Levels criteria were designed to protect the resource by
documenting cause and effect relationships between water levels and flows and associated
impacts to water and related natural environment resources and establishing a level of
impact that is considered to be harmful to long term sustainability. Restoration is designed
to eliminate or reduce harm that has occurred in the past. Subsequent impact analysis and
rule making will more accurately establish the amount of harm that is occurring to both
natural systems and human uses by documenting effects on resources, water shortages and
saltwater intrusion.

15. Impacts on Existing Users.

The same types of criteria that were developed and used to define harm to the
environment need to be developed and applied to existing legal users.

Although the criteria proposed in this report were initially established primarily on
the basis of protecting natural systems, the criteria will be used as input to the South
Florida Water Management Model. The effects of implementing these criteria on existing
and future water demands will be analyzed. Adjustments can be made to investigate
various possible options for applying these criteria, with the objective to both protect the
resource and provide comparable (recent historical) levels of water delivery to coastal
basins. Further studies of this nature will be conducted, in conjunction with the various
water supply options that are analyzed in the Lower East Coast Regional Water Supply
Plan.
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The purpose of this document and proposed criteria is not to establish flow and
level restrictions for particular canals, structures or basins. This report does not contain
any recommended operational changes. The purpose is to build a common understanding
of the underlying concepts and terminology. The revised criteria will be incorporated, and
used to evaluate options presented, in the Lower East Coast Regional Water Supply Plan.
Actual operational, regulatory and management criteria will established later, as part of
the rule making and implementation process. Impacts of the proposed criteria on existing
legal users, in conjunction with the various water supply options, will be assessed during
all of these activities.

16. Separation of Scientific From Policy Issues.

In the Lake Okeechobee,/Everglades/Biscayne Aquifer system, it is impossible to
separate the "science" of significant harm from the "policies" that formed the basis
for constriction of the Central and Southern Florida Flood Control Project.

This document has attempted to place primary emphasis on scientific and
resource-based issues, but obviously these cannot be considered in a total vacuum. The
Everglades is presently a highly altered and highly managed system that has been
"optimized" to meet multiple objectives. It is clear that the management objectives of the
Central and Southern Florida Flood Control Project facilities have changed during recent
history, and will continue to change over time. The exact magnitude and nature of these
changes are not clear because they are constantly evolving in response to public attitudes
and resulting policy decisions.

17. Physical Limitations to the Existing Water Management System.

These criteria may be difficult to implement because of local topographic features,
operational or structural constraints

We recognize that the existing water management and delivery systems create
special problems. Efforts to further characterize and correct these problems will be
identified in the LEC plan and subsequent long-term restoration efforts. Minimum Flows
and Levels cannot now be achieved effectively in certain parts of the Everglades because
of physical limitations in the system. Operational and policy actions can only accomplish
a certain amount. Limited flexibility of existing water management facilities will also
hamper efforts to achieve long-term restoration goals. Facilities may have to be built,
removed or modified to solve localized problems in some areas as part of the United States
Army Corps of Engineers Restudy process.

BISCAYNE AQUIFER:

18. Harm due to Salinity vs. Harm due to Other Pollutants.

The choice of salinity as the sole indicator for the Biscayne Aquifer does not
adequately address water quality, filtration and absorption of nutrients and
pollutants, transfer of detrital material or sediment loads, or biological impacts on
estuarine resources.
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Salinity was chosen as a criterion because the District is primarily responsible for
protecting the resource from salt water intrusion and water flows and levels have a direct
impact on this parameter. Other agencies such as United States Environmental Protection
Agency, Dade County Department of Environmental Resource Management, Florida
Department of Health and Rehabilitative Services and Florida Department of
Environmental Protection have primary responsibility to deal with other sources of aquifer
contamination and environmental impact. Most aquifer contaminants tend to occur as
isolated plumes originating from a definite source. Regional criteria have not been
established for such occurrences and they are better handled and resolved through
individual permit criteria and a case-by-case analysis. In developing initial Minimum
Flows and Levels criteria for the Biscayne Aquifer, emphasis was placed on factors that
could readily be controlled and monitored by and at the existing regional water
management facilities -- canals, structures and monitoring network.

19. Maintenance Levels for Canals in South Dade.

District data show that the proposed minimum levels will not be maintained
consistently in some south Dade County Canals, especially east of L-31 and South
of Snapper Creek

Maintenance of water levels in the south Dade canals is a complex issue that has
not been fully analyzed or resolved. A number of factors have to be considered before
Minimum Flows and Levels criteria can be developed for this area, including the
following:

1. The District cannot or does not maintain water levels in some
South Dade canal systems, because the porous surficial aquifer
acts like a sieve. If we attempted to maintain constant
groundwater levels in these areas, we may sacrifice operational
flexibility.

2. If the District decides to maintain some Minimum Flows and
Levels at certain structures in South Dade canals, it is not clear
which structures should be selected. It is clear from the data
that any levels that can be maintained at structures along the
coast will be inadequate because the front is already located
miles inland from these structures. Therefore, the alternatives
are to either a) retreat to the inland structures or b) attempt to
maintain a sufficiently high water level along the coast to flush
out the existing saltwater wedge, which would require
tremendous amounts of water. Discharge of water for this
purpose would have to be analyzed to determine the degree to
which it constituted a reasonable-beneficial use.

3. To further compound these issues, if we abandon the coastal
structures, the groundwater flow component into Biscayne Bay
may be greatly reduced. At this point, groundwater minimum
flow criteria for Biscayne Bay have not been established and we
do not anticipate being able to set such criteria until some of the
12
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ongoing research and modeling efforts have been completed.
Without some estimate of required groundwater flow to the bay,
it is impossible to set an exact water level along the coast.

4. Levels proposed for L-31 may be increased to protect ENP as
well as to stabilize the saltwater interface.

These are just some of the problems that need to dealt with before we can
adequately answer your comments concerning south Dade. The water levels proposed in
this report are suggested as interim criteria to measure system performance until better
data and more operational flexibility can be developed. Minimum Flows and Levels for
these areas will be addressed again during the process of defining criteria for Biscayne
Bay.

20. MFL Criteria Differ from Regulatory Criteria.

The proposed criteria for the Biscayne Aquifer appear to differ from existing
regulatory criteria. How will water shortage rules and regulatory program be
imposed on top of the proposed Minimum Flows and Levels?

The proposed minimum flows and levels definition differs from existing
regulatory criteria because the Minimum Flows and Levels definition is applied
throughout the entire interconnected regional system. Existing regulatory criteria are
applied to site specific conditions, based on actual land elevation and water table
conditions, adjacent wetlands, including isolated systems, and are established relative to
existing water level conditions. The District will determine exactly how these proposed
Minimum Flows and Levels will affect the regulatory process and the phased management
of water shortages during the rule making process.

21. Saltwater Intrusion is Not a Problem in Some Areas.

There are some locations in South Florida where variation and movement of the
saltwater interface can occur without substantial harm.

Staff concurs that further migration of the salt front may not be a problem in some
areas of the Biscayne Aquifer. Based on these considerations, Minimum Flows and
Levels criteria are not recommended for certain canals and basins where such conditions
are believed to exist.

22. The Biscayne Aquifer is Currently Experiencing Harm.

Saltwater intrusion into the Biscayne Aquifer already threatens existing wellfields
during drought periods.

The goal is to prevent further migration of the saltwater interface rather than to
attempt to reverse harm that may already have occurred. The ability to move the front to a
new location further seaward is primarily limited by the high transmissivity of the aquifer
and the need to provide adequate flood protection to coastal basins.
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23. Impacts of MFLs on Future Water Use.

How do these proposed criteria consider the future water needs for public water
supply and agricultural water use?

The impacts of these minimum levels on existing and future users (2010 demands)
of the water resource will be determined through modeling studies and the Lower East
Coast Regional Water Supply Plan (LEC Plan) before rules are implemented. The
proposed criteria are essentially the same as current practices and are not expected to have
substantial impacts on existing users. Effects on future users will be assessed during
development of the LEC Plan. The Minimum Flows and Levels criteria will provide an
additional form of protection for the Biscayne Aquifer by imposing minimum levels for
canals. Options to help meet needs of future users while not exceeding these proposed
Minimum Flows and Levels criteria will be examined in the Lower East Coast Regional
Water Supply Plan. Additional options will be examined during the United States Army
Corps of Engineers Restudy process as part of achieving overall Everglades system
restoration.

24. Protection of Other Aquifer Resource Functions.

All of the functions provided by the Biscayne Aquifer that depend on water levels,
including flows in canals and rivers, support for plants and wildlife, littoral zones, lake
levels, wetlands, soils, etc. should be considered when establishing Minimum Flows and
Levels.

Protection of the wide range of functions provided by the Biscayne Aquifer that
are related to water levels, including canal and river flows, lake levels and littoral zones,
mitigation and protection of wetlands, prevention of subsidence, etc. will be addressed in
the Lower East Coast Regional Water Supply Plan, during the Minimum Flows and Levels
rule making process, and the United States Army Corps of Engineers Restudy of the
Central and Southern Florida Flood Control Project.

25. Some Canals are Not Addressed by MFL Criteria.

Minimum Flows and Levels criteria only address certain canals and may have
very localized influence over regional groundwater levels.

Present canal operation and maintenance levels were considered during
development of these criteria. Other factors also influence canal levels, such as drainage,
flood control and water supply requirements. These other needs will generally require that
the stages in the canals be maintained higher than the proposed Minimum Flows and
Levels criteria. Criteria were only established for canals that are part of the interconnected
regional system, i. e., that can deliver water from Lake Okeechobee or the Water
Conservation Areas to the coast. Canals that only provide local drainage capacity were
not included in this initial analysis. Water levels in areas that are not influenced directly by
the canals will be managed on the same basis as they are today. Canal levels and flows
will also be addressed in the Lower East Coast Regional Water Supply Plan and during
development of Minimum Flows and Level criteria for Biscayne Bay. Additional
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modeling is also underway to identify the area of influence for each canal. The proposed
minimum levels for the canals may be modified, if such changes can be shown to offer
greater protection

A minimum water level was not established for C-13 and S-34 because this canal
has no direct connection to Lake Okeechobee (see above).

26. Analysis of Aquifer Data.

The report does not indicate exactly which historical or theoretical aquifer and
canal data were used in the analysis.

More detailed information, including additional analysis of historical canal water
level data and salt content of particular wells will be provided in the next draft.

27. Effects of Consumptive Use and Surface Water Management Permits.

The stated definition of Minimum Flows and Levels does not consider other
impacts on groundwater levels that may be occurring, such as the effects of consumptive
use withdrawals and surface water management systems,

Other impacts on groundwater levels that may be occurring will be addressed in
greater detail in the revised document and in the LEC Plan. The regulatory discussion will
be expanded to clarify the comparison and distinction between saltwater intrusion caused
by drainage and well withdrawals. Canal water levels and permitted wellfield withdrawals
were considered during development of Minimum Flows and Levels criteria and
subsequent modeling to determine effects of these criteria. Other needs that control canal
levels , such as drainage, flood control and self-supplied water requirements, and effects
of remedial options, will be considered as part of the Lower East Coast Regional Water
Supply Plan process. Canal levels and flows and water levels in the Biscayne Aquifer will
also be addressed in development of Minimum Flows and Levels for Biscayne Bay.

28. Effects on Canal and Structure Operations

How will the proposed criteria affect canal and structure operations?

The extent to which the proposed criteria will change, alter or impact specific
water management practices for the various canals and structures has yet to be determined.
No actual changes to current operational, regulatory or management practices have been
proposed at this time, but some changes may be recommended in the Lower East Coast
Regional Water Supply Plan. Subsequent rule making will need to address water shortage
emergency provisions to allow flexibility to deliver water to surficial aquifers when
needed to prevent long term damage such as saltwater intrusion.

Preliminary modeling results indicate that the proposed criteria apparently have
very little effect relative to current management practices. The criteria will increase
protection of the Biscayne Aquifer by imposing minimum levels for canals. Additional
modeling is underway to identify the area of influence for each canal. Minimum levels in
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some canals may be modified to offer greater protection. This section of the report will be
rewritten to more clearly state the issues and concerns related to Minimum Flows and
Levels, identify proposed interim criteria and layout strategy to develop more detailed
Minimum Flows and Levels according to the schedule presented in the District Water
Management Plan (April 1995).

29. The Proposed Minimum Levels May be Too Low.

The proposed minimum water levels at key structures appear to be much too low to
prevent saltwater intrusion.

The criteria proposed in the Minimum Flows and Levels report are being applied
as a means to evaluate how well the system is performing. No actual changes to current
operational practices are proposed at this time. The water levels proposed for canals such
as S-25B, S-26, S-22, C-51 and Hillsboro may be to low to adequately protect the
wellfields that are located further seaward, between the canal and the saline interface. The
proposed water levels were primarily intended to protect resources near the canals.

Additional modeling work is presently underway to look at increasing levels in C-
51 and the Hillsboro canals above the levels specified in the report to see if these changes
can provide increased protection for users located east of the structures.

LAKE OKEECHOBEE

30. Long Term Effects of Maintaining MFLs.

Long term maintenance of the minimum water levels proposed in this plan could
result in damage to the system.

This issue is addressed, to some extent, through the return frequency component
of the criteria, which indicates that these the criteria should not be exceeded more often
than they were historically. In addition, our present operational capabilities do not give us
sufficient control to be able to "maintain" these levels on a continuing basis, nor is there
any biologically-driven need or desire to do so. This means that if future weather patterns
are similar to historical patterns, during wet periods the system will be wet throughout,
and there is little that could be done to "maintain" the minimum water levels.

31. Exposure of the Lake Bottom.

Most prior studies of Lake Okeechobee have emphasized the adverse effects that
high water levels on the Lake. The basis for choosing a minimum level and
duration for Lake Okeechobee is not clear, since low lake stages may arguably
provide some important benefits.

Exposure of the bottom in itself is not an adverse impact, since existing marsh
vegetation would not lose contact with the water table or capillary water. This conclusion
holds true as long as one does not consider that fish spawning, larval fish development,
and foraging depend on some minimal level of standing water above the sediment surface.
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Frequent or prolonged loss of this standing water in critical habitat areas could have major
impacts on lake fisheries.

32. Creating New Marsh.

Because of the gentle slope of the lake, it would appear that additional new marsh
would be created at lower water levels.

This generally is not true for Lake Okeechobee. At the south end of the lake, there
is potential for marsh expansion towards the mid-lake region, but along the edge of the
large western marsh region, there is a relatively sharp drop off in depth. Furthermore, the
high concentrations of suspended sediments in the lake water greatly limit light
penetration into the water column, and restrict plant expansion lakeward. For these
reasons, lower lake levels are not expected to cause widespread expansion of marsh.

33. Use of Drawdowns to Improve Lake Ecosystems.

Wouldn't the occurrence of Lower levels on a periodic basis have the effect of
"drawdowns" practiced in other lakes, such as Lake Apopka, to control the spread
of exotic macrophytes, including Hydrilla?

Given the scientific evidence that drawdowns would harm native vegetation
communities in the lake's marsh zone, including Eleocharis and bulrush, we do not feel
that such a management strategy could be justified on the basis of possible Hydrilla
control. On the other hand, it is a valid point to say that periodic low water levels may
benefit the wading bird communities "by concentrating prey resources." This issue is
described in the document, and it was one of the conclusions of the Lake Okeechobee
Ecosystem Study. The key point here is frequency and duration -- if the drawdowns occur
too often or for too long, they will be harmful to the biota. The proposed return frequency
for 11 ft events agrees well with conclusions from the Lake Okeechobee Ecosystem Study,
and also reflects the natural return frequency for drought events during the last 40 years.

34. Torpedograss.

² It appears that the proposed minimum levels are based on minimizing the potential
spread of torpedograss. If this is the management objective, other means for weed
control should be considered and evaluated.

The proposed minimum water level criteria for Lake Okeechobee are designed to
prevent substantial harm to the water resources, including biological communities, with a
major focus on fish and birds. Plant community structure is the major determinant of
habitat value for these animals (as documented in District and Florida Game and Fresh
Water Fish Commission scientific research), and vegetation community structure is a
function of hydroperiod (as documented in the results of the Lake Okeechobee Ecosystem
Study). Scientific evidence indicates that if water levels fall below the 11 ft NGVD
criterion for long periods of time, or if these events occur with a high frequency, critical
animal habitat will be lost.
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As an example, it has been documented that largemouth bass spawn and forage in
bulrush communities, which occur between the 11 and 12 ft NGVD contour in the lake.
Prolonged low water levels are expected to have harmful effects on this habitat and its
estimated $175 million fishery (FGFWFC estimate, 1996). One of the changes expected
to occur at low water levels is a replacement of Eleocharis by torpedo grass, primarily in
the Moonshine Bay region of the lake. However, this is just one expected impact -- not the
major driving force for the criteria selection. These points will be clarified in a revised
version of the lake criteria.

THE EVERGLADES

35. Rocky Glades Criteria.

Water levels in these areas should be managed not only to protect soils and
vegetation, but to ensure survival of invertebrates and small fishes that live in the
flooded system and survive dry conditions in the bottom of pinnacle rock solution
features. Perhaps more conservative conditions in terms of water level drawdowns
and return frequencies should be considered. Exact relationships need to be
defined by field investigations.

We do not disagree that more conservative criteria may be appropriate to protect
aquatic resources of the Rocky Glades, but we were limited in our analysis by a lack of
scientific data. If you can provide us with additional information to develop these criteria,
we will be happy to consider them and revise or criteria if appropriate. The District may
also consider supporting research and monitoring efforts in the Rocky glades during the
next several years as a means to develop better information.

36. Marl Forming Wetlands.

The criterion for protection marl soils is not clearly stated. Is it based on
protection of soils themselves or the other biota that live in and on these soils?

Marl soils tend to provide more capillary action to move water toward the surface
than is provided by muck soils. Marl can therefore remain moist when water levels drop
further below ground (24 to 30 inches for marl as opposed to 12 inches for muck).
However, once the capillary effect is broken, marl soils dry very rapidly and to a very low
soil moisture level. It is the judgment of our scientists, and supported by evidence from
the scientific literature, that such extreme dry conditions result in death of the overlying
shallow-rooted and surficial vegetation communities (such as periphyton) and any eggs or
larvae of animals that could otherwise be sustained in moist soils. Such damage, although
not irreversible, constitutes a major, "more than normal," setback to Everglades plant and
animal communities when it occurs more frequently or for longer periods of time than
such events occurred historically. The acceptable duration of water levels below ground
was more difficult to establish for marl wetlands, because there was no definitive
scientific evidence or opinion to provide a basis for determination. Results of model
simulations indicated a range from 49 to 105 days, with an average of 75 days, for marl
soils flanking Shark River slough. Since there was no other basis to choose a different
number, 75 days was selected as the criterion.
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As indicated in the report, the District will continue to work with staff of ENP to
refine the depth and duration of minimum levels for both peat and marl soils in the Park.

37. Harm to Muck Soils.

The definition of harm for Everglades peat soils needs to be explained further.

Please see the discussion of muck soils (Topic No. 9) above. The proposed
definition of significant harm for muck soils is based on the occurrence of dry conditions
that may result in loss of muck due to burning. Loss of muck is considered to be
significant harm because muck is an integral part of the historical northern Everglades
Ecosystem that takes a long time to replace. Thus the harm caused a severe burn may last
for many years or even centuries and is therefore considered as significant. The issues of
aerial extent, frequency, depth of muck destruction, and time needed to replace the
resource, are critical components of the definition of "significant" that must be resolved
through technical and policy discussions.

Minimum Water Depth.

The one foot value for muck soils was chosen, based on information from the
literature, as a representative depth of water below the surface that would sustain
sufficient moisture at the surface through capillary action, to protect the soils from a
moderate fire.

Effects of Fires.

Under extreme conditions in localized areas, a severely hot fire could possibly
force water out of the soil first and then cause it to burn, even if the water is less than a
foot below ground. Thus it is possible that "significant" damage could occur within the
system with the proposed criteria in place. However. it is felt that the chances of such
occurrences are very small and that the damage would tend be localized.

Muck depths in the Everglades are highly variable due to many factors besides fire
frequency and water depth. These factors include depth to bedrock, land surface
elevation, proximity to canals, and the presence of favorable water quality conditions
(low pH and low dissolved solids) for muck deposition. Generally, muck soils are more
than a foot deep throughout the Water Conservation Areas.

Duration.

The 30 day period of time that water is below ground was derived primarily from
data in the literature, based on actual field studies of muck wetlands. A similar analysis
of data from the Natural Systems Model indicated a range in duration of water levels
below ground from 25 to 81 days with an average of 57 days. The 30-day criterion was
chosen in favor of the 57-day criterion because a) there were was actual information from
the literature to support this value, and b) it represents a somewhat more conservative and
"safer" approach. It is proposed that exceeding this criterion on a frequent and sustained
basis, greatly increases the likelihood that significant harm can occur to the system. The
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details of how the District will incorporate this criterion into regulatory and operational
actions will be further analyzed during preparation of the Lower East Coast Regional
Water Supply Plan.

Frequency.

The scientific literature and historical data indicate that peat burning was a natural
occurrence in the Everglades. However, these studies also indicate that such burning
occurred infrequently and was limited in spatial extent. Because of the great variability in
elevations and depths of muck soils in the Everglades, the relatively sparse distribution of
monitoring locations, and the fact that the minimum levels will not be "maintained" but
only used as indicators or triggers, indicates that some areas of the Everglades will
continue to experience peat fires. The intent is not to eliminate such fires, but rather to
attempt to modify their frequency and extent to more closely mimic historical conditions.

FUNDING SOURCES

38. Funding Sources.

More considerations should be given to the use of user's fees as a source of
funding.

While user fees have precise definitions, we are looking more closely at them in
response to the committee's questions. User fees can be charged to current users for
something discrete like raw water; it is more difficult to charge a user fee for a public
good, such as flood protection. We see no apparent barriers to prevent this approach.
Again, the revenues gained may not be sufficient to offset the cost of implementing and
collecting these fees.

II. COMMENTS RECEIVED FROM THE SCIENTIFIC PEER
REVEW PANEL 9/22/98

Final Report of the Peer Review Panel Concerning Proposed Minimum Water
Level Criteria for Lake Okeechobee, the Everglades, and the Biscayne aquifer
within the South Florida Water Management District (September 22, 1998).

PEER REVIEW PANEL:

1. Jeffrey L. Jordan, Ph.D., Chair, Professor Agricultural &
Applied Economics, University of Georgia

2. John M. Shafer, Ph.D., Director & Professor, Earth Sciences &
Resource Institute, 3. University of South Carolina

3. Donald M. Kent, Ph.D. Partner, Wetland Design Group,
Ipswich, Massachusetts

4. Ellen van Donk, Ph.D. Head, Dept. of Food Chain Studies,
NIOO-Centre for Limnology, The Netherlands
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5. Charles L. Coultas, Ph.D. Retired Professor, Soil Science &
Horticulture, Florida A&M University

INTRODUCTION

The responsibility of this panel was to review the technical data, methodologies,
and conclusions made in the development of the minimum flows and levels (MFL) criteria
for three hydrologic systems in South Florida: Lake Okeechobee, the Biscayne Aquifer,
and the Everglades. In addition, the panel's responsibilities included the consideration and
inclusion of input from the public workshop conducted on August 31 and September 1,
1998, where relevant. This report summarizes the panels finding regarding the key facts
as found in the literature and information presented during the workshop and conclusions
and recommendations on the subjects raised by both the South Florida Water Management
District (SFWMD) staff and public participants.

In reviewing the draft MFL criteria (prepared by the SFWMD staff and dated July
8, 1998), the general questions that the panel addressed included:

1. Did the draft document present a defensible scientific basis for
setting initial (emphasis added) minimum flows and levels
(MFL) within each of the three hydrologic systems? Were the
approaches or concepts described in the document scientifically
sound and based on the best available information?

2. Were the proposed criteria logically supported by "best
available information" presented in the main body of the
document? What additions, deletions or changes would
enhance the validity of the document?

3. Are there other approaches to setting the criteria that should be
considered? Is there available information that has not been
considered by the SFWMD staff?

In essence, the panel's task was to determine if the appropriate scientific models
and applications were employed, if all relevant data were used, and if the MFL criteria
were a logical consequence of the science and the data. In fulfilling this task, it was
necessary for the panel to understand the policy and legal issues as set by the Governing
Board of the SFWMD. This was particularly important in the case of the definition of
significant harm as outlined in the draft report. The panel found the report to be clear and
understandable in establishing these concepts.

GENERAL PANEL RESPONSE TO THE DRAFT REPORT

As a general response to the above three questions, the panel recognizes that South
Florida water resources comprise an integrated, dynamic water resource system. As such,
behavior of each component, beginning with Lake Okeechobee, influences, and often
controls, the behavior of other components. This circumstance is clearly acknowledged in
the draft document. Additionally, the panel recognizes the numerous and sometimes
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contradictory functions of the three hydrologic water systems. As is the case in most
places in the U.S., there are many legitimate and statutory demands on the three
hydrologic systems. From drinking water to agriculture, to the health of the ecosystems
involved, the panel recognizes that the SFWMD must balance, and determine how the
hydrologic systems can best serve, the various demands. The panel has found that the
draft document presents a logical, well-supported case for the proposed MFL criteria. In
general, the recommendations are backed by reference to appropriate scientific findings in
published literature and SFWMD experience and research. The SFWMD, however, should
identify federal, state, and local regulations that may constrain or otherwise affect the
establishment of minimum flows and levels. In some instances, described below, there is
concern regarding the physical feasibility of achieving the recommended minimum flows
and levels. This suggests the need for thorough monitoring of the MFLs that are
implemented.

Whether directly or by implication, the SFWMD has appeared to rank the
importance of the water resource functions that are to be reestablished, preserved, or
enhanced. From our reading, the draft document implies that intervention and abatement
of salt water intrusion in the Biscayne Aquifer is the highest concern regarding integrated
management of the water resources under control of the SFWMD. Establishment of
minimum levels in Lake Okeechobee is, in part, designed for "protecting the Biscayne
Aquifer against salt water intrusion." Similarly, the minimum recommended water levels
for the Everglades are designed to "provide ground water recharge and prevent salt water
intrusion of the Biscayne Aquifer." If in fact the issue of salt water intrusion is the primary
concern of the SFWMD, the draft document should state that clearly and early. The report
could state that the focus or primary interest in establishing minimum levels is to control
salt water intrusion and that an integrated approach to controlling the levels in Lake
Okeechobee, the Everglades, and the Biscayne Aquifer is necessary to accomplish this
objective. If other water resource functions are equally important this should also be
noted early in the document. Whatever the perceived emphasis of the report, the panel
recognizes that the SFWMD must consider and balance all of the competing water
resource functions of the three hydrologic systems. Water demands of the environment,
water supply, prevention of salt water intrusion, as well as navigation and recreation areas,
must all be considered in developing the MFLs.

Regarding data issues, the draft document presents the SFWMD interpretations of
much of the "best available information" without presenting the raw data. While much of
these data are in the Appendix document, more could be included in the main document.
There are basic pieces of data that could be included in the draft document that would help
the reader evaluate the inferences made by the SFWMD. For example, there is ample
discussion regarding the role of rainfall in driving the systems and the effects of seasonal
variation in rainfall. There is, however, no chart of long term average monthly
precipitation, for any recording station, presented in the draft document. The same holds
true for ground water issues.

Overall, the panel found the draft report to be well written, scientifically sound,
and adequately referenced. The report made a clear connection between policy
foundations and the reviewable technical issues. Particularly, the report made clear the
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issues of significant harm and the point at which such harm occurs. The report also made
clear those indicators of significant harm for each of the three hydrologic systems. The
report should, however, make clear that MFLs are set to prevent the occurrence of
significant harm.

The structure and layout of the report was clear. The panel was impressed by the
amount, and integration, of information used in developing the MFL criteria. The panel
was also impressed with the willingness of the SFWMD staff to accept and encourage any
input that would improve the MFL criteria setting process. The bulk of this report will
examine the MFL proposals for each of the three hydrologic systems.

REVIEW OF INDIVIDUAL HYDROLOGIC SYSTEMS

Lake Okeechobee

Before construction of the Herbert Hoover Dike, Lake Okeechobee had a larger
pelagic and littoral zone contiguous with the Florida Everglades. Output from the
SFWMD "Natural System Model," as well as historical data noted in the report, indicates
that the lake levels fluctuated between 17 and 23 feet NGVD. Following the construction
of the dike, the lake has experienced numerous occasions when lake levels have been
below 11 feet NGVD for prolonged periods of time. When the water level is below 11 feet
NGVD, nearly the entire littoral zone is dry and not available as a habitat for fish and other
aquatic life. This also includes critical habitats such as Moonshine Bay and the peripheral
bulrush communities. Further, a short hydroperiod may play a role in determining rates of
expansion of exotic plants and the ability to eradicate them. The invasion of exotic
species seems to be promoted by water levels lower than 11 feet NGVD. The influence of
hydroperiods on invasion of exotic plants is based only on observational data.
Experimental ecological research is needed to obtain a more complete understanding of
the response of native and exotic vegetation to water levels of 11 feet NGVD and lower.
Particularly, the effects of hydroperiod on torpedo grass are not clear. The subsequent
secondary impacts on fish and wildlife are even more complex, and require a sophisticated
research approach.

Thus, the panel concludes that based on the draft document, and information
presented at the public workshop, the MFL criteria of 11 feet NGVD is appropriate given
current information. However, the long-term effects and cumulative impacts of low lake
levels (less than 11 feet NGVD) are uncertain. The draft report notes that a science-based
criterion for return frequency will likely remain elusive, given the long-term (decades)
nature of data that would be required to support that attribute.

The panel is concerned about the minimum of 10 feet NGVD allowed in the draft
for the period of April 15 to July 15. It is clear from Figure 12 (page 52) that it is not
anticipated that the 10 feet minimum would occur for the entire period. Rather, a 10 feet
minimum level is anticipated to occur for only a short period around the first of June. The
panel does recognize that this minimum level for April 15 to July 15 follows Zone C
which moves the district into Phase 3 water restrictions. The panel also understands that
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this minimum period is in response to the competing demands for water beyond the littoral
zone of the lake.

Given the potential for significant harm (or at least the uncertainty regarding the
potential for significant harm), best available information suggests that initial minimum
water levels to prevent potential significant harm to littoral zone fish and wildlife habitat
should be not less than 11 feet. At best, the draft report should acknowledge the lack of
information to support littoral zone, fishery, and wildlife functions at levels below 11 feet.
An alternative criteria may be minimum water levels of not less than 12 feet every three
years and not less than 11 feet every seven years.

The panel recognizes that other water resource functions of the lake are
competitive with the water demands of the environment (i.e., littoral zone). For example,
water supply development, prevention of saltwater intrusion, and maintenance of
navigation and recreation access, are other water resource functions that must be
considered by the District's Governing Board. Maximization of all these functions during
a rainfall deficient period will be difficult. Therefore, the SFWMD should describe what
tradeoffs and risks among these competing water resource functions were considered by
the District in development of the minimum level criteria.

Biscayne Aquifer

In reviewing the MFLs for the Biscayne Aquifer it became clear to the panel that
no actual direct minimum water levels for the Biscayne Aquifer were recommended. A
surrogate criterion (i.e., a minimum canal stage) is used to achieve minimum water levels
in the Biscayne Aquifer. While this approach has merit and is easily implemented, it does
not directly address the minimum water levels in the aquifer.

The report should clearly explain the difference in recommending minimum water
table elevations (i.e., minimum levels in the Biscayne Aquifer) versus minimum canal
levels. The report should also discuss the spatial extent of ground water influence via the
Lower East Coast (LEC) canal system and locations where the canals may not directly
control water table elevations.

Some water resource functions are competitive. For example, two of the water
resource functions identified for the Biscayne Aquifer are water supply development and
prevention of salt water intrusion. Presumably, maximizing both functions will be
difficult. As in the case of Lake Okeechobee, the SFWMD should describe what tradeoffs
among competing water resource functions were considered in developing the minimum
levels for the Biscayne Aquifer.

The effect of maintaining minimum water levels in the Everglades, in terms of
raising ground water levels in the Biscayne Aquifer along the LEC, should be addressed in
the final document. There is interaction between the water levels in the Everglades,
canals, and the Biscayne Aquifer, and ground water flow to the coast. The final report
should describe to what extent water levels in the Everglades are hydraulically
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disconnected from Biscayne Aquifer levels along the LEC via the intervening canal
system.

Historic Biscayne Aquifer inter-annual water table fluctuations need to be more
clearly referenced and noted in the text. For areas of the Biscayne Aquifer not under the
direct influence of canal stage, an analysis of historic water level fluctuations may be an
alternative method of establishing minimum water level criteria.

Sonenshein (1997) Figure 1 shows that, at least in Dade County, the landward
extent of the salt water interface in the Biscayne Aquifer as estimated in 1995 is not,
except for a few locations, significantly different from the estimated position of the
interface in 1984. Within the inherent uncertainty in the data, there may or may not be a
difference between the location of the salt water interface in 1984 and 1995. An
alternative approach to establishing minimum flows for mitigation or abatement of salt
water intrusion is to address each individual problem location (e.g., well field), on a case
by case basis. The panel recognizes the SFWMD does address these issues as part of their
permitting process. However, this can be aided by three-dimensional density dependent
ground water flow and solute transport modeling.

The panel also identified a number of technical issues regarding MFLs for the
Biscayne Aquifer:

1. Literature coverage and interpretations.

There is a wealth of literature concerning the hydrology/hydrogeology of
Southeast Florida, the Biscayne Aquifer, and salt water intrusion. Although an exhaustive
literature search was undertaken by the SFWMD, it does not appear that an equally
exhaustive review of the identified literature was completed. Interpretations seem
consistent with the published findings. There is, however, repeated reference to the lack of
correlation between fresh water heads and chloride concentrations. Yet, these same data
are used to "verify" the validity of using the Ghyben-Herzberg relationship as criteria for
setting minimum levels for the Biscayne Aquifer.

Parker, et al., (1955) is extensively cited throughout the draft document. While it
may be the major early work describing the water resources of southeastern Florida,
several more recent publications may incorporate more recent data and interpretations.

2. Evaluation of water level and water quality data from wells and canals.

The only ground water level map presented in the draft document is in the
appendix (Figure A.2) which shows the average potentiometric surface. Knowledge of
the historic inter-annual Biscayne Aquifer water table fluctuation would be useful,
especially due to the assertion regarding short term versus longer term water level
fluctuations and their relationship to the movement of the salt water interface. Appendix
table A.5 in the draft document contains data for intra-annual water table fluctuations.
However, these data are not contoured, nor is it clear how these data were used in the
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development of the minimum water level criteria for the Biscayne Aquifer other than to
attempt to validate the Ghyben-Herzberg relationship.

Ground water quality data (i.e., chloride data) were analyzed extensively. The
conclusion drawn indicates there is no significant correlation between water level data and
chloride concentrations. However, it is ultimately the fresh water head and water
extraction that controls salt water intrusion. More consideration could be given to the
historic variability in ground water levels and how the modern system may be artificially
manipulated in light of pre- development ground water behavior. Rather than an arbitrary
minimum level for the Biscayne Aquifer along the LEC, the report could consider how the
ground water levels fluctuated prior to development and control. This information may
shed light on natural intra-annual variability and offer an alternative to the static levels
recommended based on canal levels necessary to hold the salt water wedge at its present
location. In essence, more flexibility in minimum levels, especially away from the
influence of well fields, may allow a better optimization of the other components of the
system.

There is considerable discussion in the draft document regarding the importance of
rainfall as the system "forcing" mechanism. No hydrograph is presented for the period of
record for any recording station in the area. The draft report should also mention what
influence, if any, tidal fluctuations have on the dynamics of the hydraulic behavior of the
Biscayne Aquifer.

3. Ghyben-Herzberg relationship.

Many of the public comments regarding the Biscayne Aquifer centered on the
Ghyben-Herzberg relationship and its appropriate use in this case. In theory, the Ghyben-
Herzberg relationship is a reasonable approach for establishing minimum levels for the
Biscayne Aquifer to prevent salt water intrusion. However, several factors reduce the
appropriateness of the Ghyben-Herzberg relationship for such purposes. The Ghyben-
Herzberg relationship assumes static equilibrium and a hydrostatic pressure distribution in
the fresh water region with stationary seawater. These theoretical conditions result in a
sharp interface between salt water and fresh water. In actuality, static equilibrium does not
exist and there are significant vertical ground water flow components associated with well
field pumping and Biscayne Aquifer discharge to the sea. Consequently, the sharp
interface becomes a dynamic transition zone where salinity concentrations vary spatially
and temporally. The coefficient of 40 for the Ghyben-Herzberg relationship (Zs = 40 Zf ),
where Zs is the depth below sea level to the salt water interface, and Zf is the height of the
water table above sea level, is based on the density of open ocean water of approximately
1.025 gm/cm3. If the density of coastal sea water is slightly less than 1.025 gm/cm3 then
the depth to the salt water interface estimated by the Ghyben-Herzberg relationship is
proportionately greater. For example, if the density of the seawater is 1.020 gm/cm3 then
the depth to the salt water interface is 50 times the height of the freshwater table above sea
level.

The SFWMD should clearly explain how the Ghyben-Herzberg relationship did,
or did not, influence the recommended minimum levels in the LEC canals and hence the
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Biscayne Aquifer. The draft document (Appendix A, pg. A-1) states that "Additional
water level/water quality information was examined to verify the validity of using the
Ghyben-Herzberg relationship as criteria for setting minimum levels for the Biscayne
Aquifer." This statement suggests that the Ghyben-Herzberg relationship was used to set
the Biscayne Aquifer minimum levels. If this is not the case, as indicated in the public
meeting, then the report should more clearly describe how the minimum levels were
determined.

4. Movement and duration of chloride and salinity gradients.

The movement and duration of chloride and salinity gradients appear to be well
documented in the literature (Sonenshein, 1995; Kohout, 1960; etc.). However, from
Sonenshein's (1997) analysis, a conclusion can be drawn that, although there has been an
increase in developed lands and associated demands for potable water, the ground water
system has greater capacity for development without widespread salt water intrusion than
may be recognized. The panel is aware that there exists uncertainty regarding this
conclusion. For example, Fish (1988; pages 1-2) noted, concerning Broward County, that
large scale pumping from municipal well fields will generally lower the water table and
induce salt water intrusion. The draft document also cites similar conclusions from
Parker, et al (1955).

Figure 17 (pg. 71) in the draft document needs to be more carefully explained.
The basis (i.e., data source) for the figure is uncertain. The text discussing Figure 17
states that "When groundwater (sic) levels are depressed for periods in excess of six
months duration, permanent movement of the saline interface may result... " However, the
schematic diagram Figure 17 does not seem to support this conclusion. The "below
minimum level for 180 days" line does return to the 1 ppt chloride line while the "below
minimum level for 365 days" line does not return to 1 ppt chloride. However, there is no
indication as to when (i.e., between 180 days and 365 days) the system fails to recover.
The report only indicates that chloride concentrations do not recover in 365 days.

5. SFWMD Modeling Efforts.

No information is provided in the draft document concerning how the South
Florida Water Management Model addresses the hydraulic connection and communication
between canals and the ground water system. This is a crucial issue because the minimum
water level criterion recommended for the Biscayne Aquifer is partially supported by the
results of the model simulations. The discussion in Appendix A, (Section III) needs to
remind the reader that the "results" presented are from simulations, not observations.

Assuming that there is effective communication between the canals and the
Biscayne Aquifer water table, maintaining a stage in the canals greater than the regional
water table elevation creates many spatially distributed line sources. The report should
indicate, in general, the lateral extent of the influence of the canals on the water table.
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Everglades

The panel agrees that the choice of hydric soils as MFL indicators in the
Everglades is appropriate because the peat and marl soils are the primary substrates that
support the Everglades. These soils support all major plant associations and animal
communities that characterize the Everglades.

The MFL criteria are generally supported by the best available information.
However, Stephens' (1974) conclusion that peat soil loss (or subsidence) occurs at a
ground water level maintained at -1 feet warrants investigation to understand the potential
consequences of the proposed MFL. Also, and more significantly, the proposed MFL may
allow significant harm in areas with peat soil shallower than 1 foot, and marl soils with
depths shallower than 1.5 feet. The MFL process should identify these areas, determine
the extent and significance of these areas, and consider modification of the proposed MFL
or generation of new MFL for these areas. The Florida Game and Fresh Water Fish
Commission and Everglades National Park have offered to assist in identifying shallow
soil areas.

Additionally, depending on topographic variations, a minimum water level of 1.0
foot below land surface for peat soils may be hydraulically incompatible with a drawdown
of 1.5 feet in marl soils in some locations where the marl soils are in close proximity to the
peat soils. This concern may be particularly valid for an east to west transect from Rocky
Glades (marl) to Shark River Slough (peat). It may not be possible to hold water levels at
1.0 foot below land surface in peat soils when water levels drop to 1.5 feet below land
surface in adjacent marl soils.

Furthermore, because the water level in the Everglades is a surface expression of
the water table or actually the water table (depending on whether water levels are above or
below ground surface), the minimum levels proposed for the Everglades are minimum
levels for the Biscayne Aquifer where it underlies the Everglades.

The MFL process would likely benefit from comparison to actual water levels,
vegetation, and fauna. Soil loss and burn issues as related to water level would benefit
from bench-scale or field plot experiments. Also fieldwork and/or laboratory experiments
are necessary to analyze the impact of return frequencies of short hydroperiods on the
oxidation of peat. Additionally, more knowledge of peat accretion and marl deposition,
(the most basic functions of a sustainable Everglades), should be generated in relation to
different hydroperiods.

In conclusion, the panel strongly agrees that the use of hydric soils as a indicator of
MFLs for the Everglades is appropriate. However, because the soils are diverse, the MFLs
will need to be adapted to fit this diversity. Where the organic soils are thick (i.e. over
three feet), the one foot depth for 30 days duration or less (1.5 feet depth for 90 days
duration with marl) may be appropriate. Because the thinner soils are probably in a higher
position in the landscape, a higher ground water level than proposed in this report may
need to be maintained. For these reasons, the panel is concerned that the one foot MFL for
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30 days for the organic soils and 1.5 feet MFL for 90 days within marl soils may produce
significant harm in some areas.

Biscayne and Florida bays

It is clear that MFLs for the Biscayne and Florida bays are beyond the scope of
work of this panel and the initial efforts to propose MFLs for the three hydrologic systems.
However, it is the view of this panel, given the considerable public comment on this issue,
that we must address this issue at least in the context of recommendations to the governing
board of the SFWMD.

In dealing with this issue, the panel considered whether MFLs for the Everglades
could be set without including the Florida and Biscayne bays. While recognizing that
Florida Bay is part of the Everglades, the panel is not convinced that setting initial MFLs
is impossible without MFLs for the Florida and Biscayne bays. The panel recognizes the
systems are integrated and believes MFLs for the Florida and Biscayne bays should be
moved up in the process to as soon as possible.

While the panel believes the current effort can continue, the influence, or impact,
of the proposed minimum flows and levels recommended for Lake Okeechobee, the
Everglades, and the Biscayne Aquifer on Florida Bay should be estimated. The South
Florida Water Management Model and associated performance measures can be used to
provide this qualitative insight.

Furthermore, a sufficiency review should be conducted to examine completed
surface and ground water data, especially data that illustrates the relationship between
upstream water levels and flows on bay and estuary water and salinity levels. Based upon
this review, the SFWMD, in conjunction with other stakeholders, should determine the
appropriate time and mechanism for proposal of MFLs for these areas. Also, the
sufficiency review may provide a qualitative estimate of the potential effects of proposed
MFLs for Lake Okeechobee, Everglades, and Biscayne Aquifer.

The final report should address the level of risk of significant harm to the Florida
and Biscayne bays if significant harm standards are exceeded in the three hydrologic
systems under review. This concern could be addressed using simulations performed by
the South Florida Water Management Model. Finally, some public workshop participants
noted that new literature on Florida and Biscayne bays has been generated since the
current MFL process began. The panel encourages the SFWMD to consider any new data
available. However, the panel strongly believes that the term "best available information"
means data and reports must be peer reviewed and published to be considered adequate.

MISCELLANEOUS COMMENTS ON THE DRAFT REPORT

Page 12, middle paragraph, second sentence - "The WCAs, located south of Lake
Okeechobee and east of the heavily urbanized..." The WCAs are west of the urbanized
LEC.
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Page 16, Figure 3 and the accompanying discussion is not clear. A better map
should be found.

Page 30, The report should make clear that MFLs are set to prevent the occurrence
of significant harm. The sentence in the first paragraph should read, "at the point before
which significant harm would occur".

Page 34 (first full paragraph) While it is large, table F-1 is not only significant, but
informative as a summary of the issues. Could that table be edited and included in the
body of the report?

Page 35, second paragraph - reference to Figure F-1 in Appendix F as a
bathymetry map of Lake Okeechobee is incorrect. Figure F-1 is the location of indicator
regions.

Page 42 - Reference to table 1 needs page.

Page 44 (bottom) - Could use brief table showing what phases 1 to 4 entail.

Page 51, third paragraph - text incorrectly refers to Figure 8. It is Figure 9 that
contains the Supply-Side Management Zones referred to in the text.

Page 63, Table 3b - "Minimum Depth (feet)..." should be specified as below
ground surface.

Page 63, Table 3b (note 1) - there is no Figure F-2 in Appendix F as indicated in
the note. The figure referred to is Figure F-1.

SUMMARY OF MAJOR CONCLUSIONS AND RECOMMENDATIONS

Conclusion 1: Long-term and cumulative effects of levels below 11 feet
NGVD on the littoral zone of Lake Okeechobee are too uncertain to set MFL.

Regarding Lake Okeechobee, the panel concludes that the long-term effects and
cumulative impacts on the littoral zone of lake levels below 11 feet NGVD are too
uncertain to set MFL below 11 feet even for brief periods. The panel believes that current
"best available information" suggests that the MFL criteria of 11 feet NGVD is
appropriate for protection of the littoral zone of Lake Okeechobee. However, the panel
recognizes that other water resource functions are competitive with the littoral zone
demands on Lake Okeechobee. For example, water supply development and prevention
of saltwater intrusion are other functions to be considered, although to maximize all three
functions will be difficult.

Recommendation 1:

The report should acknowledge the inadequacy of the information to support
littoral zone, fishery, and wildlife functions at levels below 11 feet. Alternatively, the
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report must present more compelling information regarding whether or not significant
harm will occur below 11 feet. The report should also state more clearly why the periods
below 11 feet are necessary. Issues of salt water intrusion and other water needs met by
the lake need to be clarified.

Recommendation 2:

The SFWMD should describe what tradeoffs and risks among competing water
resource functions were considered in developing the MFL for Lake Okeechobee.

Recommendation 3:

The long-term effects of a MFL of 10 feet are not immediately evident, and would
benefit from a more complete understanding of the response of native and exotic
vegetation to this water level. Understanding the relationship between the duration of
minimum water levels and potential impacts is especially critical.

Recommendation 4:

The final report should include a graphic showing the average annual water budget
for Lake Okeechobee. The budget should include the major components of inflow,
storage in the lake, and outflow/loss (i.e., evaporation, transpiration, controlled releases,
and ground water interaction directly associated with the lake).

Recommendation 5:

The report should make clear near the beginning that the focus or primary interest
in establishing minimum levels is to control salt water intrusion and that an integrated
approach to controlling the levels in Lake Okeechobee, the Everglades, and the Biscayne
Aquifer is necessary to accomplish this objective.

Recommendation 6:

A chart should be included of long-term average monthly precipitation for any
recording station.

Conclusion 2: The approach used to establish minimum water levels in the
Biscayne Aquifer has merit but does not directly address the issue.

It appears that no actual direct minimum water levels for the Biscayne Aquifer
were recommended. A surrogate criterion (i.e., a minimum canal stage) is used to achieve
minimum water levels in the Biscayne Aquifer. While this approach has merit and is
easily implemented, it does not directly address the direct issue of minimum water levels
in the aquifer.

Recommendation 7:
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The report should clearly explain the difference in recommending minimum water
table elevations (i.e., minimum levels in the Biscayne Aquifer) versus minimum canal
levels. The report should also discuss the spatial extent of ground water influence via the
LEC canal system and locations where the canals may not directly control water table
elevations.

Recommendation 8:

As with Lake Okeechobee, the report should describe what tradeoffs among
competing water resource functions were considered in developing the minimum levels
for the Biscayne Aquifer.

Recommendation 9:

The effect of maintaining minimum water levels in the Everglades, in terms of
raising ground water levels in the Biscayne Aquifer along the LEC should be addressed in
the final document. There is interaction between the water levels in the Everglades,
canals, and the Biscayne Aquifer and ground water flow to the coast. The final report
should describe to what extent water levels in the Everglades are hydraulically
disconnected from Biscayne Aquifer levels along the LEC via the intervening canal
system.

Recommendation 10:

For areas of the Biscayne Aquifer not under the direct influence of canal stage, an
analysis of historic water level fluctuations may be an alternative method of establishing
minimum water level criteria.

Recommendation 11:

An alternative approach to establishing minimum flows for mitigation or
abatement of salt water intrusion is to address each individual problem location (e.g., well
field), on a case by case basis. This can be accomplished by three-dimensional density
dependent ground water flow and solute transport modeling.

Recommendation 12:

More consideration could be given to the historic variability in ground water levels
and how the modern system may be artificially manipulated in light of pre-development
ground water behavior. More flexibility in minimum levels, especially away from the
influence of well fields, may allow a better optimization of the other components of the
system.

Recommendation 13:

The report should present a hydrograph for the period of record for any recording
stations in the area to help explain the importance of rainfall as the system "forcing"
mechanism.
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Recommendation 14:

The report should mention what influence, if any, tidal fluctuations have on the
dynamics of the hydraulic behavior of the Biscayne Aquifer.

Recommendation 15:

The SFWMD should clearly explain in the draft document the use of the Ghyben-
Herzberg relationship and how it did, or did not, influence the recommended minimum
levels in the LEC canals and hence the Biscayne Aquifer.

Recommendation 16:

The final report should provide more information on how the South Florida Water
Management Model addresses the hydraulic connection and communication between
canals and the ground water system.

Recommendation 17:

The final report should indicate, in general, the lateral extent of the influence of the
canals on the water table.

Conclusion 3: use of hydric soils as an indicator of MFLs is appropriate, but
the MFLs will need to be adapted to fit the diversity of soils present in the
region.

The panel strongly agrees that the use of hydric soils as an indicator of MFLs is
appropriate. However, because the soils are diverse, the MFLs will need to be adapted to
fit this diversity. Where the organic soils are thick (i.e., over three feet), the one foot depth
for 30 days duration (1.5 feet depth for 90 days with marl) may be appropriate. Because
the thinner soils are probably in a higher position in the landscape, a higher ground water
level than proposed in this report may need to be maintained.

Conclusion 4: Special consideration should be given to areas with less than
one foot of peat soil, and less than 1.5 feet of marl soils.

The proposed MFLs may allow significant harm in areas with peat soil more
shallow than one foot, and marl soils with depths more shallow than 1.5 feet. The MFL
process should identify these areas, determine the extent and significance of these areas,
and consider modification of the proposed MFLs or generation of new MFLs for these
areas. The panel further concludes that the minimum levels may not be hydraulically
feasible where marl soils exist near peat soils.

Recommendation 18:

Because the water level in the Everglades is a surface expression of the water table
or actually the water table (depending on whether water levels are above or below ground
surface), the minimum levels proposed for the Everglades are minimum levels for the
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Biscayne Aquifer where it underlies the Everglades. The draft document should
acknowledge this fact.

Recommendation 19:

The MFL process would likely benefit from comparison to actual water levels,
vegetation, and fauna. Soil loss and burn issues as related to water level would benefit
from bench-scale or field plot experiments. Also fieldwork and/or laboratory experiments
are necessary to analyze the impact of return frequencies of short hydroperiods on the
oxidation of peat and more knowledge of peat accretion and marl deposition needs to be
generated in relation to different hydroperiods.

Recommendation 20:

The panel recommends that more food web studies in the Everglades be
conducted. It appears there is insufficient knowledge available regarding the effects of
different hydroperiods on the functioning of higher trophic levels in the Everglades
ecosystem.

Conclusion 5: It is possible to set initial MFLs for the three hydrologic
systems under consideration prior to setting MFLs for the other systems.

While recognizing the integrated nature of the three hydrologic systems and the
Florida and Biscayne bays, the panel concludes that it is possible to set initial MFLs for
the three hydrologic systems under consideration prior to setting MFLs for the other
systems.

Recommendation 21:

The panel recommends that MFLs for the Florida and Biscayne bays be moved up
in the District's priority water body list.

Recommendation 22:

The South Florida Water Management Model and associated performance
measures should be used to help estimate the impact of the proposed MFLs on the Florida
and Biscayne bays.

Recommendation 23:

A sufficiency review should be conducted to determine if any new data or
information has surfaced that illustrates the relationships between ecosystem water levels,
flows, and bay and estuary water and salinity levels.
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III. STAFF RESPONSE TO PEER REVIEW PANEL
CONCLUSIONS AND RECOMMENDATIONS

4. Panel Recommendation: The report should acknowledge the inadequacy of the
information to support littoral zone, fishery, and wildlife functions at levels below 11
feet…the report must present more compelling information regarding whether significant
harm will not occur below 11 feet.

Response: Staff added text explaining the inadequacy of current information and
discussed research efforts to acquire needed information (see new section: Proposed MFL
Research and Monitoring). Staff also added the concept of dual MFL criteria (Operational
MFL & Water Supply Planning MFL) which addresses the concern about the frequency
that water levels are allowed to fall below 11 ft. without causing significant harm.

1. Panel Recommendation: The SFWMD should describe what tradeoffs and
risks among competing water resource functions were considered in developing the MFL
for Lake Okeechobee.

Response: Staff did not address directly address this issue in this document,
however it will be addressed as part of the MFL Recovery Plan evaluation based on model
simulation results.

2. Panel Recommendation: The final report should include a graphic showing the
average annual water budget for Lake Okeechobee.

Response: This was not included. Staff is working on adding a brief summary of
the lake budget based on the SFWMM 1995 base case.

3. Panel Recommendation: The report should make clear near the beginning
whether the focus or primary interest in establishing minimum levels is to control salt
water intrusion and that an integrated approach to controlling the levels in Lake
Okeechobee, the Everglades, and the Biscayne Aquifer is necessary to accomplish this
objective.

Response: This was not the primary intent or interest of the report. Staff revised
the conclusion section to correct this misconception.

4. Panel Recommendation: A chart should be included to show long-term
average monthly precipitation for any recording station.

Response: Completed. See Chapter 1, pages 7-8.

5. Panel Recommendations: a) No actual direct minimum water levels for the
Biscayne Aquifer were recommended. A surrogate criterion (i.e., a minimum canal stage)
is used to achieve minimum water levels…While this approach has merit and is easily
implemented, it does not directly address the direct issue of minimum water levels in the
aquifer.
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b).The report should clearly explain the difference in recommending minimum levels in the
Biscayne Aquifer versus minimum canal levels.

Response: a) and b). The Biscayne aquifer criteria were revised by staff to better
explain these differences. See pages 97-98 which explains the relationship between setting
minimum levels in canals, monitoring water levels and saltwater intrusion in groundwater
wells and implementing water shortage restrictions based on ambient water levels and
chloride concentrations in the aquifer.

6. Panel Recommendation: The report should also discuss the spatial extent of
ground water influence via the LEC canal system and locations where the canals may not
directly control water table elevations.

Response: We do not have sufficient monitoring data to determine where the
lateral influence of one canal leaves off and the influence of the next adjacent canal
begins. Canal water levels appear to have overlapping influence in the 11 basins included
in the table. In other basins, especially southern Miami-Dade County, the relationship
between canal levels and water table elevations is less clear (see also answer to No. 16).

7. Panel Recommendation: An alternative approach to establishing minimum
flows for mitigation or abatement of salt-water intrusion is to address each individual
problem location (e.g., well field), on a case by case basis. This can be accomplished by
three-dimensional density dependent ground water flow and solute transport modeling.

Response: Staff does not agree with the panel’s recommendation. To address each
individual problem area on a case-by case basis is beyond the scope of this regional
analysis. This scale of analysis is being conducted as part of the WPA study and the
LECRWSP effort. Site specific analyses of individual wellfields are conducted in
conjunction with the issuance of Consumptive Use Permits. Results of local modeling
efforts will be considered in the development of the MFL Recovery Plan.

8. Panel Recommendation: For areas of the Biscayne Aquifer not under the direct
influence of canal stage, an analysis of historic water level fluctuations may be an
alternative method of establishing minimum water level criteria.

Response: Historic data that has been collected since construction of the C&SF
Project was used by the District to develop its present operational criteria. The current
operational water levels are the proposed minimum water level criteria for these basins.
These operational criteria will continue to be used, to maintain existing levels of
protection.

9. Panel Recommendation: More consideration could be given to the historic
variability in ground water levels and how the modern system may be artificially
manipulated in light of pre-development ground water behavior.

Response: This type of analysis was not performed for the MFL study, but has
been addressed in the Restudy. When Restudy options are fully implemented, as a
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component of the MFL Recovery Plan, it is anticipated that critical features of pre-
development ground water behavior will also be restored.

10. Panel Recommendation: The effect of maintaining minimum water levels in the
Everglades, in terms of raising ground water levels in the Biscayne Aquifer along the LEC
should be addressed in the final document.

Response: This issue is not directly addressed in the MFL report. However,
modeling studies conducted for the Restudy indicate that as water levels in the Everglades
are increased to meet restoration goals, additional ground water seeps eastward into
coastal areas of the Biscayne Aquifer. This additional groundwater flow is more than
sufficient to meet LEC water supply needs during most years. During extreme drought
conditions, additional water will also need to be provided to the LEC from surface water
storage facilities, groundwater (ASR) storage and from reuse and other sources. The
amount and sources of the additional water needed during these extreme events will be
addressed in the LECRWSP and MFL Recovery Plan

11. Panel Recommendation: There is interaction between the water levels in the
Everglades, canals, and the Biscayne Aquifer and ground water flow to the coast. The
final report should describe to what extent water levels in the Everglades are
hydraulically disconnected from Biscayne Aquifer levels along the LEC via the
intervening canal system.

Response: This issue is addressed in greater detail in the Restudy and in the WPA
analysis. Due to the high transmissivity of the Biscayne Aquifer, there is still a direct
hydraulic connection between Everglades water levels and levels in the coastal areas of
the Biscayne Aquifer. Some proposals that are part of the Restudy and WPA may reduce
or eliminate that connection through backpumping of water from coastal basins (further
reducing groundwater levels in eastern basins) construction of seepage barriers (that block
groundwater flow) or construction of intervening lakes (which may lower adjacent
groundwater levels and lose water from the aquifer due to evaporation). Effects of such
proposals will be further considered in the LECRWSP and the MFL Recovery Plan.

12. Panel Recommendation: The report should mention what influence, if any,
tidal fluctuations have on the dynamics of the hydraulic behavior of the Biscayne Aquifer.

Response: Tidal fluctuation effects were not addressed. There is mention that
“…as salt water moves inland, a significant portion of the diluted sea water is circulated
back toward the sea along the zone of diffusion. It is estimated that up to 20 percent of the
salt water that intrudes the aquifer is returned to seawater, with the remaining 80 percent
being retained in the aquifer (Kohout, 1960)….”

13. Panel Recommendation: The SFWMD should clearly explain in the draft
document the use of the Ghyben-Herzberg relationship and how it did, or did not,
influence the recommended minimum levels in the LEC canals and hence the Biscayne
Aquifer.
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Response: Pages 51-52 and 86-87 of the Final document have been revised
omitting inappropriate references to the GHR as method for determining the MFL for the
Biscayne aquifer.

14. Panel Recommendation: The final report should provide more information on
how the SFWMM addresses the hydraulic connection and communication between canals
and the ground water system.

Response: This was not done in the revised document. For more information the
reader is referred to SFWMM documentation “A primer to the South Florida Water
Management Model (version 3.5)”, April 1999 (SFWMD, 1999).

15. Panel Recommendation: The final report should indicate, in general, the
lateral extent of the influence of the canals on the water table.

Response: See new language and Figure on pages 85-86 that show the historical
influence of canals and saltwater intrusion in the greater Miami area from 1904-1995. In
general, review of historical data indicates that early canal construction activities acted as
sources of saltwater intrusion. Prior to construction of water control structures, saltwater
intrusion occurred first along the coastal canals and followed the course of these canals
inland. Once structures were in place, this intrusion was halted and to some extent
reversed. Monitoring of the saltwater intrusion line indicates that the locations of
structures along the canals themselves still appear to represent points of maximum
intrusion and that the influence of holding higher levels in these canals extends for several
miles to either side. In the 11 basins identified in this report, the influence of one canal
appears to overlap with the influence of the next canal to form a more or less continuous
line of protection in northern Dade, Broward and southern Palm Beach Counties.

16. Panel Recommendation: Where the organic soils are thick (i.e., over three
feet), the one foot depth for 30 days duration (1.5 feet depth for 90 days with marl) may be
appropriate. Because the thinner soils are probably in a higher position in the landscape,
a higher ground water level than proposed in this report may need to be maintained.

Response: We have looked at this issue and we could find not simple way to
establish a MFL for these thinner soils at this point in time. Evaluation of NSM data under
low rainfall conditions actually showed that water levels typically receded below our
proposed criteria for some of the thinner marl soils located east and west of SRS. Thus, the
current criteria may actually be conservative with respect to protecting these areas.

17. Panel Recommendation: Water level in the Everglades is a surface expression
of the water table -- the minimum levels proposed for the Everglades are minimum levels
for the Biscayne Aquifer where it underlies the Everglades. The draft document should
acknowledge this fact.

Response: This language was added to the report. See page 80.
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18. Panel Recommendation: The MFL process would likely benefit from
comparison to actual water levels, vegetation, and fauna. Soil loss and burn issues as
related to water levels would benefit from bench-scale or field plot experiments. Also
fieldwork and/or laboratory experiments are necessary to analyze the impact of return
frequencies of shortened hydroperiod on the oxidation of peat and more knowledge of peat
accretion and marl deposition, needs to be generated in relation to different hydroperiods.

Response: This is partially addressed in the new section entitled “Proposed MFL
Research and Monitoring.” As part of the MFL Recovery Plan there should be a section
which discusses the link between establishment of the interim MFL and proposed research
and monitoring efforts underway to validate and/or refine the proposed MFL. Current
research and monitoring efforts presented herein do not specifically explain how these
data will be analyzed and evaluated to quantitatively validate or refine the MFL criteria
proposed in this report.

19. Panel Recommendation: The panel recommends that more food web studies be
conducted in the Everglades. It appears there is insufficient knowledge available
regarding the effects of different hydroperiods on the functioning of higher trophic levels
in Everglades ecosystems.

Response: See new section entitled “Proposed MFL Research and Monitoring.

20. Panel Recommendation: The panel recommends that MFLs for Florida Bay
and Biscayne Bay be moved up in the District’s MFL priority water body list.

Response: Florida Bay was recently moved up on the District’s MFL priority list.

21. Panel Recommendation: The SFWMM and associated performance measures
should be used to help estimate the impact of the proposed MFLs on Florida Bay and
Biscayne Bay.

Response: Will be done as part of MFL Recovery Plan model simulations.

22. Panel Recommendation: A MFL sufficiency review should be conducted for
Florida and Biscayne Bays

Response: Complete for Biscayne Bay, draft report has been developed for Florida
Bay and is under revision.
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Appendix E - Minimum Flows and Levels Literature Review

The following sections describe the guidelines and methods that were used to
conduct the literature search and review reports that were received.

INTRODUCTION

Information was needed that describes the range of water levels that occur during
drought conditions within hydric soils (organic peat and marl) within the Everglades
and similar peat or marl based wetland systems. This search was limited primarily to
include studies that were conducted within south Florida, and to document water depths
that occur naturally during drought conditions within the following 5 soil types:

Loxahatchee peat

Everglades peat

Perrine marl

Ochopee marl

Rockland marl

INFORMATION NEEDED

The specific information that we sought for each of the above five soils types
included the following:

1. What are the optimum conditions for the formation of each soil type?

2.What is the minimum water depth, duration and frequency of occurrence that
water levels fall below ground level during a drought for each soil type?. In other words,
on average, how low do water levels drop below ground during low water years? How
long do these events last? and what is their return frequency (1 in 3 year event, 1 in 10 year
event, etc.)?

Results of the literature search identified those technical publications or reports
that discussed these specific hydric soil types and the hydrological conditions associated
with each soil type during drought periods.

The District was also interested in reviewing publications that:
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1. documented the nature and extent of impacts that occurred within the
Everglades (or any other south Florida wetland system) due to altered hydroperiods,
reduced water levels, or overdrainage.

2. identified the effects of fire within the Everglades system.

SEARCH CRITERIA

The following topics and key words were used as a basis for a search using the
Dialog® literature review service through the SFWMD library:

Florida hydric soils

Optimum conditions for the formation of:

Loxahatchee peat

Everglades peat

Perrine marl

Ochopee marl

Rockland marl

S. Florida organic peat soils

S. Florida marl soils

Soil subsidence (in the Everglades),

Everglades water levels,

Role of fire, effects of fire in the Everglades, fire return frequency

Effects of drought in the Everglades

Effects of drought on Everglades plant communities

Effects of altered hydroperiods in the Everglades

Drainage, overdrainage, and reduced water level impacts in the Everglades
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OTHER SOURCES

In addition, an examination was made of the District library and of prior technical
publications and reports. Professional staff were also surveyed to determine if they knew
of, or had copies of, relevant literature. Four recent water level/ hydroperiod studies
conducted for and by the District were reviewed, in conjunction with a review of
bibliographies from the articles and reports obtained.

REVIEW OF REPORTS

Once the search was completed, District staff reviewed this list of references and
obtained copies of those articles and reports that appeared to include water level or
hydroperiod data for natural systems within the Everglades for detailed examination. A
group comprised of wetland biologists, agricultural engineers and a soils scientist was
assigned to read the selected documents, summarize directly pertinent information and
indicate the degree to which the document was useful for the purposes of the investigation.
All documents that were received by August 30, 1996 were examined by District staff to
ascertain their relevance to this study.

The final product of this work was a bibliography of wetland literature related to
naturally occurring ranges of hydroperiods and water levels for different plant
communities. Each relevant article was summarized, using a standard format that
included the following information:

(1) reference citation;

(2) study location;

(3) study purpose;

(4) study period;

(5) vegetation communities;

(6) water levels;

(7) hydroperiod (days per year that water was above land surface); and

(8) other.

The focus of the review was to document natural water level and hydroperiod
information for Everglades soil types; however, the "other" category was included in case
the reviewer encountered additional information which could potentially be useful during
subsequent wetland impact evaluations.
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RESULTS

Results of the consultant reports and prior studies by District staff were examined
first. A report by Environmental Sciences and Engineering (1991) provided information
on natural water levels and hydroperiods throughout the South Florida Water Management
District and included water level and hydroperiod information specific to the Lower West
Coast Planning Area (LWCPA) in Glades, Hendry, Lee and Collier counties. The Gee and
Jenson (1993) report focused on the Corkscrew Regional Ecosystem Watershed area and
included summaries of additional hydroperiod and water level studies within the LWCPA.
The Final Report of an expert panel, which was convened by the District in 1994 to
examine water level effects on wetlands in the LWCPA. Finally, a literature review was
conducted by the SFWMD (1995) to document hydrologic impacts on wetlands in the
LWCPA.

The articles and reports that were identified in the literature search are listed in the
bibliography that follows. The presence of and asterisk (*) in front of the citation
indicates that a copy of the article was obtained for review. Those articles or reports that
included natural water level and hydroperiod information that were particularly relevant to
our work in the Everglades are listed in the literature cited section of the main report.
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APPENDIX F - MFLS SUPPLEMENTAL ENVIRONMENTAL
INFORMATION

Lake Okeechobee

EFFECTS OF HIGH/LOW LAKE STAGES.

Table F-1 provides a detailed matrix of the effects of high and low water levels
on the Lake Okeechobee ecosystem. This information is broken down into a series of
high and low water level categories, bracketing what is considered the optimal range
(12 to 15 ft NGVD) of seasonal water level fluctuations for the lake. Table F-1
provides documented evidence regarding the effects of a particular water level range
and its impact (both positive and negative) on the ecology of Lake Okeechobee.
Figure F-1 is a bathymetric map that can be used to determine which areas of the lake
are exposed at various water levels.

These data do not however, explicitly address the issue of return frequency or
duration of flooding or drying. For the effects listed, it is assumed that the magnitude of
the impact will increase with increased duration or return frequency of events. It is
important to recognize the effects listed here are “direct” effects of high or low lake
levels. Under conditions when lake levels are high, it is also likely that nutrient inputs
from the watershed will also be elevated. This change in nutrient status could also
impact ecosystem attributes. These additional effects are not considered here, but are
described in the document entitled “Lake Okeechobee Conceptual Model and
Hydrologic Performance Measures” (Havens and Rosen 1997).

Everglades

"INDICATOR REGIONS"

Figure F-2 provides a graphic of the location of specific "Indicator Regions"
within the Everglades system as used in the Natural Systems Model (NSM) and the
South Florida Water Management Model (SFWMM). Indicator regions are defined as
groupings of model grid cells within the NSM and SFWMM identified by similar
vegetation coverage and soil type. These smaller subareas were developed to average
model output over a larger, multiple groupings of similar cells, rather than looking at a
single (2 X 2 mile) cell represented by a single water management gage.
2
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Table F-1. Matrix of Effects of High and Low Water levels on the Lake
Okeechobee Ecosystem.

WaterLevel
or Range

Ecological Effects
Information Base

(numbers in parentheses refer to
a reference list attached to this table)

>17 ft

(at this lake
level, entire

littoral zone is
flooded with
water depths

ranging from 2-
5 ft. deep

depending on
location)

Negative Effects:
1 damage to bulrush and critical fish habitat at lake

shore and littoral fringe due to wave erosion
2 loss of submerged aquatic vegetation due to insuffi-

cient light penetration
3 Loss of spikerush communities, expansion of cat-

tail, increase in torpedo grass at higher elevations
of the marsh

4 increased circulation of nutrient & sediment-rich
water from mid-lake to near-littoral zone

5 increase in lake-wide total phosphorus concentra-
tions, possibly due to greater net internal loading

6 higher phosphorus concentrations in water dis-
charged to downstream ecosystems

7 transport of nutrients into pristine areas within the
littoral zone, with nutrient-induced shifts in periph-
yton and plant community structure

8 extensive loss of nesting and foraging habitat for
wading birds

9 reduced reproductive success for alligator popula-
tions

10 loss of willow habitat (preferred wading bird and
snail kite nesting areas) with prolonged flooding

11 loss of habitat for certain mammals (e.g., bobcats)
12 reduced germination of native plant species in

areas that are inundated for long periods of time
13 loss of habitat for Okeechobee gourd, a federally-

endangered plant

Positive Effects:
14 reduced germination of melaleuca and torpedo

grass

1 observations of wave impacts and comprehensive
fisheries surveys by FGFWFC (1)

2 plant survey data from high water period and lab
experiments (2)

3 vegetation studies documented by Milleson (8)

4 statistical analysis of water quality data and
hydrodynamic model output (3,4)

5 statistical analysis of w. quality data (3)

6 statistical analysis of water quality data (3)

7 hydrodynamic model output and results of nutri-
ent-addition mesocosm experiments (4,5,6)

8 results from Lake Okeechobee Ecosystem Study
(LOES) (7)

9 information provided by FGFWFC staff from
yearly alligator nesting surveys

10 results from LOES (7)

11 preliminary results from District / USACE) study
of animal use of littoral zone

12 documented by Milleson (8)

13 observations by District and USFWS staff

14 exp. research on melaleuca germination and
growth (9) and influence of water depths on tor-
pedo grass growth and biomass (10)

>16 ft

(at this lake
level, entire

littoral zone is
flooded with
water depths

ranging from 1-
4 ft. deep

depending on
location)

Negative Effects:
1 Similar impacts as listed for > 17 ft. NGVD,

except that the loss of bulrush community due to
wave action (item 1) is not as great a concern at
this water level

Positive Effects
2 same effects as listed for >17 ft. level

see corresponding items above, under > 17 ft Cate-
gory

>15 ft

( entire littoral
zone is flooded

with water
depths ranging

from a few
inches to 2-3 ft.
deep depending

on location)

Negative Effects:
1 Similar impacts as listed for > 17 ft. NGVD,

except that the loss of bulrush due to wave action
(item 1) is not as great a concern at this water
level, and nutrient transport into the interior marsh
(item 6) is less likely at this lake stage.

Positive Effects:
2 same effects as listed for >17 ft. level

see corresponding items above, under > 17 ft Cate-
gory
3
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Table F-1 (Con't). Matrix of effects of high and low water levels on the Lake
Okeechobee ecosystem.

WaterLevel
or Range

Ecological Effects
Information Base

(numbers in parentheses refer to
a reference list attached to this table)

15 ft to 12 ft
Range

(approx. 50%
of the time
lake stages

fluctuate
between these
two levels) At
12 ft. NGVD

approx. 73% of
the marsh is
exposed as

dry land

Positive Effects:
Natural water level fluctuations in response to sea-
sonal rainfall within this range are considered to eco-
logically benefit the littoral zone as well as other lake
societal values (fishing, ecotourism, recreation, navi-
gation).
1 optimization of prey resources for water birds
2 enhanced germination of native plants
3 reinvigoration of willow stands
4 facilitation of beneficial fires that can burn away

cattail and torpedo grass
5 provide hydroperiods and water depths that will

support spike rush (Eleocharis) communities in
Moonshine Bay, a critical habitat currently threat-
ened by torpedo grass expansion during dry peri-
ods.

6 peripheral bulrush habitat still has standing water
and can be used as nesting and foraging habitat by
largemouth bass and other recreationally impor-
tant fish species.

7 increased light penetration results in the regrowth
of beneficial submerged aquatic vegetation such
as pond weed or eel grass when lake levels fall
within the 12 –13 ft. range.

8 absence of many harmful effects associated with
higher or lower lake levels

Negative Effects:
9 when lake levels fall to 12 ft for extended periods,

upper elevations of the littoral zone dry out and
allow for the expansion of melaleuca, torpedo
grass and other terrestrial species. Recent success
in the melaleuca eradication program to date may,
in part, be a result of lake levels not falling to
these levels for the past several years.

1-4 Results from LOES (7)

5 GIS maps of littoral zone flooding, GIS vegetation
maps, experimental studies at UF regarding tor-
pedo grass growth under standing water (10)

6 see items 1 and 7 above, under the > 17 ft category

7 see item 2 above, under the > 17 ft category

9 observations of rapid melaleuca expansion follow-
ing the 1989 drought, and results of experimental
research at FAU (9) and UF (10)

<12 ft

When Lake
levels fall < 12
NGVD more

than 73% of the
marsh is

exposed as dry
land

Negative Effects:
1 Large regions of the marsh dry out and become

available for invasion by Melaleuca, torpedo grass
and terrestrial weeds

2 large areas of the marsh are no longer available as
nesting or foraging habitat for fish, wading birds
and other aquatic dependent wildlife.

3 Stabilized water levels within this range allow cat-
tails to expand and out-compete bulrush and
other native species within the littoral zone.

4 Increased predation of wading bird nests
Positive Effects:
5 enhanced germination of native plants
6 reinvigoration of willow stands
7 increased frequency of beneficial fires that can

burn away cattail and torpedo grass thatch
8 most of Moonshine Bay is still inundated, and the

peripheral bulrush community is usable as a fish-
ery habitat

9 improved water quality nearshore with increased
light penetration resulting in the regrowth of ben-
eficial submerged aquatic vegetation (especially
in southern region of the lake)

10 migratory waterfowl (diving ducks) utilization of
open water areas of the lake generally increases.

11 consolidation/oxidation of organic sediments
which improve water quality.

1 see item 9 under the 12-15 ft category

2 results from LOES (7)

3-6 results from LOES (7)

7 see item 2 above, under the > 17 ft category

8-9results from LOES (7)

10FGFWFC waterfowl surveys of the lake

11FGFWFC studies of other Florida lake drawdowns
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Table F-1 (Con't). Matrix of effects of high and low water levels on the Lake
Okeechobee ecosystem

WaterLevel
or Range

Ecological Effects
Information Base

(numbers in parentheses refer to
a reference list attached to this table)

<11 ft

When Lake
levels fall < 12
NGVD more

than 94% of the
marsh is

exposed as dry
land

Negative Effects:
1 nearly the entire marsh is available for invasion

by melaleuca, torpedo grass, Brazilian pepper, and
other exotic plants whose germination or growth
is inhibited by standing water

2 most of the marsh can no longer function as a
spawning habitat for fish, aquatic invertebrates, or
other wetland biota

3 at this lake level, the Moonshine Bay region
becomes dry, and can no longer function as a
valuable fishery habitat, or as a habitat for the fed-
erally-endangered snail kite

4 at this level, the peripheral bulrush community is
exposed, and can no longer function as an impor-
tant habitat for bass and other economically-
important fish. In addition, extreme low lake
stages allow cattails to replace bulrush at the outer
fringes of the marsh.

5 at low lake stages snail kite nesting and foraging
success on the lake are significantly reduced.

6 significant increase in the frequency of severe
fires which consume wetland vegetation, soils and
wildlife habitat

Positive Effects
7 same as above for the < 12 ft. category

1 see item 9 under the 12-15 ft category

2 observations of animal use of different regions of
the marsh

3 GIS maps of littoral flooding and exposure; obser-
vations animal use of different regions of the
marsh; information provided by USFWS regard-
ing snail kite ecology

4 GIS maps of littoral flooding and exposure; infor-
mation provided by FGFWFC regarding fish use
of native plant communities (1)

5 Bennetts et al.1994

6 D. Fox, FGFWFC, personal communication

|
7 7 see corresponding information above, under the

<12 ft. category

<10 ft

When Lake
levels fall < 12
NGVD more

than 99% of the
marsh is

exposed as dry
land

Negative Effects:
1 Generally the same effects as at <11 ft, since criti-

cal regions of the marsh have already dried out at
higher elevations of the marsh. Overall ecological
effects are more severe per unit of time at this
level, but scientific information in support of this
view is lacking.

2 At low lake stages snail kite nesting and foraging
success are significantly reduced. Historically
(1981) many snail kites abandoned the lake and
disperse to other areas when lake levels approach
10.0 ft or less.

Positive Effects:
3 same as above, under the < 12 ft category
4 during extreme droughts shallow open water areas

of the lake become critical foraging habitat for
South Florida wading bird populations

1 see corresponding information above, under the
<12 ft. category

2 Bennetts et al. 1994

4 David, (11); Zaffke (13)
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Figure F-1. Lake Okeechobee Bathymmetry
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Figure F-2. Everglades Indicator Regions.
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