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APPENDIX C 
LAKE BELT GROUNDWATER FLOW MODELING 

C.1 INTRODUCTION 

This appendix presents the groundwater modeling effort conducted to support analyses presented in the 
Supplemental Environmental Impact Statement on Rock Mining in the Lake Belt Region of Miami-Dade 
County, Florida (Lake Belt SEIS) for the continuation of limestone mining in the Lake Belt area.  Multiple 
scenarios (base condition and alternatives) related to varying degrees of proposed mining in the region 
were considered and their impacts/benefits on the region were studied.  This appendix presents the 
modeling approach, including a brief history of the groundwater model utilized in the analysis. The tables 
referenced in this appendix are included in the text.  However, due to the size of the figures, they have 
been included in a separate attachment to this appendix, Attachment A, Appendix C Figures. 

C.2 HISTORY 

The North Miami-Dade County Groundwater Flow Model is the third in a series of groundwater flow 
models developed for the County (SFWMD 2000).  The first, Version 1.0 (Wilsnack 1995), was developed 
to support the Lower East Coast Regional Water Supply Plan.  The second, Version 2.0 (Wilsnack, Nair, 
and Obeysekera 1997; Wilsnack and Nair 1998), was developed to support the Miami-Dade County Lake 
Belt Implementation Plan (Northwest Dade County Freshwater Lake Plan Implementation 
Committee 1997).  The third, Version 3.0 (the current version), was developed to support the 
Comprehensive Everglades Restoration Plan (CERP) and the Lower East Coast Regional Water Supply 
Plan.  This version includes capabilities to simulate certain key surface water processes, and is being 
used to evaluate the different alternatives under consideration in the Lake Belt SEIS.  Version 3.0 of the 
North Miami-Dade County Groundwater Flow Model is referred to as the Lake Belt Groundwater Flow 
Model in this SEIS.  Version 3.0 includes a wetland package used to simulate overland flow within the 
wetland systems and interaction between the surface water and groundwater.  In addition, a lake package 
is incorporated to simulate the presence of the quarry lakes. 

The Final Programmatic Environmental Impact Statement, Rock Mining – Freshwater Lakebelt Plan, 
Miami-Dade County, Florida (Final Lakebelt PEIS) (USACE 2000) used the modular three-dimensional 
finite-difference groundwater flow model (MODFLOW), as does this SEIS, to assist in predictive modeling 
of mining impacts on groundwater flow and to evaluate mitigation measures as needed in support of the 
proposed alternatives.  

Several modeling components were reported in Appendix A of the Final Lakebelt PEIS (USACE 2000); 
the first effort was a regional modeling study completed by the South Florida Water Management District 
(SFWMD) to aid in evaluating regional impacts/benefits that would result from implementation of 
nonstructural alternatives (i.e., alternatives addressing the increasing extent of mining).  The scale of the 
model cells was 2 miles by 2 miles.  

Part 2 of Appendix A of the Final Lakebelt PEIS (USACE 2000) provided the second modeling effort, a 
subregional approach specific to the Lake Belt area.  The resolution of the subregional model was 
1,000 feet by 1,000 feet, with the surficial aquifer system (SAS) discretized into seven layers down to an 
elevation of -160 feet National Geodetic Vertical Datum (NGVD) of 1929.  The model incorporated the 
effects of ponded surface water in Water Conservation Area (WCA)-3B and Everglades National Park 
(ENP) by treating these groundwater-surface water interactions as head-dependent flux boundaries.  The 
MODFLOW general head boundary package was used to incorporate these boundaries in the model.  
Quarry lakes were represented in the model as zones in the aquifer system with high hydraulic 
conductivity (100,000 feet per day) and high specific yield (1.00).  Storage coefficients for these lakes 
were based on the compressibility of water.  Each lake bottom was assumed to be covered with a fine 
sediment bed with a thickness of 3 feet and a hydraulic conductivity of 0.1 feet per day.  

A third, more focused, modeling effort was completed for the Final Lakebelt PEIS (USACE 2000).  Six 
scenarios were modeled: three depicting permitted (at that time) areas to be mined and three using a 
future mining configuration as proposed by the miners.  Each configuration was evaluated under historical 
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wet and dry annual hydrologic conditions.  This evaluation was completed by the SFWMD and is included 
in Appendix A of the Final Lakebelt PEIS.  

The fourth modeling effort focused on assessing the impact of mining south of Tamiami Trail between 
Krome Avenue and the L-31N Canal.  Specifically, the model was used to predict the impact on 
groundwater seepage from the west as a result of increasing the size of existing quarries in this area.  
The study area for this model was 8.5 square miles along the L-31N Canal.  

A CH2M HILL technical report (CH2M HILL 2005), Miami-Dade County Department of Environmental 
Resources Management (DERM) indicated a MODFLOW model of the Northwest Wellfield (NWWF) area 
that incorporates the concept of the preferential flow zones was being developed. The flow zones were 
those identified by the U.S. Geological Survey (USGS) in its studies of Lake Belt area geology (CH2M 
HILL 2005).  The report also states that USGS was developing a conduit flow process (CFP) module for 
MODFLOW 2000 to simulate non-Darcian (turbulent) groundwater flow, such as within a preferential flow 
zone interval.   

A more recent USGS publication titled “Documention of a Conduit Flow Process (CFP) for 
MODFLOW 2005” (Shoemaker et al 2008) provides the theoretical principles for CFP and how these 
principles were converted into subrountines for MODFLOW.  The CFP module is designed to simulate 
karst aquifers by (1) coupling the traditional groundwater flow equation with formulations for a discrete 
network of cylindrical pipes (CFPM1), (2) inserting a high-conductivity layer that can switch from laminar 
to turbulent flow (CFPM2), or (3) simultaneously coupling a discrete-pipe network while inserting a high-
conductivity layer that can switch from laminar to turbulent flow (CFPM3).  Pipes may represent 
dissolution or burrowing features and fractures that are fully or partially saturated under laminar or 
turbulent flow conditions.  Conduit flow layers may represent either (1) a single, secondary-porosity 
subsurface feature, such as a well-defined laterally extensive underground cave; or (2) a horizontal 
preferential flow layer consisting of many interconnected tubes, such as the burrowed limestone with 
interconnected vugs of greater than 10 millimeters in diameter of the Biscayne Aquifer.  A recent 
presentation by the program authors (Shoemaker and Kunianksy 2008) indicates a flow model for the 
area surrounding the NWWF has been constructed and is undergoing further refinement for key input 
parameters, such as hydraulic conductivity. 

Several limitations prevent the use of CFP modeling for this SEIS: 

• A CFP model requires extensive knowledge of an aquifer hydraulic properties and boundaries, 
and the lack of such information can lead to high levels of uncertainty in model results.  The 
current USGS CFP model incorporates the extensive subsurface investigation work specific to 
the central area of the Lake Belt (Cunningham et al. 2004).  However, this area is a small subset 
of the area covered by the Lake Belt Groundwater Flow Model and such detailed information for 
the entire Lake Belt model domain is not available. The USGS study area is approximately 
83,000 acres whereas the Lake Belt model domain is approximately 685,000 acres. 

• To move forward and construct a model without such information is a severe limitation.  As stated 
in the USGS’s 2008 presentation, “the CFP theory is sound but applications on systems (e.g., 
flow systems [aquifers]) with uncertainty may produce unreliable predictions” (Shoemaker and 
Kuniansky 2008). 

• The CFP module is a relatively new code and has not been within the public domain sufficient 
time to allow for rigorous use and scrutiny by the modeling community. As stated in the Preface to 
the USGS report, "The USGS has tested the accuracy of the CFP by designing and running 
many test problems.  Despite our best efforts, errors may still exist" (Shoemaker et al. 2008).   

Lake Belt Groundwater Flow Model.  As mentioned above, the MODFLOW program was used to 
develop the three-dimensional North Miami-Dade County Groundwater Flow Model for the Lake Belt 
area.  The MODFLOW code was developed by the USGS (McDonald and Harbaugh 1988) and is based 
on three-dimensional finite-difference solution of the groundwater flow equation.  The MODFLOW code is 
a widely used, publicly available flow simulator and has been used extensively in the South Florida 
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region.  The program code is well documented and is readily adaptable to a variety of groundwater flow 
systems. 

The North Miami-Dade County Groundwater Flow Model, developed by the SFWMD as part of the Lower 
East Coast Regional Water Supply Plan (SFWMD 2000, 2003), is usable for the Lake Belt area and thus 
was chosen (with slight modifications specific to the area) to support this SEIS; hereafter, this model is 
referred to as the “Lake Belt Groundwater Flow Model.”  

The Lake Belt Groundwater Flow Model uses various components of the available MODFLOW packages 
and features.  A brief discussion of the core features is provided below and listed in Table C–1.  This 
table is reproduced from the SFWMD report (SFWMD 2003) that describes the Lower East Coast 
Subregional Model. 

Domain.  The Lake Belt Groundwater Flow Model covers an area of 164,000 feet by 182,000 feet, or 
approximately 1,071 square miles (see Figure C–1).  The depth of the model is such that only the SAS is 
included in the model area (SFWMD 2003).  This depth limitation makes the model applicable to assess 
quarrying activities that also penetrate only this aquifer.  Horizontally, the model domain is divided 
(discretized) using a finite-difference grid consisting of 328 rows, 364 columns, and 500-foot square cells.  
Vertically, the modeled domain is divided into seven layers as follows:  

• A wetland layer extending from the wetland water surface down to an elevation of 0 feet NGVD 
(layer 1) 

• A water table aquifer layer extending from either the bottom of the wetland layer or land surface 
to an elevation of -10 feet NGVD (layer 2)  

• Three middle layers with a constant thickness of 20 feet (layers 3, 4, and 5) 

• A layer with a constant thickness of 30 feet (layer 6) 

• A last (bottom-most) layer with a constant thickness of 60 feet (layer 7) 

The Lake Belt Groundwater Flow Model outer boundaries consist of the following: 

• A coastal boundary (located east of the protective levees) 

• A northern boundary located along the C-11 Canal 

• A southern boundary containing portions of the C-1W, C-1N, C-100, and C-100A Canals 

• A western boundary within Water Conservation Area 3A extending to the western intersection of 
Canals L-67A and L-67C with the Tamiami Canal 

General head boundary conditions were used for the model’s outer boundaries.  Along the coastal 
boundary, corrections to the conductance and computed head values were applied to account for the 
higher densities of seawater.  Along the northern and southern boundaries, stages were based on water 
levels in canals, while the conductance terms were computed in each model layer using the hydraulic 
conductivity (K) values and dimensions of the boundary cells.  The western boundary traverses portions 
of WCA-3A, the L-67A Borrow Canal, the L-67 Extension Borrow Canal, and ENP.  Conductance values 
for these sections of the model boundary were based on the same information used to compute 
conductance values along the northern and southern boundaries.  Boundary stages applied west of the 
levee system were the closest available measured stages.  
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Table C–1.  MODFLOW Packages Used in the Lower East Coast Subregional Modelsa 
Package Description Notes 

Core 
Basic and Output 
Control 

Defines stress periods, time steps, starting heads, grid 
specifications, units, and output specifications. 

Handles the primary administrative tasks 
associated with a simulation. 

Block-Centered Flow Specifies steady state versus transient flag, cell sizes, 
anisotropy, layer types, and hydrogeologic data for each 
layer. 

Derived primarily from geologic data used to 
construct the model. 

Surface Water Stresses and Processes 
Recharge Simulates aerially distributed recharge to a water table 

during each stress period. 
Preprocessed using an AFSIRS-based 
Evapotranspiration-Recharge model. 

Evapotranspiration  Simulates removal of water from the water table via 
transpiration and direct evaporation. 

Preprocessed using an AFSIRS-based 
Evapotranspiration-Recharge model; 
evapotranspiration rate diminishes with 
increasing water table depth. 

River Simulates groundwater interchanges with canals that can 
either recharge or drain the aquifer. 

Canal stages are usually based on measured 
stages, control elevations, or stages extracted 
from SFWMM output. 

Drain Essentially the same as the River package except that 
canals can only drain the aquifer and water removed by 
the drains is removed permanently from the model. 

Canal stages are usually based on measured 
stages, control elevations, or stages extracted 
from SFWMM output.  

Canal Essentially the same as the River package except it adds 
the capabilities to limit the drainage rate to a specific rate 
and the recharge rates to a different rate, as well as 
allowing separate control levels for recharge and 
drainage. 

When applied in combination with the 
Wetlands package, the controlled discharge is 
the combined total of surface water runoff and 
groundwater seepage. When applied without 
the Wetlands package, the controlled 
discharge is solely groundwater seepage.  

Redirected Flow Essentially the same as the Drain package except that it 
allows water to be redirected to another location in the 
model instead of being permanently removed from the 
model.  

 

Lake Simulates interaction between mining lakes (quarries) or 
reservoirs and the groundwater system. 

Computes lake stages and performs an 
accounting of inflows/outflows; module was 
enhanced by SFWMD. 

Operations Simulates the surface water transfer of water based on 
the availability of water. 

 

Wetland Simulates the overland flow in wetlands using the 
uppermost model layer.  

Enhanced to also simulate either specified or 
system-dependent water diversions within 
wetlands.  

General Head 
Boundary 

Simulates groundwater exchange between selected cells 
and a specified boundary as a function of water level 
difference.  

Boundary stages are usually based on 
measured stages or stages computed by the 
SFWMM. 

Water Supply and Management 
Well Simulates withdrawals from wells. Includes public water supply, irrigation, and 

aquifer storage and recovery wells; enhanced 
by SFWMD to read multiple input files. 

Pumpage Reduction Simulates wellfield withdrawal cutbacks as a function of 
water level in trigger wells and in Lake Okeechobee; 
simulates Lower East Coast water shortage policy 
associated with saltwater intrusion. 

Cutback zones are based on SFWMM, 
refined to include more details; SFWMM 
simulates the timing of Lake Okeechobee 
cutbacks. 

Reinjection Drainflow Simulates the back pumping of seepage into 
impoundments by returning seepage collected in 
perimeter canals back to the impoundments. 

At the present, this module cannot be applied 
to impoundments that are relatively small or 
narrow. 

Solution Algorithms 
Strongly Implicit 
Procedure  

A mathematical solution algorithm internal to the model. Usually used. 

Preconditioned 
Conjugate Gradient  

A mathematical solution algorithm internal to the model; 
more computationally rigorous than Strongly Implicit 
Procedure. 

Used only occasionally when model 
experiences convergence problems.  

a Subregional Groundwater Models for the Lower East Coast Regional Water Supply Plan. 
Note: This regional model covers the entire Lower East Coast Planning Area with 2- by 2-mile grids and simulates the system-wide 
hydrologic implications of a selected alternative. 
Key: AFSIRS=Agricultural Field-Scale Irrigation Requirements Simulation; MODFLOW=modular three-dimensional finite-difference 
groundwater flow model; SFWMD=South Florida Water Management District; SFWMM=South Florida Water Management Model  
Source: SFWMD 2003. 
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Figures C–2 and C–3 show the active/inactive domain in the model.  Groundwater flow is simulated 
through the active domain. Figure C–2 shows the active domain for the bottom-most layer (layer 7) of the 
model.  Some of the key canals and the Lake Belt area are shown in this figure.  The intermediate active 
domain (layers 2 to 6) is similar to that for the bottom-most layer.  Figure C–3 shows the active domain for 
the topmost layer (layer 1) of the model.  The active area in this layer indicates the wetland area 
contained within the model domain. The inactive area in this layer indicates absence of wetlands 
(i.e., Layer 1 thickness is zero), and Layer 2 becomes the top layer in this area. 

Discretization.  Only the SAS was included in the model (SFWMD 2003).  Horizontally, the domain is 
discretized using 328 rows and 364 columns (see Figure C–4).  Each cell in the grid is a 500-foot square.  
Vertically, the domain is discretized downward using seven layers (see Figure C–5).  A wetland layer 
(layer 1) extends from the wetland water surface down to an elevation of 0 feet NGVD.  The next (top 
aquifer) layer extends from the bottom of wetland or land surface to an elevation of -10 feet NGVD.  The 
next three layers have a constant thickness of 20 feet each.  The following layer has a constant thickness 
of 30 feet. The last layer (layer 7) has a constant thickness of 60 feet. There were no changes to the 
model discretization from the draft to final version of the SEIS. 

Canals.  In the Lake Belt Groundwater Flow Model, the canals have been classified as either rivers or 
drains, depending on their characteristics (i.e., operational and physical properties).  Canal stages were 
assigned by the SFWMD to the various canal reaches using measured water levels at stage monitoring 
stations to estimate hydraulic grade line elevations within each canal reach.  In the absence of field data, 
canal stage time series for all canal reaches were extracted from canal stages computed by the South 
Florida Water Management Model (SFWMM).  Primary canals included within the model boundaries are 
C-1W, C-1N, C-2, C-3, C-4, C-5, C-6, C-7, C-8, C-9, C-10, C-11, the C-100 Canals, C-123, C-304, L-29, 
L-30, L-31N, L-33, L-67A, and L-67Ext (see Figure C–6).  Numerous secondary canals owned and 
operated by DERM also were included within the model domain (i.e., the canal system that recharges the 
NWWF).  Water levels in all of these canals are controlled and maintained by a network of SFWMD and 
DERM water control structures.  

Wetlands.  The wetland package (Restrepo, Montoya, and Obeysekera 1998) was used to simulate 
overland flow in the wetland areas (e.g., Pennsuco Wetlands, WCA-3A, and WCA-3B) located within the 
model boundaries.  The wetland layer in the model is defined as the top layer where the physical laws of 
overland flow are applicable and interactions between the wetland layer and the uppermost aquifer layer 
can be represented.  Major wetland systems within the active model area include WCA-3A, WCA-3B, the 
northeast corner of ENP, the Pennsuco Wetlands, and the Bird Drive Basin.  Surface water elevations 
within these wetlands are influenced by groundwater, structure discharges, rainfall, evapotranspiration, 
evaporation, and topography.  There were no changes to the model wetland area from the draft to final 
version of the SEIS. 

Pumpage.  The types of groundwater withdrawals in the Lake Belt Groundwater Flow Model accounted 
for by the SFWMD include withdrawals by public water supply, such as the NWWF, irrigation, aquifer 
storage and recovery, and seepage return.  Withdrawals from public water supply and irrigation wells in 
the subregional model simulations were based on current or future permitted allocations.  Aquifer storage 
and recovery withdrawals and injection were based on local-trigger water levels, as well as a daily 
accounting of available water determined by the SFWMM simulation of the given scenario.  Pumpage 
from seepage return wells was based solely on the design flow rates for the wells, and the pumpage was 
usually returned to the wetland layer at a designated location. 

Several wellfields are included in the Lake Belt Groundwater Flow Model, including the NWWF and the 
West Wellfield.  Most of the groundwater withdrawal is for either golf course irrigation or domestic 
supplies.  Daily pumpage from major wellfields was estimated over the 1993–1994 period of record based 
on wellfield operation records maintained by the Miami-Dade Water and Sewer Department.  This 
information was used to develop an average daily pumpage for each well.  The wells included in the 
model are shown in Figure C–7. 

Quarries or Lakes.  The main purpose of using the Lake Belt Groundwater Flow Model in the SEIS 
analysis is to evaluate the effect of present and future quarries (lakes) on the groundwater flow system, 
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specifically seepage changes.  To account for the interactions between lakes and the groundwater flow 
system, the MODFLOW lake package (Wilsnack and Nair 1998) was developed.  The lake package treats 
lakes as either sources (i.e., able to release water) or sinks (i.e., able to accept groundwater) with respect 
to groundwater flow and allows stages (water levels) within the lakes to fluctuate with time.  Therefore, 
lake water levels, along with groundwater levels, can be simulated. 

The lakes can be generally characterized as having very steep (nearly vertical) sidewalls that are in direct 
contact with the aquifer.  Input datasets to the MODFLOW lake package were constructed so as to reflect 
this conceptualization of the quarries.  Lake bottom depths reflect actual quarry depths within the 
resolution limits of the model.  Numerous limestone mining quarries or lakes are located in the Lake Belt 
area (SFWMD 2003).  These quarries typically range from about 30 to 80 feet deep. 

Outer Boundary.  The general head boundary package is applied along the model boundary 
(SFWMD 2003).  Over time, water levels are used to simulate fluxes through the general head boundary 
cells.  Generally, the eastern face of the boundary includes the Atlantic coast.  Water levels along this 
face are computed with measured data from the nearest tidal station.  A correlation is made to the 
computed head to account for the density difference between salt water and freshwater.  Water levels for 
the other faces of the boundary are estimated from the SFWMM. 

Recharge and Evapotranspiration.  Water additions to the groundwater system (i.e., recharge) and 
natural water loss from evaporation and plant uptake (i.e., evapotranspiration) were accounted for in the 
model.  The evapotranspiration-recharge package model (Restrepo and Giddings 1994), an extension of 
the Agricultural Field-Scale Irrigation Requirements Simulation (AFSIRS) program (Wilsnack et al. 2000), 
was used for developing recharge and evapotranspiration time series data.  Meteorological data 
necessary for this analysis were obtained during program construction by the SFWMD from selected 
stations in the Lake Belt area (see Section 3.8 of this SEIS).  There were no changes to the model 
recharge and evapotranspiration values from the draft to final version of the SEIS. 

Hydrogeologic Parameters.  Hydrogeologic properties used for the three geologic units (layers 1 and 2 
and 3 through 7) are presented in Table C–2.  In general, the properties of these layers were based on the 
properties of the units.  The Lake Belt Groundwater Flow Model consolidated hydrogeologic data from 
numerous investigations conducted by the USGS, SFWMD, U.S. Army Corp of Engineers (USACE), DERM, 
and Florida Department of Environmental Protection (FDEP).  The K values used in the Lake Belt 
Groundwater Flow Model are discussed in the Lower East Coast Regional Water Supply Plan 
(SFWMD 2000).  A number of geologic control wells were used to develop point estimates of K values 
within each model layer.  These point values were used to estimate horizontal K values within each layer 
over the model domain. 

Table C–2.  Hydrogeologic Properties Used in the Lake Belt Groundwater Flow Model 
Hydraulic Conductivity 

(Along Row) (x-axis) 
Model 
Layer  

Bottom 
Elevation  

(feet 
NGVD) 

Thickness 
(feet) 

Minimum
(feet/day) 

Maximum 
(feet/day) 

Primary 
Storage 

Secondary 
Storage 

 
Type 

 

1 0–16 Variable 1,000 1,000 - 1 
Unconfined  

(Transmissivity varies) 

2 -10 10–26 14 25,000 1.0×10-5 0.15–0.75 
Confined/Unconfined 

(Transmissivity varies) 
3 -30 20 51 25,000 2.0×10-5 - Confined 
4 -50 20 81 25,000 2.0×10-5 - Confined 
5 -70 20 7 25,000 2.0×10-5 - Confined 
6 -100 30 8 25,000 2.0×10-5 - Confined 
7 -160 60 17 12,600 2.0×10-5 - Confined 

Key: NGVD=National Geodetic Vertical Datum. 

Initial Condition.  Water level values for all cells in the Lake Belt Groundwater Flow Model are initialized 
at the beginning of a simulation to represent baseline conditions.  The initial conditions were based on 
results obtained from the corresponding SFWMM simulation for January 1, 1988 (i.e., beginning of the 
period of record).  Using these data, a water level was assigned to all Lake Belt Groundwater Flow Model 
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cells corresponding to the larger regional SFWMM cells.  First, the initial water level surface obtained from 
the SFWMM was smoothed using the FOCALMEAN function of the software package ARC/INFO, then 
these initial head values were assigned to all the cells in the Lake Belt Groundwater Flow Model. 

C.3 MODEL CALIBRATION 

Calibration is the process of adjusting hydrogeologic parameters and boundary conditions of a model to 
match simulated and observed hydrogeologic conditions within a reasonable limit.  In general, this 
method involves an iterative procedure of adjusting hydraulic properties and/or boundary conditions of the 
model. Two 18-month periods of record were selected for history matching 
(SFWMD 2000): (1) January 1, 1988, through June 30, 1989 (for dry hydrologic conditions) and 
(2) July 4, 1993, through December 31, 1994 (for wet hydrologic conditions).  The model calibration was 
performed by comparing measured water levels at monitoring sites to computed water levels and 
adjusting model parameters as appropriate to reduce errors to an acceptable level for these two periods. 

Figures C–8a through C–8f show the K values for all the model layers (2 through 7).  The development of 
the hydraulic conductivity values is discussed in the “L-31N Seepage Management Pilot Project Final 
Study Utilizing the North Miami Dade Subregional Ground Water Model” (SFWMD 2003).  For numerical 
stability purposes, these values were capped at 25,000 feet per day.  Given the level of uncertainty in 
estimating these values, an anisotropic ratio of 1:1 was assumed.  A similar procedure was used to 
estimate vertical conductance values between the midpoints of each layer. 

Specific yield values for the SAS were limited (SFWMD 2000).  Most of the values available were close 
to 0.2.  Therefore, a constant value of 0.2 was used throughout the model domain except at the locations 
of the quarries or lakes, as determined by the SFWMD.  To account for the increase in storage volume, a 
maximum value of 1.0 was used at these locations.  A specific storage value of 10-6 per foot was used 
throughout the model domain.  The specific yield value was derived from physical properties of water and 
limestone (SFWMD 2000). 

The match between observed and computed groundwater levels was determined using the residuals 
(i.e., deviations between observed and computed groundwater levels), mean error or bias, and residual 
standard deviation for each station.  The residuals for the first 2 months of each period of record were 
excluded from the statistics to minimize any effect of initial conditions.   

C.4 HYDRAULIC CONDUCTIVITY ANALYSIS 

Hydraulic conductivity and effective porosity are sensitive input parameters in the Lake Belt Groundwater 
Flow Model.  A review of the model was completed to assess the representativeness of the hydraulic 
conductivity distribution and to assess the values input for effective porosity.  A discussion of each of 
these parameters using available literature and recent field tests in the Lake Belt is provided in the 
following sections.  

C.4.1 Hydraulic Conductivity Evaluation 

During construction of the initial model, the assignment of K values (per model layer) was based on 
evaluations of data for wells falling within and proximal to the model boundaries.  As stated in Wilsnack et 
al. (2002), geologic control wells were used to develop point estimates of hydraulic conductivity within 
each MODFLOW layer.  At each of these wells, a hydraulic conductivity range was assigned to each 
distinct lithologic interval.  The actual K value assigned to each lithologic unit was the logarithmic mean of 
the minimum and maximum values for the range.  In cases where data from pumping tests were 
available, these were used instead of the estimated K values to those lithologic units within the tested 
interval.  

A review of the Lake Belt Groundwater Flow Model was completed to assess the representativeness of 
the hydraulic conductivity distribution and ranges to the hydrogeologic characterization data, as provided 
by the most current USGS investigation of Lake Belt area geology (Cunningham et al. 2006).  The 
model’s values for hydraulic conductivity were based on the best information available at the time.  
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However, with recently gained information it is worthwhile to evaluate if significant differences are present 
between the model’s representation of this critical parameter and interpretations of in-field data. 

The sections that follow provide an overview of the USGS interpretations relative to porosity and 
permeability distribution from examined rock cores, a brief overview of the North Miami-Dade distribution 
of hydraulic conductivity (per layer), and a qualitative comparison of hydraulic conductivity distribution 
using these interpretations.  As discussed below, a direct comparison of the USGS conceptual 
hydrogeologic model layers to Lake Belt Groundwater Flow Model layers is not possible, as layer depths 
in the former model are variable and discontinuous in contrast to the latter model, which has layers that 
are fixed in depth and thickness.  

C.4.1.1 Overview of USGS Interpretations from Core Examinations 

In 2002, the USGS, in cooperation with the SFWMD, initiated a study to define and map the spatial 
variations in the hydrogeology of the Biscayne Aquifer in the context of a cyclostratigraphic framework in 
a study area centered on the Lake Belt area.  The cyclostratigraphy of a geologic sequence is an 
evaluation of changes in rock type (facies) or layers (i.e., stratigraphic sequence) to cycles of sea level 
change over time.  The purpose is to align like facies across the horizontal and vertical extent of a study 
area to allow correlation of depositional settings and, in this USGS study, different pore types (classes) 
within the rock facies.  The USGS study used data from a previous study in the Lake Belt area and 
expanded the study southward by approximately 6 square miles.  The USGS study area is roughly 
defined by the area 

• east of the L-31N and L-30 Canals, 

• south of the C-9 Canal, 

• west of the Florida Turnpike, and 

• north of the C-1W Canal. 

For the study, an analysis was conducted of core samples obtained from 25 wells that fully penetrated the 
Biscayne Aquifer with other partially penetrating wells used in support of interpretations.  The study 
resulted in the delineation of vertical lithofacies successions, correlations of depositional environments, 
descriptions and classifications of rock pore classes, and creation of a three-dimensional conceptual 
hydrogeologic model.  A primary observation of the study is that a predictable vertical pattern of porosity 
and permeability commonly exists within the three identified high frequency cycles because the porosity 
and permeability relate directly to lithofacies.  Sixteen major lithofacies of the Fort Thompson Formation 
and Miami Limestone were assigned to one of three pore classes (Cunningham et al. 2006).  

Of primary value to this comparison is the delineation of the pore classes within the rock layers and 
assignment of flow properties (descriptive only) to those classes.  The spatial distribution of the pore 
classes is presented in the USGS report in a series of layer maps depicting pore class altitude and 
thickness (Cunningham et al. 2006).  The report also provides several north-to-south and east-to-west 
trending cross-section profiles that are useful in depicting the vertical and horizontal distribution of facies.  
The primary north-to-south line of section that traverses the Lake Belt area, designated as “Line B-B’,” is 
used in this evaluation. 

The pore classes, as described in the 2006 report, are as follows: 

Pore class I commonly comprises the lower part of many upward-shallowing cycles of the 
Fort Thompson Formation and the upper aggradational subtidal cycle of the Miami 
Limestone where porosity and permeability are highest.  Touching vugs are the most 
common type of interconnected (effective) porosity in this class.  Cunningham et al. (2004) 
described pore class I as having the highest porosity and permeability of the three pore 
classes (horizontal conduit groundwater flow).  For this comparison, this interval was 
considered as having a high hydraulic conductivity. 
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Pore class II is associated both with those parts of the aquifer that are Miami Limestone and 
Fort Thompson Formation carbonates and the principally quartz sand or quartz sandstone 
(mixed siliciclastics) of the upper Tamiami Formation.  In the carbonate facies, interparticle, 
intraparticle, very small moldic porosity, and irregular separate-vug pore spaces are 
characteristic.  Mixed siliciclastics lack moldic or vuggy porosity and are indicated by diffuse 
groundwater flow.  Pore class II commonly comprises the middle part of upward-shallowing 
cycles of the Fort Thompson Formation.  For this comparison, this interval was assigned an 
intermediate hydraulic conductivity. 

Pore class III primarily comprises microcrystalline limestone lithofacies, which commonly 
have a low matrix porosity and permeability.  They also tend to retard groundwater 
movement.  However, the lithofacies can contain bedding plane vugs that have sheet-like 
geometry and can represent major conduits that are highly permeable over short distances.  
Pore class III is defined as low permeability groundwater flow that is vertically leaky.  For 
this comparison, this interval was considered as having a low hydraulic conductivity. 

The hydrogeologic framework of the Biscayne Aquifer was interpreted to be a complex arrangement of 
the three types of pore classes occurring within a cyclostratigraphic framework.  For the study area, an 
eight-layer, three-dimensional representation was constructed with the upper layer being peat, muck, 
marl, and/or fill and the underlying seven layers delineated by pore classes I, II, and III.  The Biscayne 
Aquifer is conceptualized as three subaquifers of relatively high permeability (layers 2, 5, and 8).  These 
aquifers are interlayered with two layers of relatively intermediate permeability (layers 4 and 7) and two 
layers of relatively low permeability (layers 3 and 6).  The two uppermost, relatively high-permeability 
layers (2 and 5) have good physical connection in and around the study area. The two relatively 
intermediate permeability layers (4 and 7), representing pore class II, are conceptualized as containing 
mostly diffuse-carbonate groundwater flow.  Both layers are hypothesized to contain much of the 
groundwater storage in the Biscayne Aquifer and are less important in terms of regional groundwater 
flow.  Layers 3 and 6, representing pore class III, are conceptualized as relatively low-permeability layers.  
Both layers are considered to leak vertically and inhibit horizontal movement of groundwater.  They have 
only a minor role, if any, in the horizontal movement of groundwater, except in areas where bedding plane 
vugs are present. 

To facilitate a comparison, Line B-B’ was used to represent Biscayne Aquifer rock properties.  This line 
connects 10 cored borings positioned in the middle of the Lake Belt area that penetrate the Biscayne 
Aquifer.  Altitude and thickness values for each USGS layer are provided in Figures 17 to 31 of the USGS 
report (Cunningham et al. 2006) and were used to calculate average values along Line B-B', as presented 
in Table C–3.  This table also provides key characteristics of the pore classes and layers of the USGS 
conceptual hydrogeologic model.  USGS conceptual hydrogeologic layers in this table do not correspond 
to Lake Belt Groundwater Flow Model layers. 
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Table C–3.  Summary of USGS Conceptual Hydrogeologic Model Layers and Pore Classes 

USGS 
Layer 

Pore 
Class Lithofacies 

Major Pore 
Type 

Thickness 
Range 
Across 

Study Area 
(feet) 

Average 
Altitude 

Along North-
South Cross- 
Section B-B' 
(feet NGVD) 

Average 
Thickness 

Along North-
South Cross- 
Section B-B' 

(feet) 
Relative 

Permeability 

Major 
Groundwater 

Flow Type Notes 

1 – Peat, muck, marl, and/or 
fill material 

– – – – – – – 

2 I 

Touching-vug pelecypod 
floatstone-rudstone, 
peloid packstone-
grainstone, laminated 
peloid packstone-
grainstone, autobreccia, 
coral framework, and 
vuggy wackestone and 
packstone 

Touching 
vugs and 
conduit 

1.2–15.1 4.0 6.0 High Conduit flow 

Thin in 
northwest, 
thick in 
southeast; 
dips south in 
north side of 
the NWWF 
and dips north 
on south side 
of the NWWF 

3 III 

Mudstone-wackestone, 
Planorbella floatstone-
rudstone, peloid 
wackestone-packstone, 
conglomerate, pedogenic 
limestone, and gastropod 
floatstone-rudstone 

Separate 
vugs, 
including 
moldic 
porosity or 
thin vertical 
solution 
pipes or 
both 

2–4 -2.1 3.7 Low Leaky 

Spans base 
of Miami LS 
and upper 
Fort 
Thompson 
FM; dips east-
southeast 
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Table C–3.  Summary of USGS Conceptual Hydrogeologic Model Layers and Pore Classes (continued) 

USGS 
Layer 

Pore 
Class Lithofacies 

Major Pore 
Type 

Thickness 
Range 
Across 

Study Area 
(feet) 

Average 
Altitude 

Along North-
South Cross- 
Section B-B' 
(feet NGVD) 

Average 
Thickness 

Along North-
South Cross- 
Section B-B' 

(feet) 
Relative 

Permeability 

Major 
Groundwater 

Flow Type Notes 

4 II 

Skeletal packstone-
grainstone, 
pelecypod 
floatstone-rudstone, 
quartz sandstone, 
skeletal quartz 
sandstone, and 
quartz sand 

Matrix 
porosity, 
including 
interparticle 
and 
separate 
vugs 

0–15.4 -6.8 4.6 Intermediate 
Diffuse-
carbonate 
flow 

Thin in north and 
northwest, thick in 
northwest and 
southeast;  
Contains majority of 
storage – less 
important to 
regional 
groundwater flow; 
slight broad dip 
southeast 

5 I 

Touching-vug 
pelecypod 
floatstone-rudstone, 
peloid packstone-
grainstone, 
laminated peloid 
packstone-
grainstone, 
autobreccia, coral 
framework, and 
vuggy wackestone 
and packstone 

Touching 
vugs and 
conduit 

0–10 -10.6 2.7 High Conduit flow 

Average thickness 
is  
1–3 feet; thick in 
northeast; dips 
south in the north 
and southeast in the 
south 

6 III 

Mudstone-
wackestone, 
Planorbella 
floatstone-rudstone, 
peloid wackestone-
packstone, 
conglomerate, 
pedogenic 
limestone, and 
gastropod 
floatstone-rudstone 

Separate 
vugs, 
including 
moldic 
porosity or 
thin, vertical 
solution 
pipes or 
both 

1–2 -17.0 2.1 Low Leaky 

Thin or absent in 
northeast; dips east-
southeast 
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Table C–3.  Summary of USGS Conceptual Hydrogeologic Model Layers and Pore Classes (continued) 

USGS 
Layer 

Pore 
Class Lithofacies 

Major Pore 
Type 

Thickness 
Range 
Across 

Study Area 
(feet) 

Average 
Altitude 

Along North-
South Cross- 
Section B-B' 
(feet NGVD) 

Average 
Thickness 

Along North-
South Cross- 
Section B-B' 

(feet) 
Relative 

Permeability 

Major 
Groundwater 

Flow Type Notes 

7 II 

Skeletal packstone-
grainstone, 
pelecypod 
floatstone-rudstone, 
quartz sandstone, 
skeletal quartz 
sandstone, and 
quartz sand 

Matrix 
porosity, 
including 
interparticle 
and separate 
vugs 

2.3–30.2 -14.3 16.7 Intermediate 
Diffuse-
carbonate 
flow 

Thickest in 
northeast; dips 
south-southeast; 
Contains 
majority of 
storage – less 
important to 
regional 
groundwater 
flow 

8 I 

Touching-vug 
pelecypod 
floatstone-rudstone, 
peloid packstone-
grainstone, 
laminated peloid 
packstone-
grainstone, 
autobreccia, coral 
framework, and 
vuggy wackestone 
and packstone 

Touching 
vugs and 
conduit 

9–45 -31.1 21.4 High Conduit flow 

Contains 
majority of open-
hole intervals of 
production wells; 
dips east at 
5 feet per mile 

Key: FM=Formation; LS=Limestone; NGVD=National Geodetic Vertical Datum; NWWF=Northwest Wellfield; USGS=U.S. Geological Survey. 
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C.4.1.2 Hydraulic Conductivity Distribution 

As discussed in Section C.3, the aquifer system within the model domain was divided into seven layers.  
This division essentially represents a strict finite-difference-based discretization in the vertical direction as 
opposed to the conventional stratigraphic type of vertical discretization.  Given the high degree of 
uncertainty and variability inherent to SAS hydraulic properties, this layering scheme was considered a 
legitimate alternative (Wilsnack et al. 2000).  The K values assigned to the various lithologic units were 
used to compute a mean horizontal hydraulic conductivity within each layer at each control well (where 
adequate data existed).  The resulting point values of hydraulic conductivity were used to estimate 
horizontal hydraulic conductivity within each layer over the model domain.  Considering the 
heterogeneous nature of the aquifer system, this spatial interpolation technique was regarded a suitable 
choice since it results in interpolated values that are somewhat biased toward the closest measured 
values.  Using map algebra techniques, these raster coverages were modified to account for the 
presence of urban development lakes.  The resulting raster coverage of hydraulic conductivity was 
capped at 25,000 feet per day for numerical stability purposes.  

Given the level of uncertainty associated with assigning K values to the various lithologic units, along with 
the high degree of uncertainty inherent to the magnitude and orientation of secondary porosity within 
each unit, an anisotropic ratio of 1:1 was assumed to exist within each distinct lithologic zone at each 
well. 

Figures C–8a to C–8f indicate the distribution of hydraulic conductivity for the model layers, using color 
bands to represent hydraulic conductivity ranges from 0 to 25,000 feet per day.  For this comparison, the 
following division of hydraulic conductivity ranges was used: 

• 0 to ~7,500 feet per day = low conductivity 

• >7,500 to ~17,500 feet per day = intermediate conductivity 

• >17,500 to 25,000 feet per day = high conductivity 

Also, to facilitate the comparison discussion, the USGS Lake Belt investigation area was divided into 
three subareas: 

• The area south of the Tamiami Trail 

• The central Lake Belt area 

• The area north of the NWWF Recharge Canal 

A general description of the distribution of hydraulic conductivity per layer for these three areas is 
provided in Table C–4. 

C.4.1.3 Qualitative Comparison of Hydraulic Conductivity Distribution 

The outer boundaries of the comparison area are those of the USGS study area, as described in 
Section C.5.1.  As the modeling seepage analysis for this SEIS was focused on seepage from the west to 
the east, the area within these boundaries is of primary interest.  Using the depiction of pore class 
distribution for each boring and the correlations along Line B-B', a judgment was made of the distribution 
Model layers were traced atop the section to allow discrimination per area and layer.  The results of this 
comparison are provided in Table C–5.  It is recognized that this evaluation is judgmental and restricted to 
one line of section.  However, this comparison does allow a qualitative assessment of two differently 
interpreted datasets. 
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Table C–4.  Distribution of Lake Belt Groundwater Flow Model Hydraulic Conductivity per Model Layer 
Lake Belt 

MODFLOW Layer 
Layer Depth 
(feet NGVD) South of Tamiami Trail Central Lake Belt Area 

North of NWWF Recharge 
Canal 

1 Land surface to 0  Low conductivity 
Low conductivity in northern half with 
intermixed intermediate conductivity to high 
conductivity in southern half 

Low conductivity 

2 0 to -10 
Low conductivity with intermixed 
intermediate conductivity 

Low conductivity in northern half with high 
conductivity in southern half 

Low conductivity 

3 -10 to -30  High conductivity High conductivity 
Low conductivity with intermixed 
intermediate conductivity 

4 -30 to -50  Intermediate conductivity High conductivity 
Low conductivity with intermixed 
intermediate conductivity 

5 -50 to -70  
Low conductivity with transition to 
intermediate to the east 

Intermixed low, intermediate, and high 
conductivity 

Low conductivity 

6 -70 to -100  Low conductivity 
Low conductivity with isolated intermediate 
conductivity 

Low conductivity 

7 -100 to -160  Low conductivity Low conductivity Low conductivity 
Key: MODFLOW=modular three-dimensional finite-difference groundwater flow model; NGVD=National Geodetic Vertical Datum; NWWF=Northwest Wellfield. 
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Table C–5.  Qualitative Comparison of Hydraulic Conductivity for Lake Belt Groundwater Flow Model 
Versus Pore Class Distribution 

South of Tamiami 
Trail 

Central Lake 
Belt Area 

North of NWWF 
Recharge Canal 

Hydraulic Conductivity Range MODFLOW 
Layer 

Layer Depth 
(feet NGVD) Pore Class Distribution 

Evaluation of Model Conductivity Versus Pore 
Class Distribution per Lake Belt Area 

Low conductivity 

Low conductivity 
in northern half 
with intermixed 
intermediate to 
high conductivity 
in southern half of 
this subarea 

Low conductivity 

1 
Land surface 

to 0 feet 

Pore class I 

Predominantly 
pore class I with 
thin intervals of 
pore class III 

Predominantly pore 
class I with thin 
intervals of pore 
class III 

South of Tamiami Trail 
Model may use underestimated conductivity 

in this subarea 
 

Central Lake Belt 
Model may use underestimated conductivity 

in northern half and slightly underestimated conductivity 
in southern half of this subarea 

 
North of NWWF Recharge Canal 

Model may use underestimated conductivity 
in this subarea 

 

Low conductivity 
with intermixed 
intermediate 
conductivity 

Low conductivity 
in northern half 
with high 
conductivity in 
southern half 

Low conductivity 

2 
0 feet to  
-10 feet Predominantly pore 

class I with 
subequal portions of 
pore classes II and 
III 

Pore class III 
intermixed with 
pore class II, 
thickening of pore 
class III to the 
south 

Predominantly pore 
classes II and III, 
thin interval of pore 
class I 

South of Tamiami Trail 
Model may use slightly underestimated conductivity in 

this subarea 
 

Central Lake Belt 
Model conductivity representation consistent with pore 

class distribution 
 

North of NWWF Recharge Canal 
Model may use underestimated conductivity in this 

subarea 
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Table C–5.  Qualitative Comparison of Hydraulic Conductivity for Lake Belt Groundwater Flow Model 
Versus Pore Class Distribution (continued) 

South of Tamiami 
Trail 

Central Lake 
Belt Area 

North of NWWF 
Recharge Canal 

Hydraulic Conductivity Range MODFLOW 
Layer 

Layer Depth 
(feet NGVD) Pore Class Distribution 

Evaluation of Model Conductivity  
Versus Pore Class Distribution per Lake Belt Area 

High conductivity High conductivity 

Low conductivity 
with intermixed 
intermediate 
conductivity 

3 
-10 feet to  

-30 feet Predominantly pore 
class II with thinner 
intervals of pore 
classes I and III 

Predominantly 
pore class II with 
intermixed pore 
classes I and III 

Predominantly pore 
class II; thin, 
discontinuous pore 
classes I and III 

South of Tamiami Trail 
Model may use slightly overestimated conductivity 

in this subarea 
 

Central Lake Belt 
Model may use slightly overestimated conductivity 

in this subarea 
 

North of NWWF Recharge Canal 
Model conductivity representation consistent with pore 

class value of intermediate conductivity 

Intermediate 
conductivity 

High conductivity 

Low conductivity 
with intermixed 
intermediate 
conductivity 

4 
-30 feet to  

-50 feet Predominantly pore 
class I (~60%) with 
30% of pore class II 
and 10% of pore 
class III 

Predominantly 
pore class I with 
subequal portion 
of pore class II 

Predominantly pore 
class I with subequal 
portion of pore class 
II 

South of Tamiami Trail 
Model conductivity representation consistent with pore 

class distribution 
 

Central Lake Belt 
Model conductivity representation consistent with pore 

class distribution 
 

North of NWWF Recharge Canal 
Model may use underestimated conductivity 

in this subarea 
Low conductivity 
with transition to 
intermediate to the 
east 

Intermixed low, 
intermediate, and 
high conductivity 

Low conductivity 

5 
-50 feet to  

-70 feet 
Pore class I in 
upper portion of 
interval with pore 
class II mixed 
siliciclastics in lower 
portion 

Pore class II 
mixed 
siliciclastics 

Predominantly pore 
class I with some 
pore class II mixed 
siliciclasticsa 

South of Tamiami Trail 
Model may use underestimated conductivity in this area 

 
Central Lake Belt 

Model conductivity representation consistent with pore 
class distribution 

 
North of NWWF Recharge Canal 

Model may use underestimated conductivity in this area 
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Table C–5.  Qualitative Comparison of Hydraulic Conductivity for Lake Belt Groundwater Flow Model 
Versus Pore Class Distribution (continued) 

South of Tamiami 
Trail 

Central Lake 
Belt Area 

North of NWWF 
Recharge Canal 

Hydraulic Conductivity Range MODFLOW 
Layer 

Layer Depth 
(feet NGVD) Pore Class Distribution 

Evaluation of Model Conductivity  
Versus Pore Class Distribution per Lake Belt Area 

Low conductivity 

Low conductivity 
with isolated 
intermediate 
conductivity 

Low conductivity 

6 
-70 feet to  
-100 feet Wells on line of 

section do not 
penetrate this 
interval 

Wells on line of 
section barely 
penetrate this 
interval 

Predominantly pore 
class II mixed 
siliciclastics 

South of Tamiami Trail 
Comparison not possible due to insufficient well depths 

 
Central Lake Belt 

Comparison not possible due to insufficient well depths 
 

North of NWWF Recharge Canal 
Model may use slightly underestimated conductivity 

in this subarea 

Low conductivity Low conductivity Low conductivity 

7 
-100 feet to 
-160 feet 

Wells on line of 
section do not 
penetrate this 
interval 

Wells on line of 
section do not 
penetrate this 
interval 

Wells on line of 
section do not 
penetrate this 
interval 

South of Tamiami Trail 
Comparison not possible due to insufficient well depths 

 
Central Lake Belt 

Comparison not possible due to insufficient well depths 
 

North of NWWF Recharge Canal 
Comparison not possible due to insufficient well depths 

a  Only one well on the line of section penetrates MODFLOW layer 5 in this area. 
Key: %=percent; MODFLOW=modular three-dimensional finite-difference groundwater flow model; NGVD=National Geodetic Vertical Datum; NWWF=Northwest Wellfield. 
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In summary, this comparison for Line B-B' reveals the following conclusions: 

• Layer 1 is modeled as a low hydraulic conductivity peat and muck interval in the model, yet 
intervals of conductive rock are present with pore class I.  This is not a significant discrepancy as 
this interval is not a significant groundwater flow interval. 

• In the area south of Tamiami Trail, conductivity may be underestimated except in model layer 4. 

• In the central Lake Belt area (north of Tamiami Trail and south of the NWWF Recharge Canal), 
the conductivity range estimation is consistent with pore class distribution. 

• In the area north of the NWWF Recharge Canal, conductivity may be underestimated. 

• Flow model layers 6 and 7 extend beyond the depth of investigation.  These layers are assigned 
a lower conductivity, which may underestimate in situ conductivity if lithologies remain consistent 
with layer 5. 

• Overall, the model may use slightly underestimated hydraulic conductivity ranges, yet this is not 
considered a significant misrepresentation noting the scale of the model cells. 

C.4.2 Evaluation of Effective Porosity 

Effective porosity can be defined as the volume of connected pore space within an aquifer available for 
water movement. A value of 15 percent was assigned by the SFWMD as the porosity value for the Lake 
Belt Groundwater Flow model which falls within the large range of values derived from both rock core 
analyses and use of tracer test results. The following discussion provide a synthesis of porosity values 
determined for the aquifer of the Lake Belt area as sourced from past geologic studies and from Lake Belt 
area groundwater tracer tests. 
 
The variation in depositional and diagenetic history of the karst limestone of the Fort Thompson 
Formation and Miami Limestone has created a heterogeneous flow network resulting in a wide range of 
both pore types and porosity range, as discussed previously.  Table C–6 provides porosity values as 
measured in well and rock cores taken from borings in the Lake Belt area and documented in historic and 
recent geologic studies. As noted by several researchers, porosity values are quite variable, reflecting 
variations in lithofacies, pore type, and connectivity. 
 
The evaluation of “transport porosity” using tracer dye arrival times at receptor locations is the most 
recent investigation of porosity in the Lake Belt area, as discussed in Renken et al (2008). The estimation 
of effective porosity between the points of tracer injection and tracer recovery can be developed by 
applying a mass balance for a radially converging flow regime to the tracer breakthrough data, such that: 
 

n = Qt/πhr2  
  

where:  n = effective porosity (unitless) 
  t = mean time of travel (days) 
  Q = flowrate of pumping well (m3/day) 
  h = aquifer thickness (m) 
  r = radius from pumping well (m) 

{Javendel, Doughty, and Tsang (1984)} 
 
Using the above equation, Renken et al. (2005) presents a determination of effective porosity of the 
Biscayne aquifer in the Lake Belt area based upon the results of a forced gradient test.  In April 2003, the 
conservative tracer rhodamine WT was injected into a well (G-3773) located 100 meters (328 feet) west 
of the NWWF production well S-3164.  An effective porosity of 2 percent was determined for the 
April 2003 tracer test data, using a pumping rate of 11,376,000 gallons per day (43,063 square meters 
per day), an aquifer thickness of 59 feet (18 meters), and a peak tracer pulse breakthrough time of 
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6.5 hours (where time to peak was used as a conservative assessment of mean arrival time). If the 
aquifer thickness is limited to only a 29.5 feet (9 meters) thickness of the stratiform touching-vug pore 
system (pore class I), then the effective porosity is calculated as 4 percent. The conclusion of Renken et 
al. (2005) is that this effective porosity of 2 to 4 percent is an order of magnitude smaller than previously 
assumed in the literature, and that the corresponding mean advective velocity is 1 to 2 orders of 
magnitude greater than previously cited.   

Table C–6.  Porosity Values as Measured in Lake Belt Area Rock Cores and Wells 
Source Porosity Description/range Notes 

Muarrasse 1976a “Rock is extremely porous both 
in its micro- and macrostructure. 
Apparent porosity varies from 14 
to 30 percent.” 

Description of Bryozoan limestone of 
Miami Limestone formation within dense 
limestone interval 

Muarrasse 1976a “This rock has very little or no 
macroporosity and its apparent 
microporosity varies from 4 to 
about 11 percent.” 

Description of solution breccia of Miami 
Limestone formation within dense 
limestone interval 

Sonenshein 2001b Porosity range from 3.5 to 
45 percent 

Data from rock core plugs within the 
Miami Limestone and Fort Thompson 
Formation (7 to 64 feet BGS) as drilled in 
well G3587 located in Lake Belt area 

Cunningham et 
al. 2006c 

Approximate median porosity 
value as taken from Lake Belt 
area whole rock cores: 
Pore class III  = 16 percent 
Pore class II = 22 percent 
Pore class I = 47 to 37 percent 

Pore types related to lithofacies and 
include moldic porosity, matrix porosity, 
interparticulate porosity, conduit porosity, 
and touching vug porosity 

Cunningham, Carlson, 
and Hurleyd 

Rock cycle / vuggy porosity 
range: 
Q5 / 27 to 41 percent 
Q4 / 0.5 to 6 percent 
Q3b / 0.01 to 10 percent 
Q3a / 3 to 28 percent 
Q2 and Q1 / 0.3 to 7 percent 

Vuggy porosity values as measured in 
rock cores from 47 test holes in Lake Belt 
area 

Cunningham 
et al. 2004e 

Well / Core Plug Porosity 
G-3673 / 13 to 37 percent 
G3674 / 12 to 43 percent 
G3675 / 7 to 29 percent 
G3679 / 26 to 47 percent 
G3695 / 23 percent 
G3710 / 35 percent 
G-3718 / 24 percent 
G3732 / 11 percent 
G3732 / 16 percent 

Core plug porosity as measured in 
107 samples from wells drilled in the Lake 
Belt area 

Renken et al. 2008 Porosity derived from 2003 
forced gradient, convergent 
tracer test performed near Lake 
Belt production wells 

Calculated porosity dependent upon 
assumed thickness of flow zone; 
calculated “transport” porosity presented 
as ranging from 4 to 41 percent. 
Calculation constrained as mean (dye) 
arrival time could not be estimated  

a Cited in Krupa, A.J and V.T. Mullen 2005. 
b Appendix II of Sonenshein 2001. 
c Table 3 of Cunningham et al. 2006. 
d Table 1 of Cunningham, Carlson, and Hurley 2003. 
e Appendix II of Cunningham et al. 2004. 



Final Supplemental Environmental Impact Statement on 
Rock Mining in the Lake Belt Region of Miami-Dade County, Florida   

 

 C–20  

In a paper issued since release of the Draft SEIS, Renken et al. (2008) presents a revised estimation of 
“transport porosity” for an interval of the aquifer determined to be the “dominant hydraulic connection 
between the injection and production wells and is also responsible for the migration of the majority of the 
tracer mass.”  This interval is postulated as a 0.9 meters (2.95 feet) thick touching vug flow zone 
occurring approximately between -9.5 meters (31.2 feet) and -10.4 (34.1 feet) below land surface.  A 
transport porosity of 41 percent is calculated for the interval.  Renken (2008) states that if an assumption 
is made that all touching-vug flow zones in the injection well contributed to the tracer migration, the 
revised calculated transport porosity is lowered an order of magnitude to 4 percent.  The mean arrival 
time for the tracer could not be estimated for the April 2003 test as the test was terminated prior to the 
complete recovery of the injected tracer mass.  Renken (2008) indicates a limitation to the validity of 
these porosity estimates is use of the peak tracer concentration time in lieu of the mean arrival time.  

C.5 MODEL MODIFICATION FOR THE CURRENT SEIS STUDY 

The Lake Belt Groundwater Flow model was updated prior to use for the Draft SEIS modeling runs and 
further updated for the runs performed for the Final SEIS. For both the Draft and Final SEIS modeling 
runs, model input files were revised for present and future predicted quarry configurations (i.e., lake 
areas) and potential mitigation plans. In addition, modeling runs were completed to evaluate seepage 
changes related to use of the “rivers” versus “drains” configuration in MODFLOW, changes in permitted 
wellfield pumpage volumes and seepage impacts to CERP. The following sections present the intent and 
results of these evaluations to supplement the information provided in the main text.  

C.5.1 Model Modifications for the Draft SEIS 

Prior to using the model for the Draft SEIS seepage evaluation, several modifications to the Lake Belt 
Groundwater Flow Model were made to update the model to reflect current conditions.  These 
modifications included: 

1. Stage values in the NWWF Recharge Canal were modified to be consistent with the stage values 
in the downstream Snapper Creek Extension Canal. 

2. The Miami-Dade West Wellfield, located south of Tamiami Trail, was added to the model.  This 
wellfield is currently permitted for a 15-million-gallon-per-day withdrawal rate. 

3. A 2-mile stretch of canal at the western end of 25th Street was eliminated.  This modification was 
necessary to avoid the intersection of the canal and existing lakes. 

Additional modifications were made to allow prediction of future scenarios as the size of the mining area 
increases.  These modifications were made to reflect canal improvements that were completed 
post-2002.  These modifications include 

4. NWWF Recharge Canal structure – This structure divides the recharge canal into eastern and 
western sections to reduce seepage from the Pennsuco Wetlands.  The structure is simulated by 
assigning a higher stage to the section west of the structure so that the stage is equal to the 
water level that was originally in the model for the northern end of the canal. 

5. S-380 structure on the Tamiami Canal – This structure is intended to reduce seepage from the 
Pennsuco Wetlands and is simulated by assigning a 0.25-foot higher stage to the original stage 
west of the structure. 

6. 25th Street Canal improvement – The eastern 2-mile section of this canal was improved and 
connected to the Snapper Creek Extension Canal to provide additional protection to the NWWF. 
The improvements are simulated as a “river” in the model, with a stage similar to the adjacent 
Snapper Creek Extension. 
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Note that the Lake Belt Groundwater Flow Model, with the modifications used for this SEIS, is a 
significant improvement from the groundwater flow model used in the Final Lakebelt PEIS.  A brief 
discussion of the improvement is presented below: 

• The resolution of the current Lake Belt Groundwater Flow Model has been improved from  
1,000- by 1,000-foot cells to 500- by 500-foot cells. 

• The Lake Belt Groundwater Flow Model used in this study has capabilities for simulating certain 
key surface water processes (e.g., the wetland package and the lake package) that were not 
included in the Final Lakebelt PEIS groundwater flow model. 

- The wetland package enables the top layer of the grid system to contain overland flow 
and channel flow simulations.  It can account for vegetation characteristics, simulation of 
surface flow routing, the export and import of water, and evapotranspiration.  This 
extended model makes it possible to simulate the areal expansion and contraction of 
wetland systems and the associated water routing (horizontal and vertical) in response 
to different hydrologic conditions (Restrepo, Montoya, and Obeysekera 1998).  The Final 
Lakebelt PEIS groundwater flow model did not account for these wetland processes— 
instead, the ponded surface water in WCA-3B and ENP were included in the model by 
treating these groundwater-surface water interactions as head-dependent flux 
boundaries.  The general head boundary package was used to incorporate these 
boundaries in the model.  This package does not simulate flow; the ponded surface acts 
like a source/sink given groundwater level fluctuation. 

- The lake package (Wilsnack and Nair 1998) used in the current modeling effort accounts 
for the interactions between the quarry lakes and the groundwater flow system. It allows 
lakes to be treated as independent features in the model.  It allows lakes to be simulated 
with variably, and potentially unknown, water levels, and contains routines to calculate 
water budgets for a lake that overlies many groundwater cells.  It can subsequently 
update the water level (stage), volume, and area as a result of the computed water 
budget (Council 1999).  The Final Lakebelt PEIS groundwater flow model did not 
account for interactions between the lakes and the groundwater system: the lakes were 
represented in the model as zones in the aquifer system with high hydraulic conductivity 
(100,000 feet per day) and high specific yield (1.00).  Lakes were not treated as 
independent features in the model and could not be simulated with variably, and 
potentially unknown, water levels. 

C.5.2 Model Modifications for the Final SEIS 

As presented in Section C.3, a MODFLOW model is built upon multiple key core features and software 
packages.  A discussion of changes to each of these features for the Final SEIS modeling, if any, is 
provided prior to a discussion of specific model runs.  

Domain.  There were no changes to the model domain, layers, or boundaries from the draft to final 
version of the SEIS for the seepage evaluations completed for each alternative.  

Discretization.  There were no changes to the model discretization from the draft to the final SEIS. 

Canals.  Stage values in the primary canals (L-30, Miami Canal, and L-31) were examined following the 
issuance of the Draft SEIS in an attempt to fully assess all model inputs related to seepage volumes.  It 
was determined several time periods of stage values were creating artificial, high magnitude fluctuations 
in canal stage.  As a resolution, these values were replaced with actual stage data for the canals based 
on observed values for the period of simulation (e.g., 1988 through 1995).  The purpose of this action is to 
eliminate the artificial fluctuations present in the canal stages. 

The assignment of canals as either drains or rivers within the Lake Belt Groundwater Flow Model was 
evaluated following issuance of the draft SEIS.  In MODFLOW, the use of the river package allows a 
stream or other water feature, such as a canal, to be simulated as either providing recharge water to the 
groundwater system or taking water from the groundwater system.  The designation of a canal as a “river” 



Final Supplemental Environmental Impact Statement on 
Rock Mining in the Lake Belt Region of Miami-Dade County, Florida   

 

 C–22  

in the model results in that canal having the ability to add water along its length when the canal stage is 
above the elevation of the adjacent groundwater or to drain water from the groundwater system when the 
canal stage is below the elevation of the groundwater system.  In contrast, the designation of a canal as a 
drain only allows the canal to drain water from the groundwater system along its length.  A limited 
evaluation of the re-assignment of canals as drains was completed, with results provided in 
Section C.8.2. 

Wetlands.  There were no changes to the wetland package from the draft to final version of the SEIS. 

Pumpage.  A revision to the pumpage rate for the Northwest Wellfield Field and the Miami Springs 
Wellfield was made for the model runs performed for the Final SEIS.  These revisions are the result of 
modifications by the SFWMD to the Water Use permits for these wellfields.  The results of modeling using 
revised pumpage rates is presented in Section C.8.1. 

Quarries or Lakes.  The baseline configuration of lakes remained unchanged from the draft to the final 
SEIS model runs.  However, similar to the Draft version, future quarry areas and shapes were adjusted to 
reflect anticipated land use per each proposed Alternative.  Quarry configurations for each Alternative are 
presented in Chapter 5.   

Outer Boundary.  A modification to the western boundary of the Lake Belt Groundwater Flow Model was 
made for several specialized model runs for the Final SEIS to evaluate the impact of mining to future 
CERP projects. The results of modeling this re-positioned western boundary are presented in 
Section C.8.    

Recharge and Evapotranspiration.  There were no changes to the model input values for recharge and 
evapotranspiration from the draft to final version of the SEIS. An analysis of the sensitivity of variations in 
evapotranspiration and lake evaporation was completed and is presented in Section C.8.6. 

Hydrogeologic Parameters.  There were no changes to the model input hydrogeologic parameters from 
the draft to final version of the SEIS.  An analysis of the sensitivity of variations in horizontal hydraulic 
conductivity was completed and is presented in Section C.8.5. 

Initial Condition.  There were no changes to the model input values for initial condition from the draft to 
final version of the SEIS. 

C.6 MODEL VERIFICATION 

The Lake Belt Groundwater Flow Model was reworked based on the modifications discussed above and 
the Revised Baseline (current mining footprint) conditions (see Table C–7).  The simulated and observed 
groundwater levels were compared at selected monitoring wells for the verification.  Table C–8 lists the 
monitoring wells together with their easting, and northing locations and layer configuration.  The easting, 
northing, and depth (below ground surface) were obtained from the SFWMD (SFWMD 2007).  The top 
surface of the muck was assumed as the ground surface, and the monitoring wells were assigned to a 
model layer accordingly.  Figure C–9 shows the locations of the selected wells.  Table C–9 shows the 
overall residual statistics for the verification, and Table C–10 presents the residual statistics for individual 
monitoring stations. In addition, predicted and observed water levels for the period of simulation for all the 
monitoring wells are presented on the attached CD (see the files in the directory of “Model Verification”). 
Based on these results, it may be concluded that the modified Lake Belt Groundwater Flow Model did not 
produce any loss in the calibration.  In general, the calibration was quite good within the Lake Belt area 
except for G-3253, located very close to the NWWF.  The discrepancy at this well may be attributed to the 
discrepancy that exists between the SFWMD and USGS surveyed elevations of the measuring point and 
possible overestimation of pumping rates from the nearby wells.  As expected, the model was unable to 
predict the water levels at G-1074B, located at the southeast corner of the model domain within the 
Alexander Orr Wellfield complex (near the Biscayne Bay), as the original Lake Belt County Groundwater 
Flow Model calibration statistics also indicated a poor fit for this well (i.e., the mean error was 5.23 feet) 
(SFWMD 2003).  Other wells (e.g., G-1368A, G-3, G-551, and S-68) with poor calibrations are either near 
or within a wellfield, except for poor calibration at G-1636, which was previously (SFWMD 2003) attributed 
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to a possible error in the measuring point datum or the possibility that maximum daily measured water 
levels might not be representative of end-of-day water levels.  

Table C–7.  Description of Groundwater Simulations 
Simulation Description 

Revised Baseline Mined lakes in CY2006 under 2002 permits 

Alternative 2 (Increment 1) 2002 permitted mining alternative 

Alternative 3 (Increment 2) Additional proposed mining alternative (Increment 2) 

Alternative 4 (Increment 3) Additional proposed mining alternative (Increment 3) 

Alternative 5(Increment 3 less ½ FPL 
transmission corridor) 

Exclusion of mining or related activities in the western half of the FPL 
transmission corridor (Increment 3 less 1/2 FPL) 

Alternative 6  
(Increment 3 less Krome expansion) 

Exclusion of mining or related activities along the eastern border of ENP 
below Tamiami Trail beyond the portion permitted in 2002 (Increment 
3 less Krome expansion) 

Alternative 7  
(Increment 3 less ½ FLP transmission 
corridor and Krome expansion) 

Exclusion of mining or related activities in the western half of the FPL 
transmission corridor and along the eastern border of ENP beyond the 
portion permitted in 2002 

Alternative 8  
(Increment 3 less 1,500 foot exclusion 
area within the FPL transmission 
corridor and Krome expansion) 

Exclusion of mining or related activities in a 1,500 exclusion area in the  
western half of the FPL transmission corridor along the eastern border of 
the Pennsuco Wetlands, and along the eastern border of ENP below 
Tamiami Trail beyond the portion permitted in 2002 

Alternative 9  
(Increment 3 less 1,000 - 1,500 foot 
exclusion area within the FPL 
transmission corridor and Krome 
expansion) 

Exclusion of mining or related activities in a 1,000 to 1,500 exclusion area 
in the  western half of the FPL transmission corridor along the eastern 
border of the Pennsuco Wetlands, and along the eastern border of ENP 
below Tamiami Trail beyond the portion permitted in 2002 

Key: CY=calendar year; ENP=Everglades National Park; FPL=Florida Power and Light Company. 

Table C–8.  Monitoring Wells for Lake Belt Groundwater Flow Model Verification 

Monitoring 
Wells 

Easting 
(feet) 

Northing 
(feet) 

Model 
Layer 

Number 
Monitoring 

Wells 
Easting 

(feet) 
Northing 

(feet) 

Model 
Layer 

Number 
F-239 743,384 537,064 4 G-3327 743,424 529,896 4 
F-319 743,607 497,184 2 G-3328 743,424 529,896 4 
F-45 766,436 533,565 6 G-3329 730,262 529,824 4 
G-1074B 720,557 497,061 4 G-3439 687,612 500,440 2 
G-1166 720,242 558,849 3 G-3465 733,552 529,841 3 
G-1222 702,197 608,637 3 G-3466 743,424 529,896 3 
G-1223 752,783 617,185 3 G-3467 743,424 529,896 3 
G-1225 752,847 606,281 3 G-3473 683,125 501,835 3 
G-1226 769,248 610,016 2 G-551 707,402 493,362 6 
G-1368A 743,384 537,064 4 G-553 717,902 479,178 6 
G-1472 779,792 602,106 3 G-580 729,676 485,094 6 
G-1473 779,220 591,804 7 G-852 776,097 566,339 3 
G-1487 665,601 492,375 2 G-855 684,381 485,989 3 
G-1488 670,262 540,046 3 G-858 695,120 478,262 3 
G-1636 704,117 588,554 3 G-968 681,687 582,800 4 
G-1637 687,234 587,771 3 G-970 706,950 587,861 3 
G-2034 706,810 616,939 5 G-972 682,630 575,736 3 
G-2035 775,817 610,057 4 G-973 720,261 555,215 2 
G-3 730,224 536,992 3 G-975 684,088 555,045 3 
G-3073 710,405 496,809 3 G-976 688,898 541,234 3 
G-3074 710,696 493,378 4 S-18 753,018 577,203 4 
G-3253 693,986 547,819 4 S-19 733,552 529,841 6 
G-3259A 697,275 547,834 5 S-68 743,424 529,896 5 
G-3264A 707,142 547,880 4     
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Table C–9.  Summary Statistics for the Lake Belt Groundwater 
Flow Model Verification  

Statistical Parameter Statistics 

Residual Mean (feet) -0.29 

Residual Mean/Head Rangea (percent) -1.5% 
Residual Standard Deviation (feet) 1.50 

Residual Standard Deviation/Head Rangeb (percent) 7.9% 
Observed Minimum Head (feet) -9.58 
Observed Mean Head (feet) 2.77 
Observed Median Head (feet) 2.58 
Observed Maximum Head (feet) 9.48 

Observed Head Range (feet) 19.06 
a For a good calibration/verification, overall "Residual Mean/Head Range" should be < 0.05 (Wilsnack et al. 2000). 
b For a good calibration/verification, overall "Residual Standard Deviation/Head Range" should be < 0.1   

(Wilsnack et al. 2000). 

Table C–10.  Residual Statistics for Individual Monitoring Wells for the 
Lake Belt Groundwater Model Verification 

Monitoring 
Station 

Residual Mean / 
Head Rangea 

Residual 
Standard 

Deviation / Head 
Rangeb Notes 

F-239 -0.16 0.18 
Elevation of measuring point may be 
questionable 

F-319  0.44 0.17 
Located near the southeast boundary 
and near the Alexander Orr Wellfield 
Complex 

F-45  -0.02 0.10   
G-1074B -1.50 0.59   
G-1166 -0.03 0.15   
 G-1222 -0.03 0.16   
G-1223 0.06 0.10   
G-1225 0.06 0.20   
G-1226 0.26 0.10   

G-1368A -0.66 0.84 
Located within Preston-Hialeah / 
Miami Springs Wellfield 

G-1472  -0.10 0.08   
G-1473 -0.06 0.12   
G-1487 0.07 0.17   
G-1488 -0.03 0.06   
G-1636 0.25 0.16   
G-1637 0.03 0.15   
G-2034  -0.01 0.14   
G-2035 -0.04 0.08   

G-3 -0.21 0.44 
Located within Preston-Hialeah / 
Miami Springs Wellfield 

G-3073 -0.15 0.16   
G-3074 -0.32 0.37   
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Table C−10. Residual Statistics for Individual Monitoring Wells for the Lake Belt  
Groundwater Model Verification (continued) 

Monitoring 
Station 

Residual Mean / 
Head Rangea 

Residual 
Standard 

Deviation / Head 
Rangeb Notes 

G-3253 -0.53 0.57 
Located within Northwest Wellfield 
Complex 

G-3259A -0.19 0.32 
Located near Northwest Wellfield 
Complex 

G-3264A -0.14 0.10   
G-3327 -0.04 0.16   
G-3328 0.00 0.12   
G-3329 -0.07 0.10   

G-3439 0.18 0.14   

G-3465 -0.19 0.23 
Located near Preston-Hialeah / Miami 
Springs Wellfield 

G-3466 -0.18 0.46 
Located within Preston-Hialeah / 
Miami Springs Wellfield 

G-3467 -0.09 0.19   

G-3473 0.07 0.10   

G-551 -0.45 0.19 
Located within Southwest Wellfield 
Complex 

G-553 0.14 0.09   

G-580 0.02 0.09   

G-852 0.11 0.14   

G-855 0.08 0.12   

G-858 0.14 0.14   

G-968 0.01 0.08   

G-970 0.12 0.11   

G-972 -0.11 0.14   

G-973 0.08 0.22   

G-975 0.16 0.11   

G-976 -0.02 0.16   

S-18 0.06 0.21   

S-19 -0.24 0.27 
Located within Preston-Hialeah / 
Miami Springs Wellfield 

S-68 -0.38 0.69 
Located within Preston-Hialeah / 
Miami Springs Wellfield 

Key: 
  Represents good verification     
a For a good calibration/verification overall, "Residual Mean/Head Range" should be <5 percent (Wilsnack et al. 2000). 
b For a good calibration/verification overall, "Residual Standard Deviation/Head Range" should be <10 percent  
 (Wilsnack et al. 2000). 
Note: Totals may not add due to rounding.   
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C.7 SEEPAGE SPECIFIC EVALUATIONS (FINAL SEIS) 

C.7.1 Evaluation of Wellfield Pumpage Change 

For the model runs completed for the Final SEIS, the pumpage rate value used in the Lake Belt 
Groundwater Flow Model was reduced from 155 MGD to 97 MGD for the NWWF with the pumpage rate 
for the Miami Springs Wellfield increased from 8 MGD to 70 MGD.  The revised pumpage rates are the 
result of modifications to the Water Use permits by the SFWMD for these wellfields.  The revised permits 
were issued during 2007 (after release of Draft SEIS) and reflect the anticipated future pumpage 
allocations for the years 2012 to 2027 (SFWMD 2007).  

Model runs were completed with the revised pumpage volumes and compared to the seepage values 
from model runs using the higher pumpage volume.  Table C−11 provides a comparison of model-
predicted seepage values for the 2006 base conditions along the L-30 Canal for the 7-year average 
condition and the dry condition. The revisions in wellfield pumpage rates result in an approximate 6.0 to 
7.5 percent reduction in total seepage along this transect. It is assumed a similar reduction in total 
seepage of these percentage ranges occur throughout the model domain influenced by wellfield 
withdrawals.  All model runs completed for the Final SEIS used the revised pumpage rates. 

Table C–11.  Seepage Reduction Along L-30 Canal Due to Wellfield Pumpage Change 

Calibration Period 

Seepage Rate with 
NWWF at 155 MGD 
(Base Condition) 

Seepage Rate with 
NWWF at 97 MGD 
(Base Condition) 

Net Change 
(%) 

7-Year Averagea 126.4 118.8 -6.0 
Dry Periodb 90.6 83.8 -7.5 

a Represents the predicted average of 1989 through 1995 (i.e., the period of simulation). 
b As represented by the period from June 1989 to May 1990. 
Key: %=percent; MGD=millions gallons per day; NWWF=Northwest Wellfield.  

C.7.2 Evaluation of Rivers vs. Drains Designation 

Prior to initiation of modeling seepage change for the Final SEIS, a thorough evaluation of the using the 
MODFLOW river package versus the drain package was completed. This evaluation required a sequence 
of individual assessments. The initial assessment was examination of the canal stage values 
programmed into the model by the SFWMD to assess anomalous fluctuations. A second assessment 
examined the possibility of alternating canal designations as either rivers or drains during model runs to 
match seasonal changes in canal stages. The final assessment was a comparison of seepage results 
along the evaluation transects when canals were designated as rivers versus drains.  

C.7.2.1 Revision of Canal Stage Fluctuations 

Close examination of daily canal stage values programmed into the model by the SFWMD indicated 
stage fluctuations that were judged as not representative of actual canal water level changes.  The canal 
stage assessment focused on stages for the L-30 canal, the primary north-south oriented canal in the 
Lake Belt Groundwater Flow Model domain. It was noted that the L-30 canal operational history indicates 
the canal is more commonly operated as a drain, moving water to the south.  The SFWMD operates the 
canal to maintain an optimum stage of 5 to 6 feet.  

Figure C–10 presents graphs of stage values for model cells along the northern portion of the L-30 canal. 
The input stage values used in modeling for the Draft SEIS include short-term stage fluctuations, 
especially during the mid-1988 to mid-1990 timeframe.  The replacement of the Draft SEIS stage data 
with actual stage data from the L-30 control structures results in removal of these anomalous fluctuations. 
As indicated, the stage curves for the Draft and Final SEIS are dissimilar in the magnitude of short term 
fluctuations. The average difference in stage values between the two data sets is 0.2 feet, representing 
an insignificant change in input stage values.  Modeling performed for the Final SEIS used the actual L-30 
stage data as the input stage data. 
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C.7.2.2 Seasonal Alteration of Drains vs. River Designations 

An examination of the operational history of the canal stages in the Lake Belt area indicated some canals 
are operated both as drains and as rivers with changes in operation that can occur seasonally.  To mimic 
this alteration, it was assessed whether the automatic change in canal designations (drain vs. river) could 
be programmed into the MODFLOW code.  The programming change would have required the separation 
of model runs into two separate runs per year; a model run for the wet portion of the year with canals 
designated as rivers and a subsequent model run for the dry portion of the year with canals designated as 
drains.  A set of dual model runs would be required for each of the seven year simulation period.  The 
complexity of revising the model code to accommodate the output files from one set of the dual run as the 
input files for the follow-on model run was daunting and determined as requiring an extensive re-write and 
testing of the model.  It was also determined a subroutine is present in the Lake Belt code to trigger canal 
stage adjustments in the event canal stages fall below a trigger level.  It was determined the removal of 
this subroutine, which would be necessary to alter the river and canal designations, could produce 
unintended results in the model results.  As such, the re-coding of the model to allow for seasonal 
alteration of canals as drains or rivers was not pursued. 

C.7.2.3 Comparison of Drain vs. River Designation 

The final evaluation of canals as either drains or rivers was completed following the assessments of canal 
behaviors described above. The evaluation consisted of performing one set of model runs with canals 
designated as rivers and another set of model runs with canals designated as drains. For the drains run, 
all canals normally designated in the model as rivers were switched to a drain designation. This change 
was the only change made in the model input files. 

Seepage results from the model runs were compared using the flow transects.  Table C–12 provides the 
seepage results for the drain and river model runs for Alternatives 1, 3 and 8 for the seven year average 
period (1989 to 1995).  As indicated in Table C–12, the drain designation results in a net reduction in 
estimated seepage volume along most evaluation transects for the three alternatives (Alternative 1 
[2006 Baseline], Alternative 3, and Alternative 8) analyzed. This estimated seepage reduction reflects the 
inability of the canals to act as recharge mechanisms as is allowed with the river designation. 

As a conservative approach, the USACE decided to continue modeling efforts for the Final Lake Belt 
SEIS using the river package for canals as designated in the original SFWMD Lake Belt Groundwater 
Flow model.  It is recognized that seepage volumes may be overestimated using only the river 
designation for certain canals.  However, the relative change in seepage is very similar for either 
approach compared to the Baseline for each approach.  For example, seepage from the L-30 Canal to 
the east for Alternative 3 is projected to increase by 13.7 percent using the river package and by 
12.4 percent using the drain package compared to their respective baselines.  Similarly, seepage from 
the L-30 Canal to the east for Alternative 8 is projected to increase by 19.3 percent using the river 
package and by 15.6 percent using the drain package compared to their respective baselines. 
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Table C–12.  Comparison of Model-Predicted Average Seepage Results for Model Runs with River and Drain Designation 

2006 Baseline Alternative 3 Alternative 8 
Percent Difference Between 2006 Baseline and 

Alternatives 3 and 8 

(MGD) (MGD) (MGD) (%) 

River Package Drain Package 

Scenarios 
River 

Package Drain Package River Package Drain Package 
River 

Package 
Drain 

Package Alt. 3 Alt. 8 Alt. 3 Alt. 8 

Mine-out Areas North of Tamiami Trail 

L-30 Canal to 
east 

92.9 87.8 105.7 98.6 110.8 101.5 13.7% 19.3% 12.4% 15.6% 

L-30 Canal to 
Pennsuco 

88.4 77.2 99.6 87.2 101.3 87.9 12.6% 14.5% 13.0% 13.9% 

Pennsuco to 
south and east 

86.3 81.3 97.5 93.1 99.3 94.1 13.0% 15.1% 14.5% 15.7% 

Krome Avenue Area (South of Tamiami Trail) 

L-31N to east 31.7 27.2 39.6 30.8 36.0 29.5 24.9% 13.7% 13.3% 8.6% 
a  Seepage rates for 7-year average represent the predicted average of 1989 through 1995 (i.e., the period of simulation). 
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C.7.3 Evaluation of Particle Travel Time  

The evaluation of particle travel times for water moving to the NWWF was revisited and improved for the 
Final SEIS. As discussed in the Draft SEIS, the calculation of 30-day and 60-day particle travel times is 
based on output from the Lake Belt Groundwater Flow model and is compared to the County’s current 
60-day setback area.  The improvement in particle tracking was completed by using MODPATH, 
developed by USGS, which is a particle-tracking post-processing model for MODFLOW. MODPATH, the 
most widely used particle tracking program is a three-dimensional model (Pollock 1989) that uses the 
computational results of MODFLOW to predict a simulated release of a water particle.  It is expected that 
some of the uncertainties in the estimation of travel time distance would be reduced by using MODPATH  
instead of the analytical calculations used in the draft SEIS.  In MODPATH, the path and time of travel of 
a water particle is computed by tracking the particle from one cell to the next until the particle reaches a 
boundary such as an internal sink/source, or satisfies some other termination criterion (in this cased the 
60-day time period).  

For this analysis, the tracks of the groundwater particles released from the NWWF were simulated using 
the head distribution generated by Lake Belt Groundwater Flow Model.  Particles were simulated as 
released in the middle of model layer 5 (i.e., the approximate depth of 60 feet below ground surface) in 
the area surrounding the NWWF pumping wells. The particle tracks were stopped at the end of the 
simulated 60 day time period.  The distances each particle traveled in 60 days was plotted to create a 
map showing a simulated 60-day travel time area surrounding the NWWF as shown in Figure C–11. 

As discussed in Sections 3.7.1, and 4.7.3 of the SEIS, particle tracking and travel time results were used 
to establish model-predicted 60-day travel time area.  Figure C–11 shows how this SEIS area compares 
with the County’s current 60-day area.   

C.7.4 Evaluation of Impacts to CERP along L-30 Canal 

A modification to the western boundary of the Lake Belt Groundwater Flow Model was made for several 
specialized model runs for the Final SEIS to evaluate the potential impacts of mining on future CERP 
projects.  Specifically, more detailed evaluation was required to assess the magnitude of changes in 
seepage and hydroperiod in WCA-3B, L-30 Canal, and Pennsuco wetlands given CERP 2050 conditions.  
For these model runs only, the western boundary of the model was shifted eastward to align with a series 
of model cells from SFWMM.  The SFWMM, commonly referred to as the “2×2” regional model (as the 
model grid uses cells are 2 miles by 2 miles in dimension) is the large scale regional model used by the 
SFWMD to evaluate the natural hydrology of South Florida.  A significant element of the 2×2 model is the 
evaluation of future CERP actions and components on groundwater and surface water behavior.  

C.7.4.1 Initial Modeling Approach  

The initial modeling approach for this simulation placed a western general head bound (GHB) in proximity 
to the L-30 canal.  The simulation of a repositioned western general head boundary involved modification 
of the model input files, specifically adjustment of the stage values in the repositioned western boundary 
cells.  Stage values were extracted from the latest simulation of the CERP using the 2×2 model 
(specifically referred to as CERPA and located at 
http://modeling.cerpzone.org/pmviewer/ModelRunInfo.do?modelrunID=63).  To derive the daily head 
values for each cell in the new general head boundary of the MODFLOW model, the SFWMM results for 
each two mile by two mile cell (2×2) that included part of the new boundary were extracted for the CERP 
model output file.  There are approximately 21 Lake Belt Groundwater Flow Model boundary cells within 
each SFWMM 2×2 cell and all corresponding cells were assigned the same daily head value produced by 
the SFWMM with CERP.  This is similar to the way the general head boundary was defined by the 
SFWMD in the original Lake Belt model.  As shown in Figure C–12, the repositioned GHB line was placed 
very close to the L-30 canal (i.e., one CERP Model cell west of L-30 or L-31N canals) which was 
expected to produce the maximum effect on the seepage. 

The model simulation indicated the change in boundary condition using the 2×2 cell stage values has the 
effect of raising stages in L-30 Canal and, as a result increasing seepage from the L-30 Canal to the east. 
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However it was recognized that in order to evaluate the impacts on the hydroperiods in WCA-3B and 
ENP, the initial modeling setup was not suitable, as most of the area within WCA-3B and ENP ended up 
being west of the repositioned GHB line and under the Lake Belt Model became inactive in terms of 
predicting changes in hydroperiod.  In order to account for the impact on the hydroperiod in WCA-3B and 
ENP areas, the repositioned GHB line in Approach 1 (Figure C–12) was shifted to the western boundary 
of the Lake Belt Model domain (see Figure C–13).  This revised modeling approach provided the 
simulation conditions suitable for the hydroperiod evaluation.  

C.7.4.2 Revised Modeling Approach  

The revised modeling approach placed a western GHB in the WCA-3B at the western boundary of the 
Lake Belt groundwater flow model (Figure C–13).  Stage values were extracted from the latest simulation 
of the CERP using the 2×2 model along this GHB and seepage simulations were performed to define the 
potential impacts in the context of future CERP conditions.  CERP 2050 baseline conditions are defined 
as having the similar characteristics as the existing 2006 baseline condition; however, the stage values 
used here were extracted from the CERPA version of the 2×2 model instead of using the actual stages 
from the period of record.  Alternative 7 is defined as a full mine-out of planned mining lands, with the 
exception of a 2,500 foot buffer along the Pennsuco wetlands and the eastern boundary of the ENP.  
Alternative 7 was used as a representative of all the mining alternatives for potential seepage impacts; 
however it should be noted seepage volume increases as a result of any increased mining footprint.  The 
difference in seepage that results from application of CERP 2050 conditions is shown in Table C–13 as 
the “Net Change from CERP 2050 Baseline Conditions”.  For the transects north of the Tamiami Trail, 
projected seepage increases range from 10.5 to 15.0 percent compared to the CERP baseline.  For the 
L-31N to the east transect below Tamiami Trail, the seepage under Alternative 7 increases 12.8 percent 
from CERP Baseline conditions.  It should be noted that no new mining is proposed under Alternative 7 
below Tamiami Trail beyond what had already been permitted by the Corps in 2002.  The magnitude of 
these increases is similar to the projected changes for Alternative 7 without CERP as discussed in 
Section 4.6.7 which shows that seepage from the L-30 Canal to the east is projected to increase by 
15 percent and seepage from the L-31N Canal to the east is projected to increase by 14 percent 
compared to the baseline for each transect.  

Table C–13.  Predicted 7-year Average Seepage Ratesa from Different Sections  
for CERP 2050 Conditions  

Transect 

CERP 
2050 

Baseline 
(MGD) 

Alternative 7 
with CERP 

(MGD) 

Net Change from 
CERP 2050 

Baseline 
Conditions 

(MGD) 

Percent 
Change from 
CERP 2050 
Conditions 

North of Tamiami Trail 
L-30 Canal to the east 92.6 106.5 13.9 15.0% 
L-30 Canal to Pennsuco 88.2 97.2 9.0 10.2% 
Pennsuco to south and east 86.1 95.1 9.1 10.5% 

South of Tamiami Trail 
L-31N to the east 34.9 39.4 4.5 12.8% 

a Average seepage rates represent the predicted average from 1989 through 1995 (i.e., the period of simulation). 
Key: %=percent; CERP=Comprehensive Everglades Restoration Plan; MGD=millions gallons per day. 

The same model simulations developed for seepage analysis were used to quantify potential hydroperiod 
class changes in the WCAs and ENP (see Table C–14).  Similar to the seepage analysis, the use of 
existing conditions versus projected CERP 2050 conditions had little effect on the results in terms of 
measuring the potential changes.  The acreage affected by increased seepage volume, and duration of 
hydroperiod class are identical regardless of baseline used.  With CERP, the average hydroperiod for this 
area is expected to be higher due to the increased amount of water being delivered to ENP.  The acreage 
covered by each hydroperiod class tends to increases towards the lower hydroperiod class as a result of 
increased mining as represented by Alternative 7.  However, hydroperiod acreage or class distribution 
remains nearly constant for Alternative 7 regardless of the baseline conditions used as the starting point 



 
Appendix C ▪ Lake Belt Groundwater Flow Modeling 

 C–31  

for these simulations.  Figures showing the hydroperiod maps for average, wet and dry conditions for the 
baseline conditions and Alternative 7 with revised modeling approach using future CERP conditions are 
provided on the attached CD included as supporting information to this appendix (see D:\\Appendix C 
Figures\Hydroperiods). 

Table C–14.  Average Hydroperiod for WCA-3 and ENP within the  
Lake Belt Groundwater Flow Model 

Hydroperiod 
Class 
(days) 

CERP 2050 Baseline 
Conditions 

Alternative 7 with CERP 
2050 Conditions 

Baseline 
(existing 2006 

conditions) 

Alternative 7 
(existing 2006 

conditions) 
 Area (acres) Percent 

of Total 
Area (acres) Percent 

of Total 
Area (acres) Percent 

of Total 
Area (acres) Percent 

of Total 
1 (0 – 60) 2,009 0.9% 2,043 0.9%  2,899 1.3% 2,950 1.3% 
2 (60-120) 293 0.1% 304 0.1% 649 0.3% 649 0.3% 
3 (120-180) 1,033 0.5% 1,102 0.5%  1,148 0.5% 1,246 0.6% 
4 (180-240) 27,655 12.6% 27,701 12.6%  26,972 12.3% 27,058 12.3% 
5 (240-300) 11,733 5.3% 11,807 5.4%  13,024 5.9% 13,104 6.0% 
6 (300-330) 5,252 2.4% 5,355 2.4%  7,829 3.6% 7,829 3.6% 
7 (330-365) 171,508 78.1% 171,241 78.0%  167,034 76.1% 166,718 75.9% 
Total 219,555 100.0% 219,555 100.0%  219,555 100.0% 219,555 100.0% 
         
Hydroperiod 

Class 
Hydroperiod 

Days 
 Hydroperiod 

Days 
 Hydroperiod 

Days 
 Hydroperiod 

Days 
 

1 (0 – 60) 60,270  61,303   86,961  88,512  
2 (60-120) 26,343  27,380   58,376  58,374  
3 (120-180) 154,980  165,312   172,200  186,840  
4 (180-240) 5,807,613  5,817,260  5,664,175  5,682,264  
5 (240-300) 3,167,802  3,187,939  3,516,496  3,538,188  
6 (300-330) 1,654,412  1,686,957  2,466,248  2,466,261  
7 (330-365) 59,624,085  59,506,393  58,044,315  57,934,609  
Total 70,495,504  70,452,545  70,008,771  69,955,048  
Average 
Hydroperiod 
(days) 

321.1  320.9  318.9  318.6 
 
 

Note:  Average hydroperiod is a weighted average calculated by multiplying the area of each hydroperiod class by alternative by the 
midpoint for the hydroperiod class (e.g., 30 days for hydroperiod Class 1). The product for each class was then summed and divided 
by the total area (e.g., 70,495,504 days divided by 219,555 acres for the Baseline) to get the average hydroperiod in days (321.1 for 
the Baseline). 
Key: %=percent; ENP=Everglades National Park; WCA=Water Conservation Area. 

C.7.5 Sensitivity Analysis of Hydraulic Conductivity  

A sensitivity analysis related to hydraulic conductivity was performed for Alternative 1 and Alternative 8. 
The sensitivity to hydraulic conductivity was analyzed by increasing the hydraulic conductivities of model 
layer 5 by an order of magnitude throughout the Lake Belt. As shown in Table C–2, hydraulic conductivity 
in this layer ranged from 7 to 25,000 feet per day as originally included in the model.  The sensitivity 
analysis increased hydraulic conductivity in this layer to 70 to 250,000 feet per day.  Layer 5 was chosen 
for this analysis because it corresponds to the high permeability layer based on USGS findings (see 
Section C–5 of this Appendix), and also it falls within the screening depths of all the wells for NWWF. The 
calculated seepage impacts for Alternative 1 and Alternative 8 are shown in Table C–15.  The results 
suggest a significant increase in seepage across all of the transects for both Alternative 1 and 
Alternative 8 when hydraulic conductivities are increased by an order of magnitude. For example, 
seepage from the L-30 Canal to the east is predicted to increase by 28 to 31 MGD when the hydraulic 
conductivity of model layer is increased by an order of magnitude.  However, the percentage change in 
seepage between Alternative 8 and existing 2006 conditions using the higher hydraulic conductivities is 
similar to the percentage changes predicted using the existing model hydraulic conductivities.  For 
example, seepage from the L-30 Canal to the east under Alternative 8 is predicted to increase by 
19 percent compared to existing 2006 conditions using the model hydraulic conductivities for layer 5 and 
by 17 percent when the hydraulic conductivities are increased by an order of magnitude.  Therefore, it 
may be concluded that by increasing the hydraulic conductivity by an order of magnitude (to as high as 
250,000 feet per day) in model layer 5, the percentage change in seepage for a mining alternative 
compared to existing conditions is not expected to change significantly although the magnitude of 
seepage may increase significantly.  In other words, the increase in hydraulic conductivity is expected to 
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increase seepage for the baseline and the proposed mining alternatives similarly and should not affect 
the usefulness of the model with respect to comparing one alternative against another or against the 
baseline. 

Table C–15.  Sensitivity Analysis Results: High Conductivity-Zone in Model Layer 5 
Under Average Hydrologic Conditions 

Existing 2006 
Conditions Alternative 8 

Percent change from 
Existing 2006 

Conditions 

Model K High KMD Model K High KMD 
Transect (MGD) (MGD) (MGD) (MGD) 

Alt 8 with 
Model K 

Alt 8 with 
High KMD 

L-30 Canal to east 93 121 111 142 19.3% 17.4% 

L-30 Canal to 
Pennsuco 

88 111 101 126 14.5% 13.5% 

Pennsuco to south 
and east 

86 109 99 124 15.1% 13.8% 

L-31N Canal to east 32 36 36 40 13.7% 12.4% 

Key: High KMD=10 times higher than model hydraulic conductivity for model layer 5 for the entire Lake Belt model domain; 
MGD=million gallons per day; Model K = calibrated hydraulic conductivity for the Lake Belt Groundwater Flow Model. 

C.7.6 Sensitivity Analysis of Variation in Evapotranspiration and Evaporation 

As mining is assumed to progress across the Lake Belt under the various alternatives evaluated in the 
SEIS, land surface areas are replaced with water in the form of additional lakes.  Therefore, water losses 
from the land surface due to evapotranspiration are replaced by lake evaporation losses.  If the 
evaporation rate is higher than evapotranspiration rate then there is a net loss of water due to mining.  A 
sensitivity analysis of these two key model input parameters (evaporation and evapotranspiration) was 
performed. Alternative 8 was selected as a representative of the mining alternatives for this analysis and 
two simulations were performed.  First, the evaporation rates for all the lakes under Alternative 8 were 
increased by 10 percent while keeping the potential evapotranspiration values constant.  Second, the 
potential evapotranspiration rates were decreased by 10 percent while the evaporation rates were 
increased by 10 percent.  As shown in Table C–16, increasing model evaporation rates by 10 percent has 
little to no affect on the modeled seepage predictions. Seepage across the main transects of interest for 
this SEIS increases by 1 percent or less when evaporation rates are increased by 10 percent. When the 
model evapotranspiration rates are decreased by 10 percent while at the same time increasing model 
evaporation rates by 10 percent also has little affect on the modeled seepage predictions with increases 
of 3 percent or less across the main transects of interest for this SEIS.  Therefore, it may be concluded 
that the evaporation and evapotranspiration rates are not highly sensitive factors when determining 
seepage rates for the Lake Belt.  This is because the difference between evaporation rates and 
evapotranspiration rates within the Lake Belt area is relatively small as discussed in Section 3.8.1 of the 
SEIS. 
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Table C–16.  Sensitivity Analysis Results: Varying Evapotranspiration and 
Evaporation Rates Under Average Hydrologic Conditions 

Alternative 8 

Percent Change in Seepage 
Compared to the Model ET and 

Evaporation Rates 

Model ET and 
Evaporation 

Rates 

Model ET and 
10% Higher 
Evaporation 

Rate 

10% Lower ET 
Rate and 10% 

Higher 
Evaporation 

Rates 
Transect (MGD) (MGD) (MGD) 

Model ET and 
10% Higher 
Evaporation 

Rate 

10% Lower ET 
Rate and 10% 

Higher 
Evaporation 

Rates 

L-30 Canal to east 111 112 110 0.9% -0.9% 
L-30 Canal to 
Pennsuco Wetlands 

101 102 101 1.0% 0.0% 

Pennsuco to south 
and east 

99 100 102 1.0% 3.0% 

L-31N Canal to east 36 36 36 0.0% 0.0% 
Key: %=percent; ET=evapotranspiration; MGD=million gallons per day. 

C.8 MODEL APPLICATION  

Groundwater simulations for all of the alternatives were performed using the modified Lake Belt 
Groundwater Flow Model.  The model was used for numerous simulations to assess seepage change for 
each alternative by reconfiguring the input files to adjust for changes in areas due to mining.  Simulations 
for Alternatives 1 and 3 were repeated a couple of times to address the cumulative impact of two different 
scenarios by incorporating potential additional lakes that could be excavated south of Tamiami Trail 
outside of the Lake Belt.  In addition, the model was run for simulations with potential seepage mitigation 
actions to assess the change on seepage volumes per alternative and to determine the possible 
effectiveness of the proposed seepage mitigation plans.  Results of each simulation provided output data 
for evaluation of seepage changes, hydroperiod changes, and water budget analysis. 

C.8.1 Seepage Analysis 

Seepage Analysis.  A seepage analysis was performed for 2006 existing conditions (considered 
equivalent to Alternative 1) and eight alternatives (Alternatives 2 through 9) along selected transects 
(lines) and for selected periods using Zonebudget, a modeling program (USGS 1990).  The selected 
transects are shown in Figure C–14 and are described below.   

• L-30 Canal to East: Seepage from the L-30 Canal to the east through the transect that starts at 
the intersection of the L-30 and Miami Canals and ends at the intersection of the L-30 and 
Tamiami Canals.  This transect is similar to the L-30 Canal to Pennsuco Wetlands except it 
includes the area from the Miami Canal down to the start of the Pennsuco Wetlands. 

• L-30 Canal to Pennsuco Wetlands: Seepage from the L-30 Canal to the Pennsuco Wetlands 
through the transect that starts at the intersection of the Pennsuco Wetlands and the L-30 Canal 
and ends at the intersection of the L-30 Canal and the Pennsuco Wetlands north of the Tamiami 
Canal. 

• Pennsuco Wetlands to South and East: Seepage from the Pennsuco Wetlands to the south 
and east through the transect that starts at the intersection of the Pennsuco Wetlands and the 
L-30 Canal south to the intersection of the Tamiami Canal, then travels westward along the 
Tamiami Canal to the L-30 Canal, representing the eastern and southern boundaries of the 
Pennsuco Wetlands. 

• Miami Canal to South/Southwest: Seepage from the south side of the Miami Canal into the 
Lake Belt area south/southwest through the transect that starts at the intersection of the 
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L-30 Canal and Miami Canal and ends at the intersection of the Miami Canal and the Snapper 
Creek Extension (SCE) Canal.  

• Miami Canal to North/Northeast: Seepage from the north side of the Miami Canal into the Lake 
Belt area north/northeast through the transect that starts at the intersection of the L-30 Canal and 
Miami Canal and ends at the intersection of the Miami Canal and the SCE Canal.  

• SCE Canal to West: Seepage from the SCE Canal to the west into the Lake Belt area through 
the transect that starts at the intersection of the Miami Canal and the SCE Canal and ends at the 
intersection of the SCE Canal and the Tamiami Canal. 

• SCE Canal to East: Seepage from the SCE Canal to the East (i.e., out of the Lake Belt Area) 
through the transect that starts at the intersection of the Miami Canal and the SCE Canal and 
ends at the intersection of the SCE Canal and the Tamiami Canal. 

• L-31N Canal to East: Seepage from the L-31N Canal to the east through the section at the 
canal. 

• Southern Lake Belt Boundary to the South: Seepage from the Lake Belt to the south through 
the transect that starts at the eastern corner of the southern most point of the Lake Belt 
Groundwater Flow Model to the western corner of the Lake Belt Groundwater Flow Model along 
the southern boundary.  

The selected periods analyzed are June 1989 through May 1990 (dry), 1989 through 1995 (7-year 
average), and January through December 1995 (wet) periods.  The seepage analysis is discussed in 
detail in Section 4.6 of this SEIS.  In estimating the seepage through a given transect, the entire vertical 
cross section in the model along the selected transect was considered.  Simulation results were output 
every 5 days for the entire period being analyzed to conserve computer storage.  Seepage was estimated 
using these results.  The results of the groundwater seepage analysis for the proposed alternatives 
without mitigation are shown in Tables C–17, C–18, and C–19 for the average condition, dry period, and 
the wet period, respectively. 
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Table C–17.  Predicted 7-year Average Seepage Ratesa for the Proposed Mining Alternatives, Without Mitigation 
Alternative 

2 3 4 5 

Transect 

2006 
Existing 

Conditions 
(MGD) (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 

Mine-out Areas North of Tamiami Trail 
L-30 Canal to east 92.9 95.4 2.7% 105.7 13.7% 115.7 24.6% 106.8 15.0% 
L-30 Canal to Pennsuco 88.4 90.4 2.2% 99.6 12.6% 107.1 21.1% 97.5 10.2% 
Pennsuco to south and east 86.3 88.2 2.3% 97.5 13.0% 105.1 21.8% 95.4 10.5% 
Miami Canal to northeast 3.2 5.2 59.4% 14.8 355.7% 9.5 193.7% 8.8 169.5% 
Snapper Creek to east 6.7 6.8 1.4% 7.1 6.1% 7.2 6.8% 6.6 -1.3% 
Miami Canal to southwest -30.5 -29.2 -4.1% -24.2 -20.7% -26.8 -12.2% -24.7 -18.8% 
Snapper Creek to west -6.2 -6.6 7.2% -7.1 15.4% -7.1 15.3% -6.1 -0.8% 

Krome Avenue Area (South of Tamiami Trail) 
L-31N to east 31.7 36.9 16.4% 39.6 24.9% 39.6 24.9% 39.6 24.9% 
South Lake Belt Boundary to south 40.2 40.0 -0.7% 39.9 -0.9% 39.8 -1.0% 39.9 0.9%  
          

Alternative 

6 7 8 9 Transect 

2006 
Existing 

Conditions 
(MGD) (MGD) 

% Change 
from 2006 

(MGD) 
% Change 
from 2006 

(MGD) 
% Change 
from 2006 

(MGD) 
% Change 
from 2006 

Mine-out Areas North of Tamiami Trail 
L-30 Canal to east 92.9 115.7 24.6% 106.8 15.0% 110.8 19.3% 112.5 21.1% 
L-30 Canal to Pennsuco 88.4 107.1 21.1% 97.5 10.2% 101.3 14.5% 103.6 17.2% 
Pennsuco to south and east 86.3 105.1 21.8% 95.4 10.5% 99.3 15.1% 101.7 17.8% 
Miami Canal to northeast 3.2 9.5 193.7% 8.8 169.5% 9.0 178.5% 9.5 192.7% 
Snapper Creek to east 6.7 7.2 6.8% 6.6 -1.3% 6.8 1.9% 7.0 4.3% 
Miami Canal to southwest -30.5 -26.8 -12.2% -24.7 -18.8% -25.5 -16.4% -26.7 -12.5% 
Snapper Creek to west -6.2 -7.1 15.3% -6.1 -0.8% -6.5 5.6% -6.7 9.1% 

Krome Avenue Area (South of Tamiami Trail) 
L-31N to east 31.7 36.9 16.4% 36.0 13.7% 36.0 13.7% 36.0 13.7% 
South Lake Belt Boundary to south 40.2 39.8 1.2% 39.8 1.1% 39.8 -1.1% 39.8 -1.1% 

a  Average seepage rates for the 7-year period represent the predicted average from 1989 through 1995 (i.e.: the period of simulation). 
Key: %=percent; ENP=Everglades National Park; MGD=million gallons per day. 
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Table C–18.  Predicted Dry Period Average Seepage Ratesa  for the Proposed Mining Alternatives, Without Mitigation 
Alternative 

2 3 4 5 

Transect 

2006 
Existing 

Conditions 
(MGD) (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 

Mine-out Areas North of Tamiami Trail 
L-30 Canal to east 73.4 75.1 2.2% 84.0 14.4% 92.4 25.7% 84.4 14.9% 
L-30 Canal to Pennsuco 81.6 82.9 1.6% 90.5 11.0% 95.6 17.2% 87.2 6.9% 
Pennsuco to south and east 74.6 76.0 1.8% 83.9 12.4% 89.2 19.5% 80.5 7.8% 
Miami Canal to northeast 0.6 1.8 194.4% 8.1 1204.9% 6.0 860.9% 5.5 774.2% 
Snapper Creek to east -0.4 -0.4 -10.7% 0.0 -96.4% 0.3 -160.3% -0.2 -46.8% 
Miami Canal to southwest -20.7 -19.9 -3.8% -16.9 -18.2% -18.4 -11.0% -17.0 -17.6% 
Snapper Creek to west 1.2 0.8 -34.6% 0.2 -79.3% -0.2 -117.2% 0.7 -38.2% 

Krome Avenue Area (South of Tamiami Trail) 
L-31N to east 32.6 37.1 13.8% 39.2 20.1% 39.2 20.1% 39.2 20.1% 
South Lake Belt Boundary to south -0.8 -1.0 -0.6% -1.1 37.7% -1.1 37.6% -1.1 37.9% 
          

Alternative 

6 7 8 9 

Transect 

2006 
Existing 

Conditions 
(MGD) (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 

Mine-out Areas North of Tamiami Trail 
L-30 Canal to east 73.4 92.4 25.8% 84.4 14.9% 88.0 19.8% 89.1 21.4% 
L-30 Canal to Pennsuco 81.6 95.6 17.2% 87.2 6.9% 90.6 11.1% 92.2 13.0% 
Pennsuco to south and east 74.6 89.2 19.5% 80.5 7.9% 84.0 12.6% 85.6 14.7% 
Miami Canal to northeast 0.6 6.0 860.9% 5.5 774.2% 5.6 805.5% 6.0 856.0% 
Snapper Creek to east -0.4 0.3 -160.3% -0.2 -46.7% 0.0 -91.9% 0.1 -124.3% 
Miami Canal to southwest -20.7 -18.4 -11.0% -17.0 -17.6% -17.5 -15.3% -18.3 -11.4% 
Snapper Creek to west 1.2 -0.2 -117.1% 0.7 -38.1% 0.4 -69.6% 0.1 -87.6% 

Krome Avenue Area (South of Tamiami Trail) 
L-31N to east 32.6 36.2 11.1% 36.2 11.1% 36.2 11.1% 36.2 11.1% 
South Lake Belt Boundary to south -0.8 -1.2 46.4%  -1.2 46.4% -1.2 46.3% -1.2 46.3% 

a  Average seepage rates for the dry period represent the predicted average from June 1989 through May 1990. 
Key: %=percent; ENP=Everglades National Park; MGD=million gallons per day. 
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Table C–19.  Predicted Wet Period Average Seepage Ratesa  for the Proposed Mining Alternatives, Without Mitigation 
Alternative 

2 3 4 5 

Transect 

2006 
Existing 

Conditions 
(MGD) (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 

Mine-out Areas North of Tamiami Trail 
L-30 Canal to east 98.3 103.7 5.5% 116.9 18.9% 129.1 31.4% 119.0 21.1% 
L-30 Canal to Pennsuco 87.7 92.2 5.1% 104.2 18.8% 114.3 30.3% 103.1 17.6% 
Pennsuco to south and east 107.9 112.2 4.0% 123.9 14.9% 133.9 24.1% 122.8 13.9% 
Miami Canal to northeast 4.1 6.7 63.3% 19.5 371.5% 12.0 190.5% 11.0 166.9% 
Snapper Creek to east 10.0 10.2 1.8% 10.4 3.7% 10.2 1.3% 9.6 -4.1% 
Miami Canal to southwest -39.9 -38.1 -4.6% -30.9 -22.6% -34.1 -14.5% -31.6 -20.8% 
Snapper Creek to west -12.2 -12.8 4.8% -13.2 8.1% -12.6 3.2% -11.6 -5.0% 

Krome Avenue Area (South of Tamiami Trail) 
L-31N to east 30.5 36.0 18.0% 39.1 28.1% 39.1 28.1% 39.1 28.1% 
South Lake Belt Boundary to south 53.7 53.5 -0.4% 53.3 -0.8% 53.3 -0.8% 53.3 -0.8 
          

Alternative 

6 7 8 9 

Transect 

2006 
Existing 

Conditions 
(MGD) (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 (MGD) 

% Change 
from 2006 

Mine-out Areas North of Tamiami Trail 
L-30 Canal to east 98.3 129.2 31.4% 119.0 21.1% 123.5 25.6% 125.4 27.6% 
L-30 Canal to Pennsuco 87.7 114.3 30.3% 103.1 17.6% 107.6 22.7% 110.4 25.9% 
Pennsuco to south and east 107.9 133.9 24.1% 122.8 13.9% 127.3 18.0% 130.1 20.6% 
Miami Canal to northeast 4.1 12.0 190.5% 11.0 166.9% 11.4 175.8% 12.0 189.6% 
Snapper Creek to east 10.0 10.2 1.3% 9.6 -4.1% 9.8 -2.0% 10.0 -0.5% 
Miami Canal to southwest -39.9 -34.1 -14.5% -31.6 -20.8% -32.6 -18.4% -34.1 -14.7% 
Snapper Creek to west -12.2 -12.6 3.2% -11.6 -5.0% -12.0 -1.6% -12.2 -0.2% 

Krome Avenue Area (South of Tamiami Trail) 
L-31N to east 30.5 35.2 15.4% 35.2 15.4% 35.2 15.4% 35.2 15.4% 
South Lake Belt Boundary to south 53.7 53.2 -0.9% 53.2 -0.9% 53.2 -0.9% 53.2 -0.9% 

a  Average seepage rates for the wet period represent the predicted average from January 1995 through December 1995. 
Key: %=percent; ENP=Everglades National Park; MGD=million gallons per day. 
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C.8.2 Impact on Northwest Wellfield 

Impact on Northwest Wellfield.  An analysis was performed to determine the impact on the NWWF 
under 2006 existing conditions and eight alternatives (2 through 9) at selected periods.  The selected 
periods are December 15, 1989 (dry) and June 17, 1995 (wet).  Potentiometric surfaces and Darcy 
velocities for these periods were developed for the analysis.  The NWWF is screened through layers 4, 5, 
and 6 of the Lake Belt Groundwater Flow Model. Figures C–15a through C–15i show the potentiometric 
surfaces in layer 4 under 2006 existing conditions and Alternatives 2−9 for the dry period.  The figures for 
the remaining layers for all the alternatives for both dry and wet periods are provided in a CD under 
supporting information for Appendix C (see files in the directory D:\\Appendix C Figures\Potentiometric 
Surface).  Figures C–16a through C–16i show the Darcy velocities in layer 4 under 2006 existing 
conditions and Alternatives 2−9 for the dry period.  The Darcy velocities in the remaining layers under 
both the dry period as well as wet period for all the alternatives including 2006 existing conditions are 
provided on the attached CD as supporting information to Appendix C (see files in the directory 
D:\\Appendix C Figures\Darcy Velocity).  In addition, the simulated groundwater levels under 2006 
existing conditions were compared to the groundwater levels of Alternatives 2−9 for all the wells provided 
under the calibration verification Section (Table C–8), The results of these comparisons are presented on 
the attached CD as supporting information to Appendix C (see files in the directory D:\\Appendix C 
Figures\Comparison of Head Predictions in MW). Section 4.6 of the Final Lake Belt SEIS discusses the 
impact analysis in more detail. 

C.8.3 Hydroperiod Analysis 

A hydroperiod analysis was performed for 2006 existing conditions and Alternatives 2 through 9 at 
selected periods. The selected periods are 1989 (dry), 1991 (average), and 1995 (wet).  Seven 
hydroperiod classes were considered (see Table C–20).  Figure C–17 shows the hydroperiod class 
distribution for the average period for 2006 existing conditions, and Figure C–18 shows the hydroperiod 
class distribution for the average period for Alternative 2. Figure C–19 shows a graphic representation of 
the hydroperiod class difference between Alternative 2 without any seepage mitigation and the Baseline. 
On Figure C–19, areas in blue represent hydroperiod classes that are predicted to be unchanged when 
Alternative 2 is compared to the Baseline; areas in red represent areas where the hydroperiod class is 
predicted to be decrease (e.g., go from hydroperiod class 2 to hydroperiod class 1) as a result of mining 
under Alternative 2 without seepage mitigation; and areas in green represent areas where the 
hydroperiod class is predicted to increase (e.g., go from hydroperiod class 1 to hydroperiod class 2) as a 
result of mining under Alternative 2 without seepage mitigation. Figures C–20 through C–33 show the 
hydroperiod class distribution for the average period for Alternatives 3−9, and the graphic representations 
of the predicted hydroperiod class differences between each alternative without any seepage mitigation 
and the Baseline. The predicted hydroperiod class distributions for all alternatives during the wet and dry 
periods are provided on an attached CD as supporting information to Appendix C (see files in the 
directory D:\\Appendix C Figures\Hydroperiods).   

For this hydroperiod analysis, the top surface of the muck was assumed to be the ground surface.  A 
ponding elevation was estimated for a topmost (layer 1) cell by adding a ponding depth (5 centimeters for 
wood stork foraging) to the groundwater surface elevation of the cell.  The ponding elevation and the 
simulated groundwater elevation of the cell were compared to determine the dry/wet condition of the cell.  
If the groundwater elevation was below the ponding elevation, the cell was determined to be dry.  
Otherwise, the cell was determined to be wet.  Simulation results over the selected period were output 
every 5 days to conserve computer storage.  Hydroperiod class was determined using these results.  The 
average number of days the cell remained wet in a given (dry, average, or wet) period was estimated, 
and a hydroperiod class was assigned to the cell accordingly for the period.  Hydroperiod class area 
allocations for wetlands inside and outside the Lake Belt area (within the Lake Belt Groundwater Flow 
Model domain) for the 7-year average hydrologic condition, without mitigation, are presented in  
Tables C–21 and C–22. 
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Table C–20.  Hydroperiod Classes 
Hydroperiod Class Number of Wet Days per Year 

Class 1  0 – 60 
Class 2  60 – 120 
Class 3  120 – 180 
Class 4  180 – 240 
Class 5  240 – 300 
Class 6  300 – 330 
Class 7  330 – 365 

 

 



 

 

 
C

–4
0

F
inal S

u
pplem

ental E
nviro

nm
ental Im

pact S
tatem

ent on  
R

ock M
ining in

 the Lake B
e

lt R
egion of M

ia
m

i-D
ad

e C
o

unty, F
lorida  

 

Table C–21.  Average Hydroperiod for Wetlands within the Lake Belt, Without Mitigation 
 Alternatives 

Hydroperiod Baseline 1 2 3 4 5 6 7 8 9 
Class 1 (acres)  5,063   5,063  5,289  5,194  5,287  5,219  5,295  5,221  5,422  5,193 

Class 2 (acres)  3,042   3,104  2,648  2,861  2,981  2,896  2,976  2,897  3,096  3,164 

Class 3 (acres)  7,912   7,974  8,511  7,699  5,567  7,265  5,569  7,268  6,246  5,925 

Class 4 (acres)  6,234   6,165  5,614  3,832  3,014  3,844  3,015  3,846  3,408  3,371 

Class 5 (acres) 137  87 75 21 9 4 9 4 4  9 

Class 6 (acres) 34  39 33 2 4 3 4 3 -  4 

Class 7 (acres) 92  81 23 3 3 - 3 - 3  3 

 Total, All Hydroperiods  22,514  22,513 22,193 19,612 16,864 19,232 16,871 19,240 18,179 17,669 
 Lakes in Wetland Area 
(acres)  1 321  2,902  5,650  3,282  5,643  3,274  4,335  4,845 
           
Hydroperiods Days           
Class 1 (0 - 60 days) 151,890  151,890 158,670 155,820 158,598 156,575 158,840 156,636 162,674 155,801 
Class 2 (60 - 120 days) 273,780  279,360 238,320 257,466 268,317 260,640 267,845 260,734 278,649 284,728 
Class 3 (120 – 180 days) 1,186,800  1,196,100 1,276,650 1,154,850 834,975 1,089,819 835,332 1,090,264 936,849 888,805 
Class 4 (180 – 240 days) 1,309,140  1,294,650 1,178,940 804,720 632,855 807,315 633,232 807,727 715,630 707,833 
Class 5 (240 – 300 days) 36,990  23,490 20,250  5,670  2,430  1,080  2,430  1,080  1,080  2,430 
Class 6 (300 – 330 days) 10,710  12,285 10,395 630  1,260 945  1,260 945 -  1,260 
Class 7 (330 – 365 days) 31,970  28,114  7,993  1,043  1,043  -  1,043  -  1,043  1,043 
 Total  3,001,280  2,985,889 2,891,218 2,380,199 1,899,478 2,316,374 1,899,982 2,317,387 2,095,925 2,041,899 
           
Average Number of Wet 
Days per Acre per Year 
a 133.3 132.6 130.3 121.4 112.6 120.4 112.6 120.4 115.3 115.6

a  Average hydroperiod is a weighted average calculated by multiplying the area (excluding lakes) for each hydroperiod class by alternative by the midpoint for the hydroperiod class (e.g., 
30 days for Hydroperiod Class 1).  The product for each hydroperiod class was then summed (e.g., a total of 3,001,280 days for the baseline) and divided by the total area for that 
alternative, excluding lakes (e.g., 3,001,280 days divided by 22,514 acres for the baseline) to get the average hydroperiod in days (133.3 days for the baseline). 

Note: Totals may not add due to rounding. 
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Table C–22.  Average Hydroperiod for Wetlands Within the Lake Belt Groundwater Flow Model and 
Outside the Lake Belt, Without Mitigation 

 Alternatives 

Hydroperiod Baseline 1 2 3 4 5 6 7 8 9 

Class 1 (acres)  2,298   2,314 2,337  2,377 2,377 2,377  2,348  2,348 2,348 2,348 

Class 2 (acres)  639   639  650 638  638  638  639  639 639 639 

Class 3 (acres)  1,144   1,156 1,179  1,226 1,295 1,214  1,322  1,242 1,282 1,282 

Class 4 (acres)  26,932   26,932  26,886 27,017 27,044  27,033  27,021  27,016 27,004 26,998 

Class 5 (acres)  13,002   12,985  13,014 13,096 13,039  13,085  13,045  13,085 13,080 13,068 

Class 6 (acres)  7,829   7,823 7,800  7,861 7,915 7,850  7,892  7,827 7,861 7,863 

Class 7 (acres)  166,400   166,394  166,377 166,029  165,935  166,046  165,975  166,086 166,029 166,044 

 Total, All Hydroperiods  218,243 218,243 218,243 218,243 218,243 218,243 218,243 218,243 218,243 218,243

           

Hydroperiods Days           

Class 1 (0 – 60 days) 68,935  69,419  70,108  71,313 71,313  71,313  70,453 70,453 70,453 70,453 

Class 2 (60 - 120 days) 57,479  57,500  58,498  57,410 57,410  57,410  57,500 57,500 57,500 57,500 

Class 3 (120 – 180 days) 171,538  173,388 176,890  183,871 194,203 182,149  198,357 186,303 192,330 192,330 

Class 4 (180 – 240 days) 5,655,759   5,655,759  5,646,116 5,673,466 5,679,310  5,676,899  5,674,488  5,673,283 5,670,872 5,669,667 

Class 5 (240 – 300 days) 3,510,621   3,505,971  3,513,720 3,535,897 3,520,635  3,533,034  3,522,185  3,533,034 3,531,484 3,528,384 

Class 6 (300 – 330 days) 2,465,980   2,464,172  2,456,940 2,476,220 2,493,102  2,472,604  2,485,869  2,465,371 2,476,220 2,476,829 

Class 7 (330 – 365 days) 57,824,010  57,822,015 57,816,032 57,695,030 57,662,444 57,701,014 57,676,406 57,714,976 57,695,030 57,700,342 

 Total  69,754,322  69,748,225 69,738,303 69,693,208 69,678,417 69,694,423 69,685,258 69,700,919 69,693,888 69,695,504 

           
Average Number of Wet 
Days per Acre per Year a 

319.6 319.6 319.5 319.3 319.3 319.3 319.3 319.4 319.3 319.3 

a  Average hydroperiod is a weighted average calculated by multiplying the area for each hydroperiod class by alternative by the midpoint for the hydroperiod class (e.g., 30 days for 
Hydroperiod Class 1).  The product for each hydroperiod class was then summed (e.g., a total of 69,754,322 days for the baseline) and divided by the total area for that alternative  
(e.g., 68,754,322 days divided by 218,243 acres for the baseline) to get the average hydroperiod in days (319.6 days for the baseline). 

Note: Totals may not add due to rounding. 
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C.8.4 Saltwater Intrusion and Water Budget Analysis 

Analyses were performed to evaluate the impact of increased mining in the Lake Belt area on the 
saltwater intrusion line along the coast of Biscayne Bay. These analyses included (1) evaluation of 
seepage through the transect east of the Lake Belt Area along the saltwater intrusion line; and 
(2) evaluation of groundwater seepage from the Lake Belt Area into the primary canals that pass through 
the Lake Belt Area and discharge into Biscayne Bay.  Table C–23 presents the results of seepage 
analysis along the saltwater intrusion line transect for the existing 2006 conditions and Alternative 8 as a 
representative of the proposed mining alternatives. The results of this analysis indicate insignificant 
change (i.e., less than 0.5 percent) between the existing 2006 conditions and Alternative 8 indicating little 
to no impact to the salt water intrusion line due to possible changes in groundwater discharge because of 
increased mining in the Lake Belt Area.  

Table C–23.  Predicted Seepage to East through the Saltwater Intrusion 
Line Across Lake Belt Area 

Period of Evaluation 
Existing 2006 

Conditions (MGD) 
Alternative 8 

(MGD) 
% change from 
2006 Baseline 

7 - year Averagea 22.5 22.5 0.0 

Dry Period Averageb 15.5 15.5 0.1 

Wet Period Averagec 28.2 28.2 0.0 
a 7-Year Average Period represents the predicted average from January 1989 through December 1995. 
b Dry Period represents the predicted average from June 1989 through May 1990. 
c Wet Period represents the predicted average from January 1995 through December 1995. 
Key: MGD = million gallons per day. 

Table C–24 presents results of analysis for seepage without mitigation to the primary canals that pass 
through the Lake Belt and then discharge to Biscayne Bay. The results do not indicate a significant 
change (i.e., less than 3 percent for the 7-year average) in the amount of groundwater recharge to the 
Miami and Tamiami Canals as mining is increased in the Lake Belt. This is shown in this table through a 
comparison of recharge under existing 2006 conditions and under Alternative 8 as a representative of the 
proposed mining alternatives. 

Table C–24.  Comparison of Predicted Recharge to the Primary Canals Flowing Into 
Biscayne Bay After Passing Through the Lake Belt Without Seepage Mitigation 

 2006 Existing Conditions Alternative 8 

Period of Evaluation Miami 
Canal 
(MGD) 

Tamiami 
Canal 
(MGD) 

Total 
(MGD) 

Miami 
Canal 
(MGD) 

Tamiami 
Canal 
(MGD) 

Total 
(MGD) 

Percent 
Change in 
Total from 

2006 

7 - year Average a 34.9 26.1 61.0 35.4 27.2 62.7 2.7%

Dry Period Average b 22.6 3.5 26.1 23.6 -1.1 22.5 -13.7%

Wet Period Average c 48.2 54.9 103.1 47.3 60.9 108.3 5.0%
a 7-Year Average Period represents the predicted average from January 1989 through December 1995. 
b Dry Period represents the predicted average from June 1989 through May 1990. 
c Wet Period represents the predicted average from January 1995 through December 1995. 
Key: MGD = million gallons per day. 

C.8.5 Mitigation Effectiveness Analysis 

In order to offset the impacts of additional mining, three possible seepage mitigation plans were initially 
evaluated. The possible mitigation plans were proposed by the miners in August 2008 (see Appendix H to 
the Final Lake Belt SEIS) and are summarized as follows:  

Plan 1 – Install a barrier wall. Under this seepage mitigation plan an impervious barrier would be 
constructed through the six model layers (Layers 2 through 7) on the east side of the L-30 Canal 



 
Appendix C ▪ Lake Belt Groundwater Flow Modeling 

 C–43  

starting from the Miami Canal and ending just east of the north-south section of the NWWF Recharge 
Canal. 

Plan 2 – Re-circulate water from an existing quarry lake water into the L-30 Canal.  Under this 
seepage mitigation plan, water from an existing lake would be pumped to the L-30 Canal when 
necessary to maintain a certain stage in the L-30 Canal.  

Plan 3 – Re-circulate water from an existing quarry lake into a new Dade-Broward Levee Recharge 
(DBLR) Canal.  This seepage mitigation plan would require construction of a new canal and levee just 
east of the remnants of the Dade-Broward Levee, a new water control structure where the proposed 
DBLR Canal would intersect the NWWF Recharge Canal, and a new pump to move water from a 
nearby quarry lake to the new canal.  Simulations were performed assuming 60 MGD of water was 
pumped continuously out of Lake 38 into the new DBLR Canal.  The proposed DBLR Canal would 
begin at the corner where the NWWF Recharge Canal turns east and run from north to south until it 
ends at the NW 25th Street Canal to the south.  The new DBLR Canal was modeled using a dummy 
river to represent a 60 MGD constant recharge along the new Dade-Broward Levee south of the 
NWWF Recharge Canal. 

Simulations were performed for all of the proposed seepage mitigation plans. These mitigation plans were 
compared with the baseline (existing 2006 conditions) and mining Alternative 3 to estimate the projected 
effect of the different mitigation plans on seepage.  As shown in Table C–25, seepage rates for the 
transects above Tamiami Trail are expected to be reduced with implementation of Mitigation Plan 1 or 3 
when compared to the mining alternative without mitigation.  However, Mitigation Plan 2 is expected to 
increase seepage across these transects.  None of the proposed seepage mitigation plans would 
decrease seepage below Tamiami Trail. 

Table C–25.  Predicted 7-Year Average Seepage Ratesa from Different Sections  
for Proposed Seepage Mitigation Plans 

Alternative 

Representative Mining 
Alternative Without 

Mitigation 

Plan 1 - Seepage 
Barrier along the  

L-30 Canal and the 
NWWF Recharge 

Canal 

Plan 2 - Recharge 
the L-30 Canal from 

a Quarry Lake 

Plan 3 - Dade-
Broward Levee 
Recharge Canal 

Transects 
for 

Evaluating 
Seepage 

Existing 
2006 

Cond. 
(MGD) 

Proj. 
Seepage 

(MGD) 

Percent 
Change 

from 
Baseline 

Proj. 
Seepage 

(MGD) 

Percent 
Change 

from 
Baseline 

Proj. 
Seepage 

(MGD) 

Percent 
Change 

from 
Baseline 

Proj. 
Seepage 

(MGD) 

Percent 
Change 

from 
Baseline 

Mine-Out Areas North of Tamiami Trail 
L-30 Canal 
to east 

92.9 105.7 13.7% 83.8 -9.8% 115.3 24.1% 93.5 0.7% 

L-30 Canal 
to Pennsuco 
Wetlands 

88.4 99.6 12.6% 94.9 7.3% 106.9 20.9% 85.7 -3.1% 

Pennsuco 
Wetlands to 
south & east 

86.3 97.5 13.0% 92.9 7.7% 104.7 21.3% 83.3 -3.5% 

Krome Avenue Area (South of Tamiami Trail) 
L-31N Canal 
to east 

31.7 39.6 24.9% 39.6 24.9% 39.4 24.4% 39.4 24.4% 

a Average seepage rates represent the predicted average from 1989 through 1995 (i.e., the period of simulation). 
Key: Cond.=Conditions; MGD=million gallons per day; Proj.=Projected. 

Mitigation Plan 1 is projected to decrease seepage rates across all transects north of Tamiami Trail 
compared with the mining alternative without mitigation.  The largest decrease is expected along the 
transect from the L-30 Canal to the east.  Across this transect, seepage is expected to decline by about 
10 percent compared with the baseline. Along the Pennsuco Wetlands, seepage is expected to decrease 
compared with the mining alternative without mitigation, but is still expected to increase by 7–8 percent 
compared with the baseline.  
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Mitigation Plan 2 is projected to increase seepage rates across all transects north of Tamiami Trail 
compared with the mining alternative without mitigation. This is due to the increased amount of water 
flowing down the L-30 Canal. As the water levels in the L-30 Canal are increased, additional seepage is 
expected to occur from the L-30 Canal to the east and the Pennsuco Wetlands. The largest increase is 
expected along the transect from the L-30 Canal to the east.  Across this transect, seepage is expected to 
increase by 24 percent compared with the baseline. Along the Pennsuco Wetlands, seepage is expected 
to increase compared with the mining alternative without mitigation and is expected to increase by 
approximately 21 percent compared with the baseline.  

Mitigation Plan 3 is projected to decrease seepage rates across all transects north of Tamiami Trail 
compared with the mining alternative without mitigation and from the Pennsuco Wetlands compared with 
the baseline.  The largest decrease is expected along the transect from the Pennsuco Wetlands to the 
south and east.  Across this transect, seepage is expected to decrease by approximately 4 percent 
compared with the baseline.  From the L-30 Canal to the east, seepage is expected to increase by less 
than 1 percent compared with the baseline.  

Based on this analysis, additional information was requested from the MDLPA regarding Mitigation Plan 3 
since this plan was predicted to best offset expected seepage losses.  This information was developed by 
the MDLPA in November 2008 (see Appendix H).  Under this plan, the miners would pay to excavate the 
DBLR Canal from the intersection of the NWWF Recharge Canal and the Dade-Broward Levee to the 
north to the theoretical location of NW 25th Street to the south if it were to extend to the Dade-Broward 
Levee.  The 6.5-mile canal would be constructed on land owned by the miners and would require a 
100-foot corridor containing a 55-foot-wide canal with elevated berms on both sides.  Approximately 
86 acres of wetlands would be converted to the canal.  A special-purpose entity would need to be 
established to construct and maintain the canal using funds set aside by the miners. 

C.8.5.1 Seepage Mitigation Analysis of Proposed Seepage Mitigation Plan 3 – 
Construction and Operation of a Dade/Broward Levee Recharge Canal 

Four additional scenarios were evaluated with respect to the proposed DBLR Canal seepage mitigation 
plan. These scenarios are: 

1. Construction and operation of the proposed DBLR Canal with a 60 MGD extraction from Lake 38 
located near the Miami Canal north of the NWWF Recharge Canal (see Figure C–34); 

2. Construction and operation of the proposed DBLR with a 60 MGD extraction from Lake 39 
located away from the Miami Canal and south of the NWWF Recharge Canal (see Figure C−35);  

3. Inclusion of an additional exclusion area of approximately 500 acres in between the Miami Canal 
and the NWWF Recharge Canal (see Figure C−36); and 

4. Construction and operation of the proposed DBLR with a 60 MGD extraction from Lake 39 and 
inclusion of an additional exclusion area between the Miami Canal and the NWWF Recharge 
Canal. 

For this analysis, Alternative 8 was chosen as a representative of the proposed mining alternatives being 
evaluated in the SEIS.  The seepage evaluation results for the four scenarios (three scenarios with the 
proposed DBLR Canal and one scenario with less mining from the triangular section between the Miami 
Canal and L-30 Canal) are presented in Tables C–26, C–27, and C–28 for average, dry, and wet periods, 
respectively.  
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Table C–26.  Predicted 7-year Average Seepage Ratesa for Alternative 8 with Different Seepage Mitigation 
Scenarios Involving Construction and Operation of the Proposed Dade-Broward Levee Recharge Canal  

Alternative 8 

Without Mitigation 

Mitigation by Reducing 
Mining in the Triangle 
Area above the NWWF 

Recharge Canal 

Mitigation Plan 3 
(DBLR Canal) Pumping 
from Lake 39 south of 

NWWF Recharge 
Canal 

Mitigation Plan 3 
(DBLR Canal) Pumping 
from Lake 38 north of 

NWWF Recharge 
Canal 

Mitigation Plan 3 (DBLR 
Canal) Pumping from 

Lake 39 and Less Mining 
from Triangle Area 

Transect 

Existing 
2006 

Conditions 
(MGD) MGD 

Change from 
2006 MGD 

Change 
from 2006 MGD 

Change 
from 2006 MGD 

Change 
from 2006 MGD 

Change from 
2006 

Mine-out Areas North of Tamiami Trail 

L-30 Canal to east 92.9 110.8 19.3% 108.4 16.7% 101.3 9.0% 100.0 7.7% 98.9 6.4% 

L-30 Canal to Pennsuco 88.4 101.3 14.5% 100.3 13.4% 90.8 2.6% 88.5 0.1% 90.0 1.8% 

Pennsuco to south and 
east 

86.3 99.3 15.1% 98.3 13.9% 88.4 2.5% 86.1 -0.2% 87.7 1.6% 

Krome Avenue Area (South of Tamiami Trail) 

L-31N to east 31.7 36.0 13.7% 36.0 13.7% 36.0 13.7% 36.0 13.7% 36.0 13.7% 
a   Average seepage rates represent the predicted average from 1989 through 1995 (i.e.: the period of simulation). 
Key: DBLR=Dade-Broward Levee Recharge; ENP=Everglades National Park; MGD=million gallons per day; NWWF=Northwest Wellfield.  

Table C–27.  Predicted Dry Period Average Seepage Ratesa for Alternative 8 with Different Seepage Mitigation 
Scenarios Involving Construction and Operation of the Proposed Dade-Broward Levee Recharge Canal  

Alternative 8 

Without Mitigation 

Mitigation by Reducing 
Mining in the Triangle 
Area above the NWWF 

Recharge Canal 

Mitigation Plan 3 
(DBLR Canal) Pumping 
from Lake 39 south of 

NWWF Recharge 
Canal 

Mitigation Plan 3 
(DBLR Canal) Pumping 
from Lake 38 north of 

NWWF Recharge 
Canal 

Mitigation Plan 3 (DBLR 
Canal) Pumping from 

Lake 39 and Less Mining 
from Triangle Area 

Transect 

Existing 
2006 

Conditions 
(MGD) MGD 

Change from 
2006 MGD 

Change 
from 2006 MGD 

Change 
from 2006 MGD 

Change 
from 2006 MGD 

Change from 
2006 

Mine-out Areas North of Tamiami Trail 

L-30 Canal to east 73.4 88.0 19.8% 85.9 16.9% 77.7 5.8% 76.2 3.8% 75.5 2.8% 

L-30 Canal to Pennsuco 81.6 90.6 11.1% 90.2 10.5% 79.2 -2.9% 76.6 -6.1% 78.9 -3.2% 

Pennsuco to south and 
east 

74.6 84.0 12.6% 83.5 11.9% 71.7 -3.9% 68.9 -7.7% 71.5 -4.2% 

Krome Avenue Area (South of Tamiami Trail) 

L-31N to east 32.6 36.2 11.1% 36.2 11.1% 36.2 11.1% 36.2 11.1% 36.2 11.1% 
a   Average seepage rates for the dry period represent the predicted average from June 1989 through May 1990. 
Key: DBLR=Dade-Broward Levee Recharge; ENP=Everglades National Park; MGD=million gallons per day; NWWF=Northwest Wellfield. 
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Table C–28.  Predicted Wet Period Average Seepage Ratesa for Alternative 8 with Different Seepage Mitigation Scenarios 
Involving Construction and Operation of the Proposed Dade-Broward Levee Recharge Canal  

Alternative 8 

Without Mitigation 

Mitigation by 
Reducing Mining in 
the Triangle Area 
above the NWWF 
Recharge Canal 

Mitigation Plan 3 
(DBLR Canal) 

Pumping from Lake 
39 south of NWWF 

Recharge Canal 

Mitigation Plan 3 
(DBLR Canal) 

Pumping from Lake 
38 north of NWWF 
Recharge Canal 

Mitigation Plan 3 
(DBLR Canal) 

Pumping from Lake 
39 and Less Mining 
from Triangle Area 

Transect 

Existing 
2006 

Conditions 
(MGD) MGD 

Change 
from 2006 MGD 

Change 
from 2006 MGD 

Change 
from 2006 MGD 

Change 
from 2006 MGD 

Change 
from 2006 

Mine-out Areas North of Tamiami Trail 

L-30 Canal to east 98.3 123.5 25.7% 120.8 22.9% 115.7 17.7% 114.8 16.8% 113.0 15.0%
L-30 Canal to 
Pennsuco 

87.7 107.6 22.7% 106.3 21.2% 98.9 12.7% 97.0 10.6% 97.8 11.5%

Pennsuco to south and 
east 

107.9 127.3 18.0% 126.0 16.8% 118.4 9.7% 116.5 8.0% 117.3 8.7%

Krome Avenue Area (South of Tamiami Trail) 

L-31N to east 30.5 35.2 15.4% 35.2 15.4% 35.2 15.4% 35.2 15.4% 35.2 15.4%
a   Average seepage rates for the wet period represent the predicted average from January 1995 through December 1995. 
Key: DBLR=Dade-Broward Levee Recharge; ENP=Everglades National Park; MGD=million gallons per day; NWWF=Northwest Wellfield. 
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Figures C–37 and C–38 show the hydroperiod class distribution for the average period for Alternative 8 
with mitigation Scenario 1 and a graphic representation of the predicted hydroperiod class difference 
between Alternative 8 with mitigation Scenario 1 and the Baseline, respectively. Figures C–39 and C–40 
show the hydroperiod class distribution for the average period for Alternative 8 with mitigation Scenario 2 
and a graphic representation of the predicted hydroperiod class difference between Alternative 8 with 
mitigation Scenario 2 and the Baseline, respectively. Figures C–41 and C–42 show the hydroperiod class 
distribution for the average period for Alternative 8 with mitigation Scenario 3 and a graphic 
representation of the predicted hydroperiod class difference between Alternative 8 with mitigation 
Scenario 3 and the Baseline, respectively. Figures C–43 and C–44 show the hydroperiod class 
distribution for the average period for Alternative 8 with mitigation Scenario 4 and a graphic 
representation of the predicted hydroperiod class difference between Alternative 8 with mitigation 
Scenario 4 and the Baseline, respectively. The predicted hydroperiod class distribution for the dry and 
wet periods for these four mitigation scenarios are provided in the attached CD as supporting information 
to this appendix (see files in the folder named D:\\Appendix C Figures\Mitigation\Hydroperiod). 

Table C–29 shows the average hydroperiod for wetlands within the Lake Belt under average hydrologic 
conditions for Baseline, Alternative 8 without mitigation, and Alternative 8 with the four evaluated 
mitigation scenarios associated. As shown in this table, all of the proposed mitigation scenarios are 
predicted to improve hydroperiods in the Lake Belt compared to Alternative 8 without mitigation. This is 
supported by the graphic representation of the hydroperiod class difference between Alternative 8 with 
mitigation Scenario 4 and Alternative 8 without mitigation (see Figure C–45). 

C.8.6 Cumulative Seepage Impact Analysis 

Two additional mines south of Tamiami Trail and below the Lake Belt have been proposed that do not 
require USACE permits but could increase seepage in the Lake Belt. Simulations were performed to 
evaluate the cumulative impact from these two lakes south of the Tamiami Trail but within the Lake Belt 
Groundwater Flow Model domain. Alternatives 1 and 3 were chosen for this analysis. In addition, two 
lakes (northern and southern) have been proposed as part of an expansion of the Corrections Facilities 
south of Tamiami Trail and to the north of the Krome mine within the Lake Belt.  These proposed lakes 
were also evaluated using Alternative 1 and Alternative 3 to address cumulative seepage impacts in 
conjunction with the mining alternatives included in the SEIS. The results of this analysis are presented in 
Tables C–30, C–31, and C–32 for average, dry and wet periods, respectively. As shown in these tables, 
seepage below Tamiami Trail would be expected to increase by approximately 9 to 18 percent compared 
to 2006 existing conditions without these lakes (under average hydrologic conditions), and by 10 to 
18 percent when additional mining is assumed in the Lake Belt as represented by Alternative 3 (under 
average hydrologic conditions).  Seepage above Tamiami Trail is not expected to be affected by the 
inclusion of these lakes as shown in the tables. 
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Table C–29.  Hydroperiod Allocations for Wetlands Within the Lake Belt Area Under 
Average Hydrologic Conditions with the Proposed Dade-Broward Levee Recharge Canal 

Alternative 8 

Hydroperiod 

Existing 
2006 

Conditions 
Without 

Mitigation 

Mitigation 
Plan 3 
(DBLR 
Canal) 

Pumping 
from Lake 
38 north of 

NWWF 
Recharge 

Canal 

Mitigation 
Plan 3 
(DBLR 
Canal) 

Pumping 
from Lake 

39 south of 
NWWF 

Recharge 
Canal 

Mitigation 
by Reducing 

Mining in 
the Triangle 
Area above 
the NWWF 
Recharge 

Canal 

Mitigation 
Plan 3 
(DBLR 
Canal) 

Pumping 
from Lake 

39 and Less 
Mining from 

Triangle 
Area 

 Acres 

Class 1 5,063  5,422 4,440  4,537  5,243   4,510 

Class 2 3,042  3,096 1,267  1,530  2,944   1,375 

Class 3 7,912  6,246 7,338  7,339  6,604   7,568 

Class 4 6,234  3,408 5,130  4,772  3,537   4,880 

Class 5  137   4 5  3  6   4 

Class 6  34   -  - - -  - 

Class 7  92   3  - -  3  - 

Lakes  -  4,335 4,334 4,333 4,177 4,177

 Total, All Hydroperiods   22,514   22,514 22,514 22,514 22,514 22,514

 Hydroperiod (days) 

Class 1 (0–60 days)  151,890   162,674  133,199 136,117 157,304      135,314 

Class 2 (60–120 days)  273,780   278,649  114,048 137,716 264,969      123,759 

Class 3 (120–180 days) 1,186,800   936,849 1,100,628  1,100,859 990,549   1,135,149 

Class 4 (180–240 days) 1,309,140   715,630 1,077,362  1,002,022 742,720   1,024,750 

Class 5 (240–300 days)  36,990  1,080 1,350 810  1,620         1,080 

Class 6 (300–330 days)  10,710   -  - - -              -  

Class 7 (330–365 days)  31,970  1,043  -  -  1,043   -

Total  3,001,280  2,095,925 2,426,587  2,377,524  2,158,205  2,420,052  
Average Hydroperiod 
per Acre for Remaining 
Wetlands (days)e 

133.3 115.3 133.5 130.8 117.7 132.0

a Average hydroperiod is a weighted average calculated by multiplying the area for each hydroperiod class by alternative by the 
midpoint for the hydroperiod class (e.g., 30 days for Hydroperiod Class 1).  The product for each hydroperiod class was then 
summed (e.g., a total of 3,001,280 days for the baseline) and divided by the total area for that alternative, excluding lakes  
(e.g., 3,001,280 days divided by 22,514 acres for the baseline) to get the average hydroperiod in days (133.3 days for the 
baseline). 

Note: Totals may not add due to rounding. 
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Table C–30.  Cumulative Impact Analysis: Predicted 7-Year Average Seepage Ratesa  
Including Additional Lakes Proposed in the Vicinity of the Lake Belt 

Existing Conditions 
Cumulative Impacts for Existing 2006 

Conditions Cumulative Impacts for Alternative 3 

2006 
Existing 

Conditions Alternative 3 

Existing 2006 
Conditions + Two 

New Lakes South of 
the Lake Belt Along 

the L31N Canal 

Existing 2006 
Conditions + Two 
New Lakes + Two 

Additional 
Excavations in the 

Vicinity of the 
Corrections Facility 

Alternative 3 + Two 
New Lakes South of 
the Lake Belt Along 

the L31N Canal 

Alternative 3 + Two 
New Lakes + Two 

Additional 
Excavations in the 

Vicinity of the 
Corrections Facility 

Transect MGD MGD 
Change 

from 2006 MGD 
Change 

from 2006 MGD 
Change 

from 2006 MGD 
Change 

from 2006 MGD 
Change 

from 2006 

Mine-out Areas North of Tamiami Trail 

L-30 Canal to east 92.9 105.7 13.7% 92.9 0.0% 92.8 -0.1% 105.6 13.7% 105.5 13.6%

L-30 Canal to Pennsuco 88.4 99.6 12.6% 88.4 0.0% 88.4 0.0% 99.6 12.6% 99.6 12.6%
Pennsuco to south and 
east 

86.3 97.5 13.0% 86.3 0.0% 86.3 0.0% 97.5 13.0% 97.5 13.0%

Krome Avenue Area (South of Tamiami Trail) 

L-31N Canal to east 31.7 39.6 24.9% 34.7 9.5% 37.4 18.0% 42.6 34.6% 45.2 42.6%
a   7-Year average seepage rates represent the predicted average from 1989 through 1995 (i.e.: the period of simulation). 
Key: %=percent; MGD=million gallons per day. 
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Table C–31.  Cumulative Impact Analysis: Predicted Dry Period Average Seepage Ratesa  
Including Additional Lakes Proposed In the Vicinity of the Lake Belt 

Existing Conditions 
Cumulative Impacts for Existing 2006 

Conditions Cumulative Impacts for Alternative 3 

2006 
Existing 

Conditions Alternative 3 

Existing 2006 
Conditions + Two 

New Lakes South of 
the Lake Belt Along 

the L31N Canal 

Existing 2006 
Conditions + Two 
New Lakes + Two 

Additional 
Excavations in the 

Vicinity of the 
Corrections Facility 

Alternative 3 + Two 
New Lakes South of 
the Lake Belt Along 

the L31N Canal 

Alternative 3 + Two 
New Lakes + Two 

Additional 
Excavations in the 

Vicinity of the 
Corrections Facility 

Transect MGD MGD 
Change 

from 2006 MGD 
Change 

from 2006 MGD 
Change 

from 2006 MGD 
Change 

from 2006 MGD 
Change 

from 2006 

Mine-out Areas North of Tamiami Trail 

L-30 Canal to east 73.4 84.0 14.4% 73.4 0.0% 72.8 -0.8% 84.0 14.4% 83.4 13.6%
L-30 Canal to 
Pennsuco 

81.6 90.5 11.0% 81.6 0.0% 81.6 0.0% 90.5 11.0% 90.5 11.0%

Pennsuco to south and 
east 

74.6 83.9 12.4% 74.6 0.0% 74.6 0.0% 83.9 12.4% 83.9 12.4%

Krome Avenue Area (South of Tamiami Trail) 

L-31N Canal to east 32.6 39.2 20.1% 35.4 8.6% 37.8 15.8% 42.0 28.9% 44.2 35.7%
a   Average seepage rates for the dry period represent the predicted average from June 1989 through May 1990. 
Key: %=percent; MGD=million gallons per day. 
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Table C–32.  Cumulative Impact Analysis: Predicted Wet Period Average Seepage Ratesa  
Including Additional Lakes Proposed In the Vicinity of the Lake Belt 

Existing Conditions 
Cumulative Impacts for Existing 2006 

Conditions Cumulative Impacts for Alternative 3 

2006 
Existing 

Conditions Alternative 3 

Existing 2006 
Conditions + Two 

New Lakes South of 
the Lake Belt Along 

the L31N Canal 

Existing 2006 
Conditions + Two 
New Lakes + Two 

Additional 
Excavations in the 

Vicinity of the 
Corrections Facility 

Alternative 3 + Two 
New Lakes South of 
the Lake Belt Along 

the L31N Canal 

Alternative 3 + Two 
New Lakes + Two 

Additional 
Excavations in the 

Vicinity of the 
Corrections Facility 

Transect MGD MGD 
Change 

from 2006 MGD 
Change 

from 2006 MGD 
Change 

from 2006 MGD 
Change 

from 2006 MGD 
Change 

from 2006 

Mine-out Areas North of Tamiami Trail 

L-30 Canal to east 98.3 116.9 18.9% 98.3 0.0% 98.4 0.1% 116.9 18.9% 117.0 19.0%
L-30 Canal to 
Pennsuco 

87.7 104.2 18.8% 87.7 0.0% 87.7 0.0% 104.2 18.8% 104.2 18.8%

Pennsuco to south and 
east 

107.9 123.9 14.9% 107.9 0.0% 107.9 0.0% 123.9 14.9% 123.9 14.9%

Krome Avenue Area (South of Tamiami Trail) 

L-31N Canal to east 30.5 39.1 28.1% 33.4 9.5% 36.1 18.4% 42.0 37.7% 44.6 46.1%
a   Average seepage rates for the wet period represent the predicted average from January 1995 through December 1995. 
Key: %=percent; MGD=million gallons per day. 
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C.9 MODEL ASSUMPTIONS / LIMITATIONS AND APPLICABILITY 

A numerical groundwater model is the quantitative transformation of a physical system representing 
complex hydrogeologic conditions of a site.  Therefore, it represents a modeler’s understanding of the 
subsurface flow system, which may deviate from the actual system.  For example, the Lake Belt 
Groundwater Flow Model assumes a seven-layer configuration for the subsurface geology with several 
layers assigned uniform thicknesses and similar properties.  It is understood that this simplification of the 
subsurface geology represents a limitation in the model.  In spite of these limitations, the Lake Belt 
Groundwater Flow Model is verified to reasonably capture regional flow patterns, and the model was 
considered applicable for the present study. 

C.9.1 Constraining Limitations/Assumptions 

The groundwater flow model used in this SEIS is a mathematical representation of groundwater flow 
within a complex hydrogeologic setting. The model itself is complex yet is limited in its ability to replicate 
flow within the model domain. At present, no model can predict flow in such a system; however, the Lake 
Belt Groundwater Flow Model is a valuable decision-making aid if the key limitations and assumptions are 
considered.  The model has been tailored to the Lake Belt area with the incorporation of the wetland 
package, the model layer configuration accounts for the conditions known at the time of construction (and 
later), and the model domain includes the mining area and surrounding region to assess regional impacts. 
The model is calibrated and can simulate the hydrologic effects caused by mining to the extent necessary 
to allow comparative analysis of the different mining alternatives.  

The key limitations/assumptions of the Lake Belt Groundwater Flow Model are presented below. 

• The model is only calibrated to a comprehensive set of water level data without considering 
calibration of stages or hydraulic gradients. 

• At some gauges, data exist over only a fraction of the total period of record and result in statistics 
that may not be indicative of model accuracy over the entire period of record. 

• The observed groundwater levels used for model calibration represent the daily maximum values 
(the only groundwater levels published by the USGS) compared to water levels at the end of each 
time step (i.e., day) computed by the model. 

• Because MODFLOW is a finite-difference model, it cannot reproduce groundwater levels 
observed in the immediate vicinity of a pumping well due to limitations imposed by the spatial 
resolution of the model. 

• The model is not an accurate representation of the complex heterogeneous flow system of the 
Biscayne Aquifer because the rock properties (e.g., porosity and permeability) vary both laterally 
and vertically throughout the Lake Belt area. 

• The model will not accommodate proposed turbulent flow or conduit network. 

• The model has a “square” footprint at the base of lake cells with vertical walls projected 
throughout all layers.  It does not account for rock left in place for littoral shelves or sloped quarry 
walls.  

• Simulations are performed based on 8 years (1988 through 1995) of hydrologic data, assuming 
these data to be repeated continuously over a longer period of time (e.g., for up to 50 years). 

• Instead of gradual completion of the mining alternatives, each simulation assumes completion of 
an alternative at one time (i.e., the simulation does not account for time varying changes in the 
lake footprints). 
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• “New” lake bottoms are assigned a depth of approximately 80 feet (i.e., projected into layer 6 of 
the model). 

• The top surface of the muck was assumed as the ground surface, and the monitoring wells were 
assigned to a model layer accordingly for verification (see Section C.7). 

• Simulation results were output every 5 days to conserve computer storage (see Section C.8). 
Hydroperiod class was determined using these results.  Seepage was estimated using these 
results for the seepage analysis. 

• The top surface of the muck was assumed as the ground surface, and a ponding depth of 
5 centimeters for wood stork foraging was considered for the hydroperiod analysis (see 
Section C.8). 

Not withstanding these limitations, the model is calibrated and can simulate the hydrologic effects caused 
by mining.  In addition, the model simulates regional flow patterns quite reasonably. The model is 
considered adequate for comparative analyses and the calculated seepage quantities are useable (with 
limitations considered) for a comparative assessment of the proposed mining alternatives. 

C.9.2 Usefulness of the Model 

For the Lake Belt SEIS, the usefulness and applicability of the Lake Belt Groundwater Flow Model is in its 
ability to assess relative changes to baseline conditions of groundwater flow with incremental changes in 
the mining footprint.  To be useful for the SEIS, the model must produce consistent results in each model 
run reflective of the proportional changes in baseline conditions as rock is mined.  The ability of the model 
to be reconfigured to predict different mining scenarios is critical in allowing comparative analyses of the 
proposed mining alternatives.  By the use of a fixed set of measurement points at well placed locations 
(i.e., the transects), the changes in flow can be assessed over time.  The positioning of the transects at 
locations likely impacted by changes in groundwater flow, such as the primary canals bounding the 
proposed mining area, result in modeling results that are considered useful for decision-makers.  The 
comparative analyses of seepage presented in Chapters 4 (without mitigation) and 5 (with mitigation) of 
the SEIS allows quantification of the modeled change in groundwater flow, but most importantly, gives 
indications of areas within the model domain of predicted greater or lesser impact from the proposed 
mining.  With this information, decisions can be made and plans designed to monitor for those predicted 
changes as additional mining progresses if any additional mining is permitted.  At the appropriate time, 
the model should be revised to incorporate the conclusions of the ongoing studies of the flow regime 
within the Lake Belt and the results of the planned monitoring of actual changes to groundwater flow, thus 
improving the usefulness of the model.  The ability to make these changes to the model is dependent on 
additional work being done by the USGS and others, and the data from this work is not expected to be 
available for a number of years. 
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Appendix C ǐ Lake Belt Groundwater Flow Modeling 
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Figure C–19.  Predicted Hydroperiod Difference between Alternative 2 Under Average 

Conditions and the Baseline 
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Figure C–20.  Predicted Hydroperiods for Alternative 3 Under Average Conditions




















































