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Figure 5–10.  East Everglades Acquisition Lands 

Fill Removal Areas=bold outline with crosshatching 
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Figure 5–11.  Pine Island 

Restoration of the Old Tamiami Trail west of L-67 (see Figure 5–12) to wet prairie by removal of an old 
roadbed and filling a canal would likely produce 45 credits through direct mitigation.  An additional 
120 credits through secondary improvements to hydrology in the surrounding areas may also be 
produced.  This project is considered to have a moderate priority.  

 
Figure 5–12.  Old Tamiami Trail Removal West of the L-67 Canal Extension 

Purchase of mitigation credits is proposed through the Hole-in-the-Donut in-lieu-fee program for wetland 
impacts in Miami-Dade County.  This program involves restoration of former agricultural land currently 
colonized by the invasive Brazilian pepper.  Purchasing mitigation for 3,000 acres within  
Hole-in-the-Donut would provide 1,560 credits.   

Reportedly, there are 6,100 total credits at Hole-in-the-Donut, with 2,678 available as of May 2007.  
Approximately 309 credits have already been reserved at Hole-in-the-Donut for ongoing mitigation 
activities.  The USACE has previously issued Regional General Permit SAJ-74 for wetland fill activities 
within Bird Drive Basin, establishing that mitigation be conducted in the Hole-in-the-Donut mitigation area. 
There are approximately 400 acres remaining in Bird Drive Basin, requiring 400 credits from  
Hole-in-the-Donut for mitigation.  DERM has identified that the North Trail project will require an additional 
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400 credits to offset impacts over approximately 150 acres at that location.  Based on this information, 
1,569 credits would remain, meaning that there are sufficient credits available at Hole-in-the-Donut to 
meet the identified demands.  

An additional 900 credits through secondary improvements to hydrology through plugging abandoned 
canals that cut through Cape Sable have been proposed under the MDLPA mitigation plan 
(MDLPA 2007).  The canal plugs that existed currently have been eroding, leading to salt water intrusion 
into marshes behind Cape Sable.  Tidal exchange via the canals currently allows salt water to penetrate 
the interior forming brackish marshes that result in freshwater marsh erosion and subsidence as well as a 
conversion to mangroves.  Additionally, the brackish marsh areas behind Cape Sable are critical habitat 
for the endangered American crocodile and continued intrusion may increase salinity to levels above the 
optimum for juvenile crocodiles.   

At this time, the Cape Sable project was afforded lower priority, only as one of the final mitigation projects 
for consideration because it consists of conversion of an existing wetland type to another through 
changes in hydrology and does not directly provide in-kind mitigation for wet prairie habitat.  As this would 
require a straight purchase of credits, this would have a moderate priority because all high priority 
mitigation, if available, should be completed first.   

Five additional miscellaneous ENP projects for which acreage/ecological lift would need to be determined 
were identified as potentially valuable restoration projects.  These projects primarily consist of hydrologic 
restoration or improvements.  The projects include the Turner River sites (restore hydrology with road 
culverts and canal plugs), Loop Road (canal plug), Barron River (add culverts and weirs), Janes Scenic 
Drive (culverts), and Ten Thousands Island NWR (exotics removal and ditch and canal filling). 

5.2.2.4 Summary of Mitigation Credits 

The compensation required to offset impacts from limestone mining in the Lake Belt mining area for the 
different alternatives is shown in Table 5–6.  Existing Pennsuco Wetlands mitigation has already provided 
664 habitat units and is likely to provide an additional 37 habitat units by the end of Alternative 1.  An 
additional 714 habitat units (including the 37 habitat units that could be credited for 2007) is likely to be 
provided from Pennsuco Wetlands acquisition and enhancement that would be applied to the other 
alternatives, if implemented, as shown in Table 5–9.  Assuming no mitigation opportunities exist within 
either the 8.5 Square Mile Area or the L-31N Transition Lands, sufficient mitigation credits exist under the 
provided mitigation plan for Alternative 1, Alternative 2, and Alternative 3.  If mitigation is available within 
the 8.5 Square Mile Area or the L-31N Transition Lands, then sufficient mitigation should exist for 
Alternatives 5 and 7 and may be sufficient to offset Alternative 6, depending on the amount of mitigation 
available in these areas.  Alternative 4, which equates to the full Lake Belt Mining Plan would not have 
sufficient mitigation (short by 95 to 702 habitat units) based on the above evaluation.  However, 
consideration may be given in the future for mitigation credit for the Cape Sable project with additional 
justification or for future projects that may be proposed.  Additionally, a substantial number of additional 
mitigation credits could be available from the Everglades Mitigation Bank beyond the 900 credits already 
included in Table 5–9, in the event insufficient mitigation is available from these or other (as yet identified) 
mitigation projects.  

The conclusion from this analysis is that sufficient mitigation options exist to accommodate the full range 
of wetland impacts proposed in this SEIS Alternatives 1 through 7.  It is presumed that as time goes on, 
and the Lake Belt Mitigation Committee continues its analysis of availability and benefits and detriments 
of use of various sites, that some changes to the project list may occur but that, in general, there are 
sufficient potential mitigation actions to draw upon to offset the loss of habitat units estimated to result 
from the implementation of any of the Lake Belt area mining alternatives. 
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Table 5–9.  Estimated Mitigation Credits after Evaluation of the MDLPA Mitigation Plan 

Proposed Mitigation Activity Priority 

Estimated 
Mitigation 

Credits 
Littoral Shelves High a 
Pennsuco Wetlands – existing b 664 
Pennsuco Wetlands – proposed High 714 
Outside Everglades National Park 

8.5 Square Mile Area—exotic vegetation management Lowc 410 
8.5 Square Mile Area—exotic vegetation management and fill removal Lowc 245 
L-31N Transition Lands—exotic vegetation management and fill removal Lowc 570–1140 
Southern Glades—exotic vegetation management Moderate 74–111 
Aerojet Complex—exotic vegetation management and fill removal Moderate 30 
Old Fish Farm—exotic vegetation management Moderate 25 
Old Fish Farm—exotic vegetation management and fill removal/fishway fill Moderate 26 

   Everglades Mitigation Bank Low 900 
Inside Everglades National Park 
Direct Impacts 

East Everglades Acquisition Moderate 275 
Pine Island Moderate 70 
Hardwood Hammocks – Tree Islands Moderate 10 
Hole in the Donut Moderate 1,560 
Tamiami Trail Removal Moderate 45 

Secondary/Indirect Impactsc 
East Everglades Acquisition Moderate 240 
Pine Island Moderate 6 
Tamiami Trail Removal Moderate 120 
Cape Sable Low d 

Total with 8.5 Square Mile Area and L-31N Mitigation  5,984–6,591 
Total without 8.5 Square Mile Area and L-31N Mitigation  4,759–4,796 

a See Table 5–6 for the littoral shelf credits provided per alternative. 
b This is mitigation that has already been provided in the Pennsuco Wetlands through 2006. 
c If it is revealed that mitigation is available in these areas, this should be increased to moderate priority. 
d Not currently evaluated as the indirect improvement to adjacent lands has not been adequately justified. 

5.3 MITGATION OF SEEPAGE IMPACTS 

The effects of the removal of aquifer rock in the Lake Belt area have been modeled with the results 
indicating a net increase in groundwater seepage as discussed in Section 4.6.  This removal is also 
predicted to cause an in-situ reduction in pathogen filtration capacity and an increase in surface water 
area for the potential introduction of pathogens, as discussed in Section 4.7.  The following sections 
discuss mitigating actions that could be considered to offset each of these potential impacts. 

5.3.1 Mitigation of Seepage Increase 

The modeled change in groundwater seepage volume is directly correlated to the loss of rock in the Lake 
Belt area, as explained in Section 4.6.  The seepage analysis identified potentially adverse impacts that 
could result from incremental rock removal as a result of mining.  Therefore, mitigation actions should be 
considered to offset these impacts.  These potential impacts include the following: 

• A net increase in seepage is predicted progressing from L-30 Canal to the east that is 
proportionate with the amount of rock removed under Alternatives 2 through 7, with Alternative 4 
representing the largest potential change. 

• Quarry lakes positioned closer to the NWWF have a greater effect on seepage volume than those 
placed further north and west or to the south, closer to the ENP. 

• A net increase in groundwater elevation near the NWWF would decrease the pumpage influence 
zone. 
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Actions to mitigate potential changes in groundwater seepage would either (1) involve an increase in the 
waters sourced or supplied from areas exterior to the Lake Belt region (for example, WCA-3B) to account 
for increased seepage and/or (2) provide a mechanism(s) to impede or prevent excess groundwater 
movement to the east.  Table 5–10 provides general descriptions of potential mitigating actions focused 
on these two scenarios.  These actions have been conceived and identified in existing CERP project 
plans, the NWWF Watershed Protection Plan, and other SFWMD evaluations.  For example, the creation 
of Water Preserve Areas (for example, the North and Central Lake Belt Storage Areas) are a component 
of several CERP water distribution and management projects for the Florida Lower East Coast Area 
(USGS 2007c). 

Table 5–10.  Potential Mitigating Actions to Offset Groundwater Seepage 
Mitigating Action Intended Result Notes 

Increase in volume of recharge 
waters from areas west of the 
Lake Belt area 

Maintain balance of groundwater 
flow resulting from increased 
seepage as rock is removed. 

Modeling analysis indicates that maintaining 
an elevated water level in the L-30 Canal 
reduces seepage losses from WCA-3B. 

Enhance and then maintain an 
elevated water level in the 
Dade-Broward Levee Canal 

Maintain balance of groundwater 
flow resulting from increased 
seepage as rock is removed. 

Reduce seepage from the Pennsuco 
Wetlands and WCA-3B.  This canal may 
also provide groundwater recharge to the 
NWWF, thereby limiting the impact of 
seepage management on the Pennsuco 
Wetlands and WCA-3B. 

Maintain an elevated water 
level in the wellfield recharge 
canal 

Maintain balance of groundwater 
flow resulting from increased 
seepage as rock is removed. 

Offset of a possible seepage increase from 
the north and east. 

Installation of seepage barriers 
along quarry walls 

Stop or impede seepage through 
quarry walls. 

Control increased seepage past vertical 
quarry walls; action may also offset loss of 
filtration capacity. 

Conversion of select quarry 
lakes to reservoirs 

Stop or impede seepage through 
quarry walls and lake bottoms. 

Control of seepage past quarry walls while 
creating a water reservoir to offset demands 
on regional water supplies; action may also 
offset loss of filtration capacity (CERP 
proposal). 

Reduce mining depth to 
above-NWWF-well-screen 
intervals (45 to 80 feet) 

Reduction of net increase in 
seepage volume and retention of 
filtration capacity. 

Provides vertical separation between 
discharges from the sides of lakes and the 
depth that the aquifer is tapped by 
production wells. 

Key: CERP=Comprehensive Everglades Restoration Plan; NWWF=Northwest Wellfield; WCA=Water Conservation Area. 

Groundwater seepage across the L-31N Canal was identified in studies presented in Appendix A of the 
Final Lakebelt PEIS, “Hydrologic Analysis of Limestone Mining South of Tamiami Trail Between Krome 
Avenue and L-31N Canal” (April 1997) and “Analysis of Seepage and Hydroperiod Impacts of the Lake 
Belt Plan” (February 1998).  Modeling determined that the seepage was related to the construction and 
operation of the L-31N Canal and not directly related to existing or future mining of the Krome Avenue 
Quarry.  However, a permit condition was included in the 2000 and 2002 permits for the Krome Avenue 
Quarry operator to pay a seepage mitigation fee that would be used to obligate funds to assist in 
mitigation, such as the installation of structures.  The permit condition stated, 

The Permittee shall pay a one-cent fee to City National Bank of Florida, a national bank (City 
National Bank) for each ton of material excavated between 2,700 feet and 2,000 feet of the  
L-31-North Levee pursuant to this permit.  City National Bank will hold these payments in an 
interest-bearing escrow account to be used for the Permittee's prorated share (based on 
increases in groundwater seepage across the L-31-North Levee and canal attributable solely to 
deep lake excavation pursuant to this permit), of the design and construction of the L-31-North 
seepage agreement measure approved as an element of the Lake Belt Phase II legislation or the 
Restudy of the C&SF Project system.  If the per ton fee collected pursuant to this provision 
exceeds in amount or preceded in time the Permittee's fair share obligations determined by the 
legislature, the excess or prepaid escrow funds plus accrued interest shall be returned to the 
Permittee, and the Permittee will thereafter participate as determined in the legislatively approved 
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funding program.  If the legislature establishes a higher seepage mitigation fee per ton for 
materials excavated, the Permittee shall pay that fee beginning with the effective date provided in 
the legislation and the one cent per ton fee established herein shall be terminated. 

As of June 2007, over $230,000 has been collected from the Krome Quarry operator for funding of future 
mitigation projects to control groundwater seepage along the L-31N Canal (Rosenfeld 2007f).  

5.3.2 Mitigation Action and CERP Objectives 

The mitigation of seepage increases due to future mining in the Lake Belt area may require specific 
actions that should consider regional and localized water management issues.  The actions will have to 
be in balance with CERP objectives, present and future water use demands, wetlands restoration efforts, 
and many other ongoing programs that control water movement in the south Florida area.  The Lake Belt 
Phase II Plan states that any hydrologic mitigation measures would need to be consistent with CERP 
components, which are directed at environmental restoration and water supply improvements over the 
next 20 to 50 years; some will overlap into the Lake Belt and wellfield areas (Lake Belt Phase II 
Plan 2001).   

The CERP proposes several strategies and actions related to the Lake Belt area as discussed in 
Section 4.16.  The components under consideration include: 

• Enhancing the Dade-Broward Levee to reduce seepage to the east from the Pennsuco Wetlands 
and WCA-3B and to enhance recharge to the NWWF.  (Note: this potential action is also being 
considered by the mining companies, if needed, to provide mitigation for seepage from the 
Pennsuco Wetlands and help control the hydroperiod and enhance conveyance of water to the 
NWWF [MDLPA 2007].) 

• The ongoing Modified Water Deliveries Project is expected to address uncontrolled seepage from 
the southeast corner of WCA-3B, an area proximal to the southwestern corner of the Lake Belt 
area, north of Tamiami Trail.  The effect of this project should influence seepage in the area as a 
positive mitigation measure. 

• In the Bird Drive area, south of Tamiami Trail, increase water table elevations east of Krome 
Avenue by creating an above-ground recharge area that would result in increased recharge of 
groundwater and reduced seepage from the ENP. 

• The ENP Seepage Management Project has a component to manage seepage along the 
L-30 Levee to reduce seepage losses from WCA-3B (USACE 2005), an action consistent with 
Table 5–10 objectives.  

5.3.3 Mitigation of Potential Flow of Pathogens in Groundwater 

The potential for an increased flow of pathogens as a result of increased surface water area as more 
lakes are created in the Lake Belt area results in a greater potential risk from the introduction of 
pathogens and a reduction in the filtering and straining capacity of the aquifer that limits pathogen travel 
in the rock matrix.  However, the lakes also can help to reduce pathogens through entrapment in lake 
bottoms and increased exposure to sunlight.  The NWWF Watershed Protection Plan (DERM 2000) 
recommends nine strategies for protecting the wellfield from increased pathogenic risk (primarily Giardia 
and Cryptosporidium).  As exposure to these pathogens is the primary concern, preventative or mitigating 
actions can be grouped into three main areas: 

(1) controls to reduce the introduction of pathogens (source area and surface water management) 

(2) controls to reduce the flow of pathogens in groundwater from the quarry lakes to the production 
wells of the NWWF (interception or reduction along the migration pathway) 

(3) reduction or prevention of exposure (typically via ingestion) 
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Each of these control areas have been considered by DERM in the NWWF Watershed Protection Plan 
(DERM 2000).  Table 5–11 lists mitigating actions to address each of the pathogen control areas.  
However, based on existing water management practices and the plan to build an additional treatment 
facility as discussed is Section 4.7.1, additional mitigation may not be required.  Two of the potential 
actions shown in Table 5–11 were adopted in the current Lake Belt permits.  The first was the 3-Year 
Northwest Wellfield Monitoring Program, in which Lake Belt area groundwater, lakes, canals, and 
standing water were analyzed for potential pathogens.  As discussed in Section 3.7.1.3, no 
Cryptosporidium or Giardia were detected during the 3-Year Monitoring Program or during continued 
testing by the County.  In addition, the mining industry agreed to a permit condition in which 
approximately 10 square miles of company-owned land (within approximately 1 to 2 miles of the NWWF) 
would be transferred to public ownership and an additional 14 square miles would be subject to 
conservation easements upon permanent termination of mine-related activities and contingent to other 
conditions within the permits. 

As a future permit condition, the USACE is considering a continuation of the monitoring program 
previously conducted by the miners on lakes, groundwater, canals, and surface waters within the mining 
areas of the Lake Belt.  This information would be collected periodically and would supplement the 
County’s ongoing sampling effort within the Lake Belt.  By monitoring these areas on a continuing basis, 
the USACE will be in a position to halt mining should a violation of State water quality standards occur 
and to notify the appropriate parties. 

5.3.4 Mitigating Actions for Alternatives 1 through 7 

As discussed in Section 4.6, Alternative 1 (the No Action Alternative) results in the lowest volume of rock 
removed, therefore implementation of this alternative would require less action to mitigate seepage and 
filtration reduction. If rock mining progresses beyond Alternative 1, the seepage analysis indicates 
Alternative 2 would minimize the overall impact of seepage (see Table 4–32 for a comparison of average 
seepage volumes by alternative).  If mining continues beyond Alternative 2, Alternative 7 results in the 
lowest volume of rock removed and the lowest expected volume of seepage relative to Alternatives 3 
through 6.  Alternative 7 excludes mining in the western half of the FPL Transmission Corridor and the 
eastern border of the ENP, therefore minimizing the loss of rock and a corresponding increase in 
seepage along areas considered to be more sensitive to seepage concerns, such as the Pennsuco 
Wetlands.  Alternative 7 would be the preferred alternative if seepage mitigation/filtration loss 
minimization is considered one of the deciding criteria for alternative selection while maximizing potential 
rock mining.  

Each of the general and specific mitigating actions listed in Tables 5–10 and Table 5–11 are applicable to 
Alternatives 1 through 7, as all alternatives result in the removal of rock from the Lake Belt area and an 
increase in surface water area.  Several of the actions could be implemented during mining whereas 
others would require implementation at the cessation of mining.  For example, the evaluation of land use 
restrictions could be ongoing and implemented while mining is progressing, as these actions are not 
dependent upon an end-state being reached.  Conversely, many of the seepage management and 
end-use actions require coordination with CERP water management and ENP restoration projects that 
are not scheduled for implementation for many years and, therefore, are dependent upon future actions. 
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Table 5–11.  Northwest Wellfield Pathogen Mitigation Actionsa 
Source Area and Surface Water Management 

• Prohibit stormwater and wastewater discharge to the lakes 
• Berming shorelines with soil cover to retard infiltration 
• Construct fencing to restrict public and animal access to the lakes 
• Prohibit non-rock-mining excavations 
• Allow only surface infiltration at natural grade for stormwater management 
• Require that Class IV permits include stormwater management during mining and lake completion 
• Upgrade the elevation requirement for septic tanks to 25-year flood criteria 
• Require a 100-foot setback minimum from lakes and canal for all animal operations 
• Prohibit aquaculture operations in the lakes 
• Prohibit interconnection between canals and lakes 
• Prohibit mining within the aquifer buffer boundary 
• Prohibit recreational use or allow only passive recreation in lakes, no motorized boats, and a 100-foot setback of 

animals from lakes 
• Complete a study to determine if elimination or modification of littoral shelves will reduce pathogen risk 
• Conduct routine surveillance within the outer protection zone to verify compliance with wellfield protection 

requirements  
• Develop a new monitoring program that will incorporate parameters of public health concern and include lake 

sampling; gain access agreements from property owners or leaseholders to allow for continuous sampling of 
groundwater and surface lake sites 

• Place in public ownership all land located within the aquifer buffer boundary 
• Specify interim and future land use options appropriate within the inner lake watershed protection zone 

boundary—prioritize the most critical parcels for eventual public acquisition 

• Establish a mechanism to assess new projects and activities that could affect the Northwest Wellfield and may 
require Miami-Dade County Department of Environmental Resources Management review  

Interception or Reduction Along Migration Pathway 
• Consider options for precluding surface water ponding in the vicinity of the wellheads 
• Eliminate the 30-day/40-foot rock mining setback—as soils and a semi-confining layer in the upper 30 feet of the 

aquifer provide protection from pathogens and surface pollutants, this interval should remain intact 
• Deepen wells affected by lake proximity 
• Prohibit mining within the aquifer buffer boundary 
• Use barriers within quarry lakes to impede flow and increase filtration/straining capacity 

Prevention or Reduction of Exposure Potential 
• Upgrade the County’s water treatment plant to processes capable of destroying the infectivity capability of Giardia 

and Cryptosporidiumb—the upgrade is considered necessary because the risk from pathogens is higher in 
surface water than in groundwater (DERM 2000) 

• Place in public ownership all land located within the aquifer buffer boundary 
• Input of field-verified groundwater travel times into groundwater flow models will allow evaluation of alternate 

protection zone scenarios using future lake configurations—the adequacy of the 60-day travel time rock mining 
setback could then be evaluated 

• Review of Chapter 24c—amend as necessary to codify those land uses consistent with protecting the Northwest 
Wellfield under future conditions 

a Modified from DERM 2000, Section V. 
b In anticipation of funding needed for the upgrade, the Florida Legislature has imposed a water treatment plant upgrade fee on 

each ton of lime rock and sand sold from Lake Belt quarries beginning January 1, 2007.  The fee is $0.15 per ton and will be 
collected until the accumulated amount is sufficient to design and construct the water treatment plant upgrade. 

c Specific wellfield protection rules are located in Chapter 24-12.1, Code of Miami-Dade County. 
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5.4 MITIGATION OF ENDANGERED SPECIES IMPACTS 

This section evaluates the potential impacts of mitigation planned under Alternatives 1–7 on the 
threatened and endangered species and their habitat in the Lake Belt area.  The evaluation of mitigation 
of wetlands as resources in and of themselves is discussed in Section 5.2.  This evaluation focuses on 
the impacts of the alternatives on wildlife, including federally listed threatened and endangered species 
and State-listed species of special concern, wading birds, and especially the wood stork.  In addition, the 
impact of mitigation under the mining alternatives on wood storks nesting within foraging distance of the 
Lake Belt area are quantified using the same method as was used to quantify impacts of mining under 
Alternatives 1–7.  This evaluation of the impacts of mitigation on wood stork nesting success quantifies 
the changes in the amount of habitat of varying suitability for wood stork foraging and the hydroperiod of 
those habitats, which determine the amount of prey available to wood storks. 

5.4.1 Impacts of Mitigation on Wildlife 

Mitigation planned under Alternatives 1 through 7 would have beneficial effects on most of the 160 native 
wildlife species that occur in the Lake Belt (see Table 3–8).  Potential beneficial impacts of mitigation 
include the transformation of wetlands with relatively low value to high value wetlands through the 
reduction in the amount of dense melaleuca and other exotic species.  Dense melaleuca currently present 
in the Lake Belt area prevents wood storks and other wading birds from foraging to the maximum extent 
possible.  The predominant and long lasting negative impacts of the mining alternatives on wildlife occur 
through permanent loss and alteration of wetlands and the many ecological services they provide.  
Mitigation of degraded wetlands returns some of these beneficial services by restoring adjacent wetlands 
such as those in the Pennsuco Wetlands to a more productive state.  

Mitigation of degraded wetlands under Alternatives 1 through 7 would benefit federally listed threatened 
and endangered species that occur in the Lake Belt area.  As discussed in Section 4.3, the wood stork is 
the only threatened and endangered species potentially impacted by a net loss of prey in the Lake Belt 
area as a result of the conversion of wetlands to lakes as mining activities progress under the different 
alternatives and changes in the hydroperiod in adjoining wetlands.  Mitigation of degraded wetlands with 
dense melaleuca  that have low foraging value to wood storks would counter the potential losses resulting 
from increased mining and hydrologic changes.  Other threatened and endangered species that occur in 
the Lake Belt area, such as the American alligator, are also likely to benefit from the mitigation actions 
being considered in the Lake Belt area. 

5.4.2 Impacts of Mitigation on Wood Storks 

As discussed in Section 4.3.3, the SEIS evaluates the comparative impact on wood storks under each 
mining alternative without taking any mitigation actions that could offset the impacts.  This section 
includes the benefits that could be gained as a result of the proposed mitigation actions.  These actions 
include the creation of littoral shelves and the eradication of melaleuca from areas within the Pennsuco 
Wetlands.   

Existing USACE permits require the creation of littoral zones equivalent to approximately 8 percent of the 
deep water lakes created by mining in the Lake Belt.  This SEIS assumes that this requirement would 
continue through any permits issued with regard to a chosen alternative.  As a result, up to 1,389 acres of 
littoral shelves would need to be added to the Lake Belt by the permitees.  In order to gain the maximum 
benefit from these littoral shelves, they should be created as mining completes in a given lake and not be 
delayed until the completion of all mining under a given alternative.  This could be a condition placed on 
future permits.  In general, the creation of littoral shelves from non-foraging areas potentially increases 
the net amount of prey biomass available to wading birds.  Fish biomass on littoral shelves of natural 
lakes in Florida vary between 41.5 grams per square meter to 138.0 grams per square meter wet mass of 
fish (FWS 2006a).  The FWS in the Biological Opinion issued in 2006 considered these shelves 
equivalent to Class 3 hydroperiod wetlands (FWS 2006a).  As shown in Table 5–12, using a habitat 
suitability factor of 1 and fish production for Class 3 hydroperiod wetlands, littoral shelves could create up 
1,588 kilograms of prey-fish biomass. 
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Table 5–12.  Potential Biomass Production from Littoral Shelves by Alternative 

Alternative 

Littoral 
Shelf 

(acres) 
Littoral Shelf 

(square meters) 
Habitat 

Suitability 

Fish Production
(gram per 

square meters)a 
Fish Biomass 

(grams) 

Fish 
Biomass 

(kilograms) 
1 162 655,591 1 1.13 185,204  185  
2 425 1,719,914 1 1.13 485,876  486  
3 941 3,808,092 1 1.13 1,075,786  1,076  
4 1,389 5,621,084 1 1.13 1,587,956  1,588  
5 1,210 4,896,696 1 1.13 1,383,317  1,383  
6 1,337 5,410,647 1 1.13 1,528,508  1,529  
7 1,158 4,686,260 1 1.13 1,323,868  1,324  

a Assumes shelves are equivalent to Hydroperiod Class 3 (FWS 2006a). 

It is possible to increase the amount of suitable wood stork foraging habitat in the Lake Belt area by 
eradicating melaleuca from the Pennsuco Wetlands and then maintaining these treated areas over the 
long term.  For example, dense melaleuca with a wood stork suitability factor of nearly zero can be 
restored to wet prairie with a wood stork suitability factor of 1.  To date, nearly 2,800 acres of wetlands in 
the Pennsuco Wetlands have been treated to eradiate melaleuca.  There are up to 6,200 acres of 
wetlands in the Pennsuco Wetlands that are infested with melaleuca and could be treated.  Treatment of 
these areas could increase the amount of suitable habitat for the wood stork within the Lake Belt by up to 
3,300 acres compared with the same alternative without mitigation as shown in Table 5–13.   

Table 5–13.  Wood Stork Suitable Habitat Included in the Lake Belt Hydrology Model by 
Alternative (acres) 

Alternative 
 1 2 3 4 5 6 7 

Total suitable habitat without mitigation 19,483 18,967  16,948  15,450 16,330  15,987  16,867  
Total suitable habitat with mitigation 21,592 21,339  19,836  18,786 19,487  19,271  19,972  
Change due to mitigation 2,109 2,372  2,888  3,336 3,157  3,284  3,105  

5.4.2.1 Potential Impacts on Wood Storks of Alternative 1  

Table 5–14 presents a summary of the potential impacts on wood storks through the completion of 
Alternative 1 with mitigation actions, assuming average hydrologic conditions.  Up to 14,573 kilograms of 
prey-fish biomass production within the Lake Belt and adjacent wetlands could be gained annually by the 
end of Alternative 1.  Prior to the final year of the alternative, smaller gains would be realized as mitigation 
activities were conducted.  The projected gain in fish biomass production is due to a combination of 
mitigation actions, including the eradication of melaleuca from the Pennsuco Wetlands and the creation of 
littoral shelves in the Lake Belt.  The increased biomass would be expected to benefit wood storks that 
use the Lake Belt and its adjacent wetlands.  From 2002 through the end of Alternative 1 (as soon 
as 2007), the projected gains in fish biomass due to proposed mitigation activities would result in 
1.8 more nests and 2.3 more birds per year on average and a cumulative gain of 18 wood storks over the 
life of the alternative.   
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Table 5–14.  Summary of Wood Stork Impacts under 
Alternative 1 With Mitigation 

 Alternative 1 
Net gain (loss) in suitable habitat (acres) 2,109 
Melaleuca-infested wetlands treated (acres) 4,453 
Addition of littoral shelves (acres) 162 
Net gain (loss) in biomass produced from Baseline in final year (kilograms)a 14,573 
Average gain (loss) of nests per yearb 1.8 
Average gain (loss) of birds per yearc 2.3 
Cumulative gain (loss) of birdsd 18 

a Net gain (loss) in fish biomass (kilograms) is the projected change from the Baseline in the amount of biomass 
available for wood storks in the last year of the alternative. 

b Average gain (loss) of nests per year = total kilograms fish biomass gained or lost over life of the alternative/total 
biomass produced in the core foraging area over life of alternative × highest number of nesting pairs of wood 
storks observed on average over a 3-year period (1,086 from 2000 to 2002). 

c Average gain (loss) of birds per year = average number of nests gained or lost per year over the life of the 
alternative × 1.29 fledgling birds/nest. 

d Cumulative gain (loss) figures = total nests gained or lost over the life of the alternative × 1.29 fledgling birds/nest. 
Note: Numbers may not total due to rounding. 

Compared with Alternative 4 with mitigation, Alternative 1 with mitigation would result in 2,806 more acres 
of suitable habitat in the Lake Belt and 59 more wood storks assuming the biomass gains in the final year 
of Alternative 1 were to continue at the same level through the expected end of Alternative 4 (2032). 

5.4.2.2 Potential Impacts on Wood Storks of Alternative 2 
Table 5–15 presents a summary of the potential impacts on wood storks through the completion of 
Alternative 2 with mitigation actions, assuming average hydrologic conditions.  Up to 12,477 kilograms of 
prey-fish biomass production within the Lake Belt and adjacent wetlands could be gained annually by the 
end of Alternative 2.  Prior to the final year of the alternative, smaller gains would be realized as mitigation 
activities were conducted.  The projected gain in fish biomass production is due to a combination of 
mitigation actions, including the eradication of melaleuca from the Pennsuco Wetlands and the creation of 
littoral shelves in the Lake Belt.  The increased biomass would be expected to benefit wood storks that 
use the Lake Belt and its adjacent wetlands.  From 2002 through the end of Alternative 2 (as soon as 
2012), the projected gains in fish biomass due to proposed mitigation activities would result in 2.1 more 
nests and 2.8 more birds per year on average and a cumulative gain of 34 wood storks over the life of the 
alternative.   

Table 5–15.  Summary of Wood Stork Impacts under 
Alternative 2 With Mitigation 

 Alternative 2 
Net gain (loss) in suitable habitat (acres) 2,372 
Melaleuca-infested wetlands treated (acres) 4,562 
Addition of littoral shelves (acres) 425 
Net gain (loss) in biomass produced from Baseline in final year (kilograms)a 12,477 
Average gain (loss) of nests per yearb 2.1  
Average gain (loss) of birds per yearc 2.8  
Cumulative gain (loss) of birdsd 34  

a Net gain (loss) in fish biomass (kilograms) is the projected change from the Baseline in the amount of 
biomass available for wood storks in the last year of the alternative. 

b Average gain (loss) of nests per year = total kilograms fish biomass gained or lost over life of the 
alternative/total biomass produced in the core foraging area over life of alternative × highest number of 
nesting pairs of wood storks observed on average over a 3-year period (1,086 from 2000 to 2002). 

c Average gain (loss) of birds per year = average number of nests gained or lost per year over the life of the 
alternative × 1.29 fledgling birds/nest. 

d Cumulative gain (loss) figures = total nests gained or lost over the life of the alternative × 1.29 fledgling 
birds/nest. 

Note: Numbers may not total due to rounding. 
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Compared with Alternative 1 with mitigation, Alternative 2 with mitigation would result in the loss of an 
additional 253 acres of suitable habitat in the Lake Belt and no additional loss of wood storks assuming 
the biomass gain in the final year of Alternative 1 continues at the same level through the end of 
Alternative 2 (2012).   

Compared with Alternative 4 with mitigation, Alternative 2 with mitigation would result in 2,553 more acres 
of suitable habitat in the Lake Belt and 59 more wood storks assuming the biomass gains in the final year 
of Alternative 2 were to continue at the same level through the expected end of Alternative 4 (2032). 

5.4.2.3 Potential Impacts on Wood Storks of Alternative 3 

Table 5–16 presents a summary of the potential impacts on wood storks through the completion of 
Alternative 3 with mitigation actions, assuming average hydrologic conditions.  Up to 5,617 kilograms of 
prey-fish biomass production within the Lake Belt and adjacent wetlands could be gained annually by the 
end of Alternative 3.  Prior to the final year of the alternative, smaller gains would be realized as mitigation 
activities were conducted.  The projected gain in fish biomass production is due to a combination of 
mitigation actions, including the eradication of melaleuca from the Pennsuco Wetlands and the creation of 
littoral shelves in the Lake Belt.  The increased biomass would be expected to benefit wood storks that 
use the Lake Belt and its adjacent wetlands.  From 2002 through the end of Alternative 3 (as soon as 
2022), the projected gains in fish biomass due to proposed mitigation activities would result in 2.0 more 
nests and 2.6 more birds per year on average and a cumulative gain of 63 wood storks over the life of the 
alternative.   

Table 5–16.  Summary of Wood Stork Impacts under 
Alternative 3 With Mitigation 

 Alternative 3 
Net gain (loss) in suitable habitat (acres) 2,888 
Melaleuca-infested wetlands treated (acres) 6,230 
Addition of littoral shelves (acres) 941 
Net gain (loss) in biomass produced from Baseline in final year (kilograms)a 5,617  
Average gain (loss) of nests per yearb 2.0  
Average gain (loss) of birds per yearc 2.6  
Cumulative gain (loss) of birdsd 63  

a Net gain (loss) in fish biomass (kilograms) is the projected change from the Baseline in the amount of 
biomass available for wood storks in the last year of the alternative. 

b Average gain (loss) of nests per year = total kilograms fish biomass gained or lost over life of the 
alternative/total biomass produced in the core foraging area over life of alternative × highest number of 
nesting pairs of wood storks observed on average over a 3-year period (1,086 from 2000 to 2002). 

c Average gain (loss) of birds per year = average number of nests gained or lost per year over the life of the 
alternative × 1.29 fledgling birds/nest. 

d Cumulative gain (loss) figures = total nests gained or lost over the life of the alternative × 1.29 fledgling 
birds/nest. 

Note: Numbers may not total due to rounding. 

Compared with Alternative 2 with mitigation, Alternative 3 with mitigation would result in the loss of an 
additional 1,503 acres of suitable habitat in the Lake Belt and the cumulative loss of an additional 
11 wood storks assuming the biomass gain in the final year of Alternative 2 continues at the same level 
through the end of Alternative 3 (2022).   

Compared with Alternative 4 with mitigation, Alternative 3 with mitigation would result in 1,050 more acres 
of suitable habitat in the Lake Belt and 18 more wood storks assuming the biomass gains in the final year 
of Alternative 3 were to continue at the same level through the expected end of Alternative 4 (2032).   

5.4.2.4 Potential Impacts on Wood Storks of Alternative 4 

Table 5–17 presents a summary of the potential impacts on wood storks through the completion of 
Alternative 4 with mitigation actions, assuming average hydrologic conditions.  Up to 8,272 kilograms of 
prey-fish biomass production within the Lake Belt and adjacent wetlands could be lost annually by the 
end of Alternative 4.  The projected reduction of loss in fish biomass compared with the unmitigated 
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estimates for this alternative (15,874 kilograms less in the final year) is due to a combination of mitigation 
actions, including the eradication of melaleuca from the Pennsuco Wetlands and the creation of littoral 
shelves in the Lake Belt.  Eventually the decreased biomass would be expected to adversely affect wood 
storks that use the Lake Belt and its adjacent wetlands.  However, because a large number of acres of 
melaleuca-infested wetlands would be treated before the end of the alternative and gains from littoral 
shelves would occur prior to the end of the alternative, there is expected to be a cumulative positive 
impact through the end of the alternative.  From 2002 through the end of Alternative 4 (as soon as 2032), 
the projected gains in fish biomass due to proposed mitigation would result in 1.2 more nests and 
1.6 more birds per year on average and a cumulative gain of 55 wood storks over the life of the 
alternative.  If the projected biomass losses in the final year of the alternative were to continue, it is 
projected that this alternative would begin to have a negative cumulative affect on the wood storks which 
use the Lake Belt and its adjacent wetlands by 2051 or approximately 20 years after completion of the 
alternative and its related mitigation activities. 

Compared with Alternative 3 with mitigation, Alternative 4 with mitigation would result in the loss of an 
additional 1,050 acres of suitable habitat in the Lake Belt and the cumulative loss of an additional 
18 wood storks assuming the biomass gain in the final year of Alternative 3 continues at the same level 
through the end of Alternative 4 (2032).   

Table 5–17.  Summary of Wood Stork Impacts under 
Alternative 4 With Mitigation 

 Alternative 4 
Net gain (loss) in suitable habitat (acres) 3,336 
Melaleuca-infested wetlands treated (acres) 6,230 
Addition of littoral shelves (acres) 1,389 
Net gain (loss) in biomass produced from Baseline in final year (kilograms)a (8,272) 
Average gain (loss) of nests per yearb 1.2  
Average gain (loss) of birds per yearc 1.6  
Cumulative gain (loss) of birdsd 55  

a Net gain (loss) in fish biomass (kilograms) is the projected change from the Baseline in the amount of 
biomass available for wood storks in the last year of the alternative. 

b Average gain (loss) of nests per year = total kilograms fish biomass gained or lost over life of the 
alternative/total biomass produced in the core foraging area over life of alternative × highest number of 
nesting pairs of wood storks observed on average over a 3-year period (1,086 from 2000 to 2002). 

c Average gain (loss) of birds per year = average number of nests gained or lost per year over the life of the 
alternative × 1.29 fledgling birds/nest. 

d Cumulative gain (loss) figures = total nests gained or lost over the life of the alternative × 1.29 fledgling 
birds/nest. 

Note: Numbers may not total due to rounding. 

5.4.2.5 Potential Impacts on Wood Storks of Alternative 5 

Table 5–18 presents a summary of the potential impacts on wood storks through the completion of 
Alternative 5 with mitigation actions, assuming average hydrologic conditions.  Up to 2,383 kilograms of 
prey-fish biomass production within the Lake Belt and adjacent wetlands could be gained annually by the 
end of Alternative 5.  Prior to the final year of the alternative, smaller gains would be realized as mitigation 
activities were conducted.  The projected gain in fish biomass production is due to a combination of 
mitigation actions, including the eradication of melaleuca from the Pennsuco Wetlands and the creation of 
littoral shelves in the Lake Belt.  The increased biomass would be expected to benefit wood storks that 
use the Lake Belt and its adjacent wetlands.  From 2002 through the end of Alternative 5 (as soon as 
2028), the projected gains in fish biomass due to proposed mitigation activities would result in 1.6 more 
nests and 2.1 more birds per year on average and a cumulative gain of 73 wood storks over the life of the 
alternative.   
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Table 5–18.  Summary of Wood Stork Impacts under 
Alternative 5 With Mitigation 

 Alternative 5 
Net gain (loss) in suitable habitat (acres) 3,157 
Melaleuca-infested wetlands treated (acres) 6,230 
Addition of littoral shelves (acres) 1,210 
Net gain (loss) in biomass produced from Baseline in final year (kilograms)a 2,383  
Average gain (loss) of nests per yearb 1.6  
Average gain (loss) of birds per yearc 2.1  
Cumulative gain (loss) of birdsd 73  

a Net gain (loss) in fish biomass (kilograms) is the projected change from the Baseline in the amount of 
biomass available for wood storks in the last year of the alternative. 

b Average gain (loss) of nests per year = total kilograms fish biomass gained or lost over life of the 
alternative/total biomass produced in the core foraging area over life of alternative × highest number of 
nesting pairs of wood storks observed on average over a 3-year period (1,086 from 2000 to 2002). 

c Average gain (loss) of birds per year = average number of nests gained or lost per year over the life of the 
alternative × 1.29 fledgling birds/nest. 

d Cumulative gain (loss) figures = total nests gained or lost over the life of the alternative × 1.29 fledgling 
birds/nest. 

Note: Numbers may not total due to rounding. 

Compared with Alternative 4 with mitigation, Alternative 5 with mitigation would result in 701 more acres 
of suitable habitat in the Lake Belt and 22 more wood storks assuming the biomass gains in the final year 
of Alternative 5 continues at the same level through the expected end of Alternative 4 (2032).   

5.4.2.6 Potential Impacts on Wood Storks of Alternative 6 

Table 5–19 presents a summary of the potential impacts on wood storks through the completion of 
Alternative 6 with mitigation actions, assuming average hydrologic conditions.  Up to 195 kilograms of 
prey-fish biomass production within the Lake Belt and adjacent wetlands could be lost annually by the 
end of Alternative 6.  The projected reduction of loss in fish biomass compared with the unmitigated 
estimates for this alternative (22,426 kilograms less in the final year) is due to a combination of mitigation 
actions, including the eradication of melaleuca from the Pennsuco Wetlands and the creation of littoral 
shelves in the Lake Belt.  Eventually the decreased biomass would be expected to adversely affect wood 
storks that use the Lake Belt and its adjacent wetlands.  However, because a large number of acres of 
melaleuca-infested wetlands would be treated before the end of the alternative and gains from littoral 
shelves would occur prior to the end of the alternative, there is expected to be a cumulative positive 
impact through the end of the alternative.  From 2002 through the end of Alternative 5 (as soon as 2031), 
the projected gains in fish biomass due to proposed mitigation activities would result in 1.5 more nests 
and 2.0 more birds per year on average and a cumulative gain of 75 wood storks over the life of the 
alternative.  Because the projected biomass losses in the final year of the alternative are so small, it is 
projected that this alternative would not begin to have a negative cumulative affect on the wood storks 
which use the Lake Belt and its adjacent wetlands for more than 50 years after completion of the 
alternative.   

Compared with Alternative 4 with mitigation, Alternative 6 with mitigation would result in 485 more acres 
of suitable habitat in the Lake Belt and 20 more wood storks assuming the biomass gains in the final year 
of Alternative 6 continues at the same level through the expected end of Alternative 4 (2032).   
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Table 5–19.  Summary of Wood Stork Impacts under 
Alternative 6 With Mitigation 

 Alternative 6 
Net gain (loss) in suitable habitat (acres) 3,284 
Melaleuca-infested wetlands treated (acres) 6,230 
Addition of littoral shelves (acres) 1,337 
Net gain (loss) in biomass produced from Baseline in final year (kilograms)a (195) 
Average gain (loss) of nests per yearb 1.5  
Average gain (loss) of birds per yearc 2.0  
Cumulative gain (loss) of birdsd 75  

a Net gain (loss) in fish biomass (kilograms) is the projected change from the Baseline in the amount of 
biomass available for wood storks in the last year of the alternative. 

b Average gain (loss) of nests per year = total kilograms fish biomass gained or lost over life of the 
alternative/total biomass produced in the core foraging area over life of alternative × highest number of 
nesting pairs of wood storks observed on average over a 3-year period (1,086 from 2000 to 2002). 

c Average gain (loss) of birds per year = average number of nests gained or lost per year over the life of the 
alternative × 1.29 fledgling birds/nest. 

d Cumulative gain (loss) figures = total nests gained or lost over the life of the alternative × 1.29 fledgling 
birds/nest. 

Note: Numbers may not total due to rounding. 

5.4.2.7 Potential Impacts on Wood Storks of Alternative 7 

Table 5–20 presents a summary of the potential impacts on wood storks through the completion of 
Alternative 7 with mitigation actions, assuming average hydrologic conditions.  Up to 3,471 kilograms of 
prey-fish biomass production within the Lake Belt and adjacent wetlands could be gained annually by the 
end of Alternative 7.  Prior to the final year of the alternative, smaller gains would be realized as mitigation 
activities were conducted.  The projected gain in fish biomass production is due to a combination of 
mitigation actions, including the eradication of melaleuca from the Pennsuco Wetlands and the creation of 
littoral shelves in the Lake Belt.  The increased biomass would be expected to benefit wood storks that 
use the Lake Belt and its adjacent wetlands.  From 2002 through the end of Alternative 7 (as soon as 
2026), the projected gains in fish biomass due to proposed mitigation activities would result in 1.9 more 
nests and 2.4 more birds per year on average and a cumulative gain of 71 wood storks over the life of the 
alternative.   

Table 5–20.  Summary of Wood Stork Impacts under 
Alternative 7 With Mitigation 

 Alternative 7 
Net gain (loss) in suitable habitat (acres) 3,105 
Melaleuca-infested wetlands treated (acres) 6,230 
Addition of littoral shelves (acres) 1,158 
Net gain (loss) in biomass produced from Baseline in final year (kilograms)a 3,471  
Average gain (loss) of nests per yearb 1.9  
Average gain (loss) of birds per yearc 2.4  
Cumulative gain (loss) of birdsd 71  

a Net gain (loss) in fish biomass (kilograms) is the projected change from the Baseline in the amount of 
biomass available for wood storks in the last year of the alternative. 

b Average gain (loss) of nests per year = total kilograms fish biomass gained or lost over life of the 
alternative/total biomass produced in the core foraging area over life of alternative × highest number of 
nesting pairs of wood storks observed on average over a 3-year period (1,086 from 2000 to 2002). 

c Average gain (loss) of birds per year = average number of nests gained or lost per year over the life of the 
alternative × 1.29 fledgling birds/nest. 

d Cumulative gain (loss) figures = total nests gained or lost over the life of the alternative × 1.29 fledgling 
birds/nest. 

Note: Numbers may not total due to rounding. 

Compared with Alternative 4 with mitigation, Alternative 7 with mitigation would result in 1,186 more acres 
of suitable habitat in the Lake Belt and 22 more wood storks assuming the biomass gains in the final year 
of Alternative 7 continues at the same level through the expected end of Alternative 4 (2032). 
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5.4.3 Cumulative Mitigation Impacts on the Wood Stork 

Cumulative impacts on wood storks, in terms of changes in the number of fledglings due to mining and 
associated mitigation of the Pennsuco Wetlands, increase with the total area proposed to be mined.  The 
cumulative beneficial impacts from mitigating the Pennsuco Wetlands by eradicating melaleuca and 
constructing littoral shelves around the lakes as they are completed exceed the estimated negative 
impacts of proposed mining in the Lake Belt area due to loss of habitat and changes to the hydroperiod in 
adjacent wetlands.   

The cumulative impacts on the wood stork from the proposed alternatives are summarized in Table 5–21, 
assuming that mining occurs at a constant rate over the duration of the alternative.  The durations of the 
alternatives are as few as 6 years for Alternative 1 (2002 through 2007), to as many as 30 years for 
Alternatives 3 through 7.  The estimated cumulative gains or losses in fish biomass available to wood 
storks due to mitigation of the Pennsuco Wetlands and construction of littoral shelves under all of the 
alternatives do not include other potential benefits from mitigating additional areas outside the Lake Belt 
area but within the wood stork foraging areas of the three nearby nesting colonies: 3B Mud East, Tamiami 
West and 2B Melaleuca.  It is possible that some of the proposed actions discussed in Section 5.2 could 
have a positive impact on the wood storks nesting near the Lake Belt (especially those nesting in the 
Tamiami West and 3B Mud East colonies) as some of the activities would be located within their foraging 
areas. 

Wetland mitigation planned under the Lake Belt mining alternatives is necessary to balance the 
potentially adverse impacts on wood storks from prey losses due to mining and its effects on hydrology in 
the adjacent wetlands.  Even the potential negative impacts on wood stork nesting success estimated for 
Alternatives 2 through 7 in Section 4.3.3 are compensated for by increases in the estimated amount of 
suitable and productive foraging habitat for wood storks in the Pennsuco Wetlands and new littoral 
shelves as a result of proposed mitigation actions.  The net effect on foraging biomass and potential wood 
stork nesting success is positive for all alternatives except in the last few years of Alternatives 4 and 6.  
Alternatives 4 and 6 are estimated to have a continued negative impact on the wood stork after mitigation, 
but the impact would be greatly reduced as a result of the proposed mitigation actions. 
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Table 5–21.  Summary of Impacts on Wood Storks of Mining Alternatives 1 through 7, With Mitigation 
Alternative 

Average Year 1 2 3 4 5 6 7 
Baseline 

2002 
Gain (loss) of biomass as a result of mining activities within Lake Belt (kg)a 14,928 12,858 8,172  (4,790) (4,254)  (2,969) (540)  
Biomass gain from littoral shelves in final year (kg)b 185 486 1,076 1,588 1,383 1,529 1,324  
Net total fish biomass within Lake Belt with mitigation (kg) 84,067 82,297 78,201 65,752 74,591 73,451 75,679 68,954 
Gain (loss) from change in hydroperiod in adjacent wetlands (kg) (539) (867)  (3,631) (5,070) (3,254)  (4,693) (3,254)  
Net gain (loss) from Baseline in final year of alternative (kg)c 14,573 12,477 5,617 (8,272) 2,383  (195) 3,471  
Average gain (loss) of nests per yeard 2 2 2 1 2 2 2  
Average gain (loss) of birds per yeare 2 3 3 2 2 2  2  

Cumulative gain (loss) of birds through end of alternativef 18  34 63 55 73 75 71  
Cumulative gain (loss) of birds through end of 2032g 114 114 83 55 77 75 77  
a Projected gain or loss of biomass is for final year of the alternative and includes changes as a result of mining activities offset by mitigation activities expected to be taken in the 

Pennsuco Wetlands. 
b From Table 5–12. 
c Net gain (loss) in fish biomass (kilograms) is the projected change from the Baseline in the amount of biomass available for wood storks in the last year of the alternative. 
d Average gain (loss) of nests per year = total kilograms fish biomass gained or lost over life of the alternative/total biomass produced in the core foraging area over life of 

alternative × highest number of nesting pairs of wood storks observed on average over a 3-year period (1,086 from 2000 to 2002). 
e Average gain (loss) of birds per year = average number of nests gained or lost per year over the life of the alternative × 1.29 fledgling birds/nest. 
f Cumulative gain (loss) figures = total nests gained or lost over the life of the alternative × 1.29 fledgling birds/nest. 
g Cumulative gain (loss) calculated through 2032 extending net gain (loss) in final year of the alternative through the earliest estimated final year for Alternative 4. 
Note: Net total fish biomass (kg) is amount available for wood storks each year at the end of the alternative mining-permit period.  Numbers may not total due to rounding. 
Key: kg=kilogram. 
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5.5 MITIGATION PLAN FUNDING AND PROJECTED EXPENDITURES 

As shown in Table 5–22, by year end of 2006, total mitigation fees collected and interest earned were 
approximately $22 million for mining performed from 2000 through 2006.  If Alternative 1 were 
implemented and Lake Belt mining stopped at the end of 2007, it is estimated that fees collected and 
interest earned would increase by approximately $6 million to $7 million and total mitigation fees and 
interest could range from $28 to $29 million.  (For the estimates of interest, it has been assumed that 
excess funds in any given year would earn interest at a rate of 3 percent per year.)  Under Alternative 2, 
mining in the Lake Belt would continue until approximately 2012–2015, if implemented.  During 
Alternative 2, it is estimated that the total fees and interest earned by the mitigation fund, including fees 
collected to date, could range from $117 million to $127 million.  Implementation of Alternative 3 would 
allow mining to continue in the Lake Belt region until approximately 2022–2031.  By the end of 
Alternative 3, it is estimated that fees and interest earned could be as high as $426 million to $543 million.  
Alternative 4 would allow Lake Belt mining to continue until approximately 2032–2045 depending on the 
rate of mining.  By the end of Alternative 4, it is estimated that fees and interest earned could range from 
$878 million to approximately $1.3 billion.  Under the reduced mining being proposed for Alternative 5, the 
estimated fees and interest earned for mitigation actions would decrease by $202 million to $356 million 
from those projected under Alternative 4.  Alternative 5 could result in mining operations coming to an end 
somewhere between 2028 and 2039, depending on the rate of mining.  Similarly, Alternative 6, if 
implemented, would result in lower fees and interest being earned than estimated under Alternative 4.  
Under Alternative 6, fees and interest would decrease by $59 million to $110 million compared with 
Alternative 4.  Alternative 6 would allow Lake Belt mining operations to remain active through 
approximately 2031 through 2043 depending on the rate of mining.  Implementation of Alternative 7 would 
combine the reduced operations being considered in Alternatives 5 and 6.  Under Alternative 7, mining 
activities could continue until approximately 2027 through 2038.  Total fees and interest earned under 
Alternative 7 would decrease by $252 million to $438 million compared with Alternative 4. 

Table 5–22.  Estimated Mitigation Fee Collection by Alternative 

Alternative End Year of Alternative 
Estimated Fee and Interest Earned 

(millions) 
To date 2006a 22 

1 2007 28–29 
2 2012–2015 117–127 
3 2022–2031 426–543 
4 2032–2045 878–1,301 
5 2028–2039 676–945 
6 2031–2043 819–1,191 
7 2026–2037 626–863 

a Represents actual fees collected and interest earned through 2006. 

To date, 664 habitat units have been mitigated at an estimated cost of approximately $21 million.  This 
equates to an average cost per habitat unit of approximately $31,000.  The estimated cost of habitat units 
to replace those that are expected to be lost under the different alternatives have been estimated 
assuming that the unit cost increases at a rate of 5.3 percent per year.  Table 5–23 shows the estimated 
cost to mitigate the loss of habitat units under each alternative.  The range of costs relates to the different 
timeframes associated with the completion of each alternative with the shorter estimated duration 
resulting in a lower estimated mitigation cost for the alternative.  

Under Alternative 1, it is estimated that the loss of 1,208 habitat units would need to be mitigated after 
construction of the required littoral shelves.  The mitigation credits already paid for would count toward 
the required units for Alternative 1 resulting in the need to pay for an additional loss of 544 habitat units.  
Given the average cost to date for habitat units, the funds collected under Alternative 1, $28 million to 
$29 million, would not be expected to cover the full cost of the habitat unit losses expected under this 
alternative.  The reason for this shortfall is a number of acres of wetlands have already been cleared in 
anticipation of future mining under existing permits.  However, if these permits are revoked under 
Alternative 1, the land would be cleared but never mined so there would not be any mitigation fee 
collected from the mining to pay for mitigation. 
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Table 5–23.  Projected Costs of Mitigation Activities 

Alternative Required Units 
Estimated Cost 

(millions) 
To date 664a 21a 

1 1,208 40 
2 1,673 71–83 
3 4,539 322–512 
4 6,686 794–1,554 
5 5,395 521–920 
6 6,118 690–1,283 
7 4,991 458–808 

a Represents actual mitigation actions through 2006. 

Mining proposed under Alternative 2 would result in the need to mitigate the potential loss of 
approximately 1,700 habitat units after construction of the required littoral shelves.  Based on the average 
cost per habitat unit to date, it is expected that the total costs associated with the mitigation actions 
needed to offset this potential loss of habitat units would range from approximately $71 million to 
$83 million depending on how quickly the area was mined out under this alternative.  As shown in 
Table 5–22, the fees collected and interest earned under Alternative 2 is projected to more than cover 
these expected costs. 

Mining proposed under Alternative 3 would result in the need to mitigate the potential loss of 
approximately 4,500 habitat units after construction of the required littoral shelves.  Based on the average 
cost per habitat unit to date, it is expected that the total costs associated with the mitigation actions 
needed to offset this potential loss of habitat units would range from approximately $322 million to 
$512 million depending on how quickly the area was mined out under this alternative.  As shown in 
Table 5–22, the fees collected and interest earned under Alternative 3 is projected to more than cover 
these expected costs. 

Mining proposed under Alternative 4 would result in the need to mitigate the potential loss of 
approximately 6,700 habitat units after construction of the required littoral shelves.  Based on the average 
cost per habitat unit to date, it is expected that the total costs associated with the mitigation actions 
needed to offset this potential loss of habitat units would range from approximately $794 million to over 
$1.5 billion depending on how quickly the area was mined out under this alternative.  As shown in 
Table 5–22, the fees collected and interest earned under Alternative 4 is projected to cover the low end of 
this estimated cost but would fall short of covering the high end if the mining continued past 2038 due to 
the greatly increased cost of mitigation credits in the later years of the alternative. 

Mining proposed under Alternative 5 would result in the need to mitigate the potential loss of 
approximately 5,400 habitat units after construction of the required littoral shelves.  Based on the average 
cost per habitat unit to date, it is expected that the total costs associated with the mitigation actions 
needed to offset this potential loss of habitat units would range from approximately $521 million to 
$920 million depending on how quickly the area was mined out under this alternative.  As shown in 
Table 5–22, the fees collected and interest earned under Alternative 5 is projected to more than cover 
these expected costs. 

Mining proposed under Alternative 6 would result in the need to mitigate the potential loss of 
approximately 6,100 habitat units after construction of the required littoral shelves.  Based on the average 
cost per habitat unit to date, it is expected that the total costs associated with the mitigation actions 
needed to offset this potential loss of habitat units would range from approximately $690 million to 
approximately $1.3 billion depending on how quickly the area was mined out under this alternative.  As 
shown in Table 5–22, the fees collected and interest earned under Alternative 6 is projected to cover the 
low end of this estimated cost but would fall short of covering the high end if the mining continued past 
2040 due to the greatly increased cost of mitigation credits in the later years of the alternative. 

Mining proposed under Alternative 7 would result in the need to mitigate the potential loss of 
approximately 5,000 habitat units after construction of the required littoral shelves.  Based on the average 
cost per habitat unit to date, it is expected that the total costs associated with the mitigation actions 
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needed to offset this potential loss of habitat units would range from approximately $458 million to 
$808 million depending on how quickly the area was mined out under this alternative.  As shown in 
Table 5–22, the fees collected and interest earned under Alternative 7 is projected to more than cover 
these expected costs. 

All of the lands projected to be available for mitigation in the Pennsuco Wetlands are expected to be 
acquired by the end of Alternative 3, if implemented.  The per acre cost of Pennsuco Wetlands acquisition 
in 2007 and beyond is estimated to start at $13,000 and then escalate by 5.3 percent per year until the 
acquisitions were complete somewhere in the 2022 to 2031 timeframe.  The total costs associated with 
the acquisition of Pennsuco Wetlands for mitigation are expected to range from approximately $61 million 
to $83 million for the 2,800 acres expected to be acquired in 2007 and beyond under the proposed 
mitigation plan. 

 


