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Reclamation Compliance Laura Morris Superintendent Permitting and Reclamation Compliance – Mosaic

Radiation Dr. Chris Teaf Director of Toxicology - HSWMR, Inc.



Introduction – Reclamation Overview

Russell Schweiss – Vice President, Land and Resource 
Strategies
Mosaic Fertilizer, LLC



• Requirements have evolved over time as science has advanced

• Every acre disturbed or mined is reclaimed

• Mining and reclamation is a “Rolling” process

• Plant is always producing sand

• Most economical way to manage is to deliver straight to 
reclamation sites

• Design process is complex requiring collaboration of many qualified 
experts

• Reclamation plans must be approved by local, state and federal 
mining permits

• Each habitat type has specific reclamation criteria
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Since 1975 All Mined Lands Are Reclaimed



Mosaic’s Florida Land & Reclamation Facts
• Own or control more than 375,000 acres 
• Planted more than 500,000 trees in 2021
• 211,219 acres have been mined or disturbed since FDEP 

1975 Reclamation Rule
 Reclaimed approximately 164,065 acres of the mined and 

disturbed acres (78%)
 Released approximately 110,291 of the reclaimed acres 

(67%)
• Approximately 50,000 acres in Florida are preserved and/or 

placed under permanent protection
 Ensures long-term protection of sensitive lands and 

waters



Reclamation 

Freshwater Marsh: Near Four Corners Mine  

Palmetto Prairie: Near Former Big Four Mine

Freshwater Marsh 

Reclaimed Stream: Maron Run, 
Near South Fort Meade Mine  

Cypress Forest: Near South 
Fort Meade Mine 

Wetlands, Mixed Hardwoods & 
Coniferous: Near Former Ft. 
Green Mine 

Xeric Habitat: Near Former 
Kingsford Mine



Pasture: Hillsborough County  Citrus: Near Former Fort Meade Mine, Polk County  

Sod: Bowling Green, Hardee County  Wetland ConiferousWatermelon: Wauchula, Hardee County  

Agriculture Operations 



Early Mining

Last 10-15 years

Current and 
future mining



Early Years of 
Mining Left a 
Challenging 
Landscape



In 1990s, Focus Shifted to Improving Wetland Reclamation



Mitigation Practices 
Past & Present



Onerous Modern Mitigation Requirements



Ona Mine – Hardee Co

• Peace River Watershed

• Post-Mining Land Use-
22,483 acres

Conservation Easements 
Required for Mitigation:

• Onsite Mitigation 
Projects - 9,239 acres

• Offsite Mitigation 
Projects - 4,046 acres

• Total CEs = 13,285 
acres



Mitigation Banks Open Mitigation Possibilities

• Focus Work in Critical Floodplain Areas
 Provides greater ecological benefit

• More Flexibility in Reclaimed Landscape
 Rather than squeeze mitigation into existing 

footprint, you are left with more land for 
creative uses

• Local Governments Benefit
 Less land outside of critical floodplains 

under conservation
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South Ft. 
Meade -
Eastern 
Reserves 

Existing 
Land Use 
Map
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Post-Mine 
Land Use Map
• No onsite 

mitigation
• Mitigation satisfied 

by buying 
mitigation bank 
credits in 
watershed

• No conservation 
easements

• Acre for acre, type 
for type wetland 
reclamation still 
applies

• Reclaiming straight 
to intensive ag 
uses



Key Land Uses Acreage

Lakes 360

Tournament Venue 77

Multi-use Recreational 103.8

Retail 66.8

Tourist services 121.6

SFM-EE Draft 
Reclamation 
Plan



New Approach 
on Land 
Planning



A New Approach - End to End Land Strategy

Ag Ops / 
Post-mine 
land use

ComplianceEcologyReclamationMining 
OperationsPermitting

Land 
Management 

/ Ag Ops
Acquisition

Economic Output Points

Minimize Timeframes

Permit with post-mine land use in mind



Just Scratching the Surface……

A Blank Canvas Opens up Future Possibilities for Hardee and DeSoto Counties
• Economic development projects can be incorporated right into reclamation plan

• By placing projects into the reclamation landscape, it can be done in ways that 
limit or eliminate environmental impacts those projects would have created 
elsewhere
 Flood plains will be buffered in reclamation plan

 Stormwater management can be accounted for to protect the surrounding watershed

 Wildlife corridors can co-exist with these land uses when you have the opportunity to
plan at a landscape level

 Ag operations can be integrated into broader landscape

• Land will return to economic production much faster
 With proper planning, can provide greater economic benefit than it did prior to mining



A Platform to 
Plan Land 
Investment

Ag Ops / 
Post-mine 
land use

ComplianceEcologyReclamationMining 
OperationsPermitting

Land
Management 

/ Ag Ops
Acquisition

Track Land Parcels as they Progress Through Land Use Cycle

Investment Planning 
Points

Capital Plan 
Execution

Release Timing 
Analysis

Release Timing 
Schedule

Short Term 
Capital 
Planning

Long Term 
Capital 
Planning



What About the 
Really Old 
Stuff?
We Must Get Creative & 
Maintain Long-term 
Commitment to Chip Away 
at Old Land



Existing Old Lands



Existing Conditions



Proposed Conditions



Progress is Being Made



Location of Fish Farm



Expansion of Agricultural Operations

• Early Reclamation is Blighted and Must be Improved

• Annual Capital Investments have Expanded our Agricultural Operations 
Across Legacy Lands

• Agricultural Crews have Developed Innovative Approaches to 
Economically Convert Landscapes with High Densities of Invasive 
Species
 Sod Fields

 Hay Fields

 Row Crops

• Better Lease Terms will Result in Better Maintained Lands in the Future
 Any land not maintained will degrade, reclaimed or not



Agricultural Operations Examples

Industrial Hemp Trial on CSA in Polk 
County

Early Reclaimed Land Converted to 
Hay Field



Agricultural Operations Examples

Sod Farm on Sand Tailings Reclamation



Orange Groves

1999 2022



QUESTIONS?





OVERVIEW 

Three main regulatory programs govern the post-mine landscape:
• Mandatory reclamation rules require reclamation of every acre affected by mining operations
• Environmental Resource Permit (ERP) requires protection against off-site impacts to water 

resources & mitigation of wetland/surface water impact
• Clean Water Act 404 permit requires avoidance and minimization of impacts and mitigation of 

waters/wetlands impacts

These programs all include financial assurance requirements to assure completion

DeSoto County has detailed reclamation rules that can be more stringent
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History of Florida Reclamation Regulations
Chapter 378, F.S. & Rule 62C-16, F.A.C; ERP

1972
Federal Clean Water Act regulates 
discharge of pollutants into Waters 
of United States 

1978
Chapter 378, required Department 
of Natural Resources to develop 
a Reclamation Plan for lands mined 
after 1975 and funds for reclaiming 
lands mined before 1975. Also creates 
funding for FIPR research.

1986 – 1995
Multiple voluntary restoration 
projects are initiated to show 
successful wetland and stream 
construction, as well as wildlife 
habitat. These projects 
continue to be successful.

1984
The Warren S. Henderson 
Wetland Act regulates 
activities in waters of the 
state and in wetlands. 
Wetland Resource Permits.

1995
Environmental Resource Permit Program 
(ERP). Goal of no net loss of wetland
and other surface water functions. Also
protects against any off site impacts

1986
The Phosphate Land Reclamation Act (Ch. 86-294 LOF) added 
Part III to Ch. 378 to require mined lands be reclaimed to a 
beneficial use in a timely manner and in a manner which recognizes 
the diversity among mines, mining operations and types of lands 
which are mined.

The Act recognized mineral rights, required reclamation rules 
be developed and required approval of Conceptual Reclamation 
Plans. Set deadlines for completion of reclamation and required 
financial responsibility to cover acres to be reclaimed if reclamation 
falls behind schedule; provided penalties for non-compliance.

2006
Chapter 62C-16 is updated to require at least 
foot-for-foot stream restoration; natural lakes, 
ponds and floodplains must be restored acre-for-
acre, type-for-type; non-wetland flood plains may 
be restored as wetland floodplains if the 
floodplain functions are maintained or improved

2013
Statewide ERP is created 
and streamlines restoration 
efforts that are required 
by both ERP and CRP

2004
Uniform Wetland Assessment 
Method is developed and used 
for permits and mitigation 
purposes.

1987
Phosphate reclamation rules amended 
to require wetlands be reclaimed acre-for-acre, 
type-for-type in a manner that maintains or 
improves their existing water quality and 
biological function. Innovative techniques that 
will hasten reclamation or improve the quality 
of the reclamation are encouraged.



STATE RECLAMATION: 62C-16.0051(1)-(3) FLA. ADMIN. CODE 

 Safety
-Sites cleaned up
-Temporary structures removed

 Backfilling/Contouring
-To best enhance site recovery
- Slope requirements
-Erosion protection/stabilization requirements

 Soil Zone
-Good quality topsoil or other suitable growing medium
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STATE RECLAMATION: 62C-16.0051(4) & (5) F.A.C.

 Wetland reclamation
- At least acre-for-acre, type-for-type
- Must reflect biological structure/hydrology of disturbed wetlands
- Must maintain or improve existing water quality in and the biological function of the wetlands
- S. 373.414(6)(b), F.S.: wetland reclamation meeting "maintain or improve" criteria can also be 
wetland mitigation (but doesn't have to be)

 Surface water reclamation:
- Lakes: acre-for-acre
- Natural Streams: foot-for-foot
- Floodplains: acre-for-acre (can be restored as wetlands)
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STATE RECLAMATION—62C-16.0051(6)-(9) F.A.C.

 Wetland & Water Bodies Design Requirement 
- Zones of water fluctuation – at least 25%
- Fish bedding/submerged vegetation zones – at least 20%
- Tree/Shrub Greenbelts – 120’ wide, gently sloped

 Water Quality
 Flooding & Drainage: off-site and adjacent properties must be protected
 Waste Disposal

(1) Clays
(2) Tailings
(3) Solid Waste
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STATE RECLAMATION—62C-16.0051(10)-(11),(13) F.A.C

 Revegetation
(1) Revegetation Plan
(2) 10% upland must be forested
(3) Wetland reclamation must use best available technology
(4) % cover/density requirements 1 year after planting
(5) Indigenous species (except crops, pasture grasses)
(6) Protection from mowing, grazing, etc. during establishment (3-5 years)

 Wildlife Habitat
 Exceptions & innovations that will improve reclamation quality
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STATE RECLAMATION—62C-16.0051(12) F.A.C: TIMING

1. Backfilling of mined-out areas as soon as practical after mining is complete 
2. Contouring for all acres mined: no later than 18 months after an area is capable of 

being contoured.
3. Contouring for lands disturbed but not mined: no later than the end of the year 

following the year in which mining operations ceased on such lands.
4. Revegetation: as soon as practical after each acre is contoured, but no later than 

six months after contouring is required to be completed. 
5. Reclamation shall be completed within two (2) years of the actual completion of 

mining operations, exclusive of the required growing season to ensure the growth 
of vegetation.
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STATE RECLAMATION – OTHER SELECT PROVISIONS

62C-16.0032 Application Filing Procedures
62C-16.0033 Application Review Procedures
62C-16.0036 Application Standards
62C-16.0067 Inspections
62C-16.0068 Release Procedures
62C-16.0071 Violations, Damages, and Penalties
62C-16.0075 Financial Responsibility
62C-16.0091 Annual Reports

41



ENVIRONMENTAL RESOURCE PERMIT: 

Ch. 373, Part IV, F.S.; Rule 62-330 F.A.C.; 2-vol. ERP Applicants Handbook
Requires the applicant to provide reasonable assurances of:

• No harm to water resources
• No violation of water quality standards
• Not contrary to the public interest (7-factor balancing)

Must eliminate & reduce wetland/waters impacts
Must fully offset all adverse impacts to wetlands/water functions with mitigation
Wetland reclamation can also be wetland mitigation if it will "maintain or improve" the 
wetland's water quality and functions. s. 373.414(6)(b), F.S. (but not required)
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ENVIRONMENTAL RESOURCE PERMIT: RULE 62-330.301, F.A.C. : PROJECT, WITH 
RECLAMATION AND MITIGATION, MUST:

(a) Cause no adverse water quantity impacts
 b) Cause no adverse flooding
(c) Cause no adverse impacts to existing surface water storage/conveyance capabilities
(d) Cause no adverse impacts to fish and wildlife and listed species
(e) Cause no violations of state water quality standards
(f) Cause no adverse secondary impacts to the water resources
(g) Cause no adverse impacts to the maintenance of MFLs
(i) Be capable of performing and functioning as proposed
(j) Be conducted by an entity capable of ensuring permit terms and conditions will be met
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RULE 62-330.302, F.A.C.: PUBLIC INTEREST TEST: CONSIDERS THE EFFECTS 
OF THE PROJECT, WITH RECLAMATION AND MITIGATION, ON:

 Public health, safety, or welfare or the property of others
 Conservation of fish and wildlife, including endangered or threatened species, or their 
habitats
 Navigation or the flow of water, erosion or shoaling
 Fishing/recreational values or marine productivity
 Any significant historical and archaeological resources
 The current condition and relative value of functions of area
As part of this evaluation, must also consider whether the activity is temporary or 
permanent and whether the project will cause unmitigated adverse cumulative impacts 
to wetlands or surface waters

44



STATE 404 PERMIT: 62-331 F.A.C. & STATE 404 HANDBOOK

Dredge & fill of waters of the U.S. assumed by FDEP
Requires that all of the ERP conditions for issuance be met
Additionally requires

• Selection of Least Environmentally Damaging Practicable Alternative
• Assessment of effects on aesthetics of aquatic environment
• No jeopardy to the continued existence of federally listed species or adverse modification or 

destruction of their critical habitat, if any has been designated
• Mitigation hierarchy must be followed: mitigation banks as "first choice"; also allows wetland 

reclamation as an option if it will “maintain or improve the water quality and the function of the 
biological systems present at the site prior to” mining
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MITIGATION REQUIREMENTS (ERP/404)
Mitigation must fully offset all adverse impacts to wetlands/waters including secondary and 
cumulative impacts
Must be viable and sustainable
Mitigation often requires more than 1:1 wetland reclamation
Monitoring, maintenance & adaptive management required
Options:

• On-site preservation and/or enhancement;
• On-site reclamation (creation);
• Off-site mitigation; and/or
• Mitigation bank credits

Long-term protection and management
Financial assurances of 110% of estimated costs
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REGULATORY RELEASE PROCEDURES: RULE 62C-16.0068 F.A.C

1. Once reclamation requirements are met within a parcel, release requested

2. DEP must inspect the area and then provide written notice of findings

3. Release only if all regulatory and CRP/permit success criteria are met

4. Wetland regulatory release also subject to ERP/CWA 404 permit – separate 
release under the ERP and State 404 rules

5. Success criteria for uplands are contained in the CRP and Rule 62C-16.0051.

6. Success criteria for wetlands are contained in ERP and 404 permit

7. Timing depends on what's being reclaimed, but 2 year min. "no intervention" for 
wetlands
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MINING ORDINANCE 2012-06

Reclamation must be consistent with state rules + ordinance
Board can require faster reclamation
Specific County requirements for Agricultural Lands

• Topography: sufficiently level and free of holes and washouts 
• Stability: sufficient to support farm equipment and livestock
• Slope: as approved and not greater than 4:1

Specific County requirements for South Florida Flatwoods
• Must use native species of trees, shrubs, forbs and grasses
• Must re-establish general distribution of native flora to ensure suitable wildlife habitat
• Must consider plant diversity, edge effect, escape cover
GOAL: Suitable livestock carrying capacity + secondary benefits to wildlife, timber, aesthetics
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MINING ORDINANCE 2012-06: WETLANDS

Specific County requirements for Wetlands
(1)Beyond acre-for-acre, additional land may be reclaimed to a wetland area. 
(2) If appropriate to Administrator, acceptable to reclaim wetlands with smaller, high 
quality wetland systems and/or off-site mitigation, within DeSoto County where 
practical and appropriate. 
Reclamation or creation of a wetland shall be in accordance with the following:
(1) Must have necessary soil moisture/saturation naturally without manipulation
(2) Banks/slopes must have self-sustaining vegetation & be stable, not erosive
(3) Native species that are health and self-propagating must be used
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MINING ORDINANCE 2012-06: LAKES

Specific County requirements for Lakes/Water Bodies
•Littoral zones below MWL of shoreline and within central area of lake

•Low-profile perimeter berms/swales required to intercept/filter 
overland runoff to the lake

•Lake depth established by state shall apply
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MINING ORDINANCE 2012-06: REVEGETATION

Improved pasture: 80% ground cover of perennial vegetation > 1 complete growing season. Bare areas < ¼ 
acre
South Florida flatwoods: longleaf pine, slash pine, oak; native grasses, legumes, forbs

• No more than 90% of trees planted to pine.
• 20 trees/acre with adequate native ground cover in 1 year; 15 trees/acre of at least 1 meter in 5 years
• 50% ground cover of flatwood species in 1 year

Wooded wetlands: at least 3 native tree species
• No more than 80% planted density in one species.
• 200 trees/acre in 1 year; 100 trees/acre of 1 meter height in 5 years

Marsh:
• Mulch from an approved donor site or other approved techniques.
• 50% ground cover of herbaceous wetland species in 1 year; Growing seasons shall be species-specific.
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MINING ORDINANCE 2012-06: PROTECTION

•Flatwoods protected from grazing, mowing, other land uses for 3 
years > planting

•Wooded wetlands protected for 5 years > planting

•Marsh wetlands protected for 3 years > planting
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FINANCIAL ASSURANCES--WETLANDS

ERP/State 404 Wetland Mitigation: S. 373.414(19)
• Required prior to any wetland /water disturbance
• Must cover 110% of the total mitigation cost
• Three years’ worth of costs at a time
• Includes monitoring, maintenance, management, corrective actions
• Updated annually 
• Form of security must be type approved in statute
• Amount must be based on third-party cost estimates

53



South Fort Meade-Hardee
Mitigation 2022 Financial Assurance Update

Land Use Mitigation
(acres) Total Costs MITIGATION OBLIGATION (110%)

Wetland & OSW Reclamation 596.10 $8,030,507 $8,833,558

Stream Reclamation (Linear Feet) 69,797 $3,707,617 $4,078,379

Stream Macroinvertebrate Sampling 53 Segments $305,869 $336,456

Water Quality/Quantity Monitoring

21 Wetlands and 
53

Streams $1,454,150 $1,599,565

Post Wetland Modeling & Design

66
Uncontoured

Wetlands and 43 
Stream

Segments $7,532,906 $8,286,197

Construction Management 316.85 $555,909 $611,500

Totals $21,586,958 $23,745,655 54



COUNTY FINANCIAL ASSURANCES FOR RECLAMATION

Required prior to commencement of mining
Form of security must be type approved by Board
Amount based on first year of:

• Acres to be mined ($5,000 per acre)
• Acre-feet of above-grade storage of largest approved clay settling area ($1,000 per acre-foot)

Payable to County to cover all costs/expenses to complete reclamation not 
completed per MMRP + cost of any cleanup due to CSA release
Updated annually
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No. Description Acres Earthwork Revegetation Maintenance and 
Monitoring Total Cost Per Acre Bonding Cost 

1 Monitoring & Maintenance of Areas Revegetated, Not Released 0   $282 $282 $0 
2 Areas Contoured and Backfilled, Not Revegetated 0  $425 $282 $707 $0 

3A Mined Out Area (Reclaimed Lakes) 0   $282 $282 $0 
3B Mined Out Area (Areas Not Backfilled) 613 $8,962 $425 $282 $9,669 $5,927,097 
3C Mined Out Area (Areas Partially Backfilled) 250 $3,232 $425 $282 $3,939 $984,750 
3D Mined Out Area (To Be Contoured and Revegetated) 0 $308 $425 $282 $1,015 $0 

5 Water Recirculation System 0 $1,359 $425 $282 $2,066 $0 
6 Plant Site and Physical Facilities 94 $2,185 $425 $282 $2,892 $271,848 
7 Disturbed, Not Reclaimed 560 $1,359 $425 $282 $2,066 $1,156,960 

8A Stripping Overburden Area 0 $3,195 $425 $282 $3,902 $0 
8B Pre-Stripped Area 0 $1,359 $425 $282 $2,066 $0 
*9 Upland Forest Planting 145 $985 $2,331  $3,316 $480,820 

*10 Upland Native Communities - Nuisance Control 52   $282 $282 $14,664 
*11 Wetland Forest Planting 63  $2,263 $411 $2,674 $168,462 
*12 Herbaceous Wetland Planting 54  $1,461 $1,745 $3,206 $173,124 
13A Reclaimed and Released by FDEP (Manatee County Pending) 0   $141 $141 $0 
13B Reclaimed and Released by All Agencies 0     $0 

 Areas Not Disturbed 2,824     $0 
Total Acres 4,341  

 
Subtotal Bonding Cost $9,177,725 
10% Contingency Cost $917,773 
Total Bonding amount Including 10% Contingency Cost (2021/2022) $10,095,498 

 
2021/2022 Bond Amount $7,988,534 

Change in Bond $2,106,964 
 



LONG-TERM MANAGEMENT & PROTECTION OF WETLAND MITIGATION: 
ERP  

ERP Handbook 10.3.3
• Mitigation must provide for viable and sustainable wetland functions

ERP Handbook 10.3.5
• Applicant must implement methods to assure that mitigation areas will not be adversely impacted 

by incidental encroachment or secondary activities that might compromise success or long-term 
viability

ERP Handbook 10.3.8
• All conservation easements, deed restrictions and restrictive covenants accepted for mitigation 

must be in perpetuity without encumbrances that affect ecological viability
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LONG-TERM MANAGEMENT & PROTECTION OF WETLAND MITIGATION: 
STATE 404

 State 404 Handbook, 8.5.6.3
All ERP Mitigation requirements apply

• Mitigation must provide for viable and sustainable wetland functions

Long-term protection instrument required
Long-term management plan must:

• Identify management entity
• Identify any long-term management needs
• Identify any long-term financing needed 
• Long-term financing instrument must be approved by DEP

No release from long-term requirements until area is self-sustaining
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QUESTIONS?

59



Reclamation Plan 
Development 

Shannon Gonzalez
January 31, 2023



• Senior Ecologist/Principal Flatwoods Consulting Group Inc.
• B.S. Biology, M.S. Zoology University of South Florida
• Senior Professional Wetland Scientist (Sr. PWS) Society of Wetland Scientists
• FFWCC Authorized Gopher Tortoise Agent
• FDEP Certified in Habitat Assessment and Stream Conditions Index
• 24 Years Experience in Wetland Delineation, Wetland Assessment, Wildlife Ecology and

Permitting
• Wide Variety of Projects/Clients in Various Industries, such as Mining, Utilities and

Transportation, Municipal Services, and Private Development

Experience and Expertise
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• Documentation of Existing/Historic Conditions

• Evaluation of Current Resources

• Reclamation Plan Development 

• Topography 

• Land Cover

• Post-mining Landscape

• Integration with Unmined Areas 

Outline of Discussion



Documentation of 
Existing/Historic Conditions

• Current Aerial 
• Historic Aerial 
• Lidar Imagery 
• NRCS Soils

• FNAI Habitats
• NWI Wetlands
• NHD Streams
• Floodplains
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Combination of Above Data Layers



Current Aerial 
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Historic Aerial 
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Lidar Soils



NWI Wetlands 

66

NHD Streams



Wetland Delineation & Land Cover Mapping 

• Previous items used in desktop review to prep for field effort 
• Wetlands lines reviewed, adjusted and approved by FDEP –

County Staff may elect to participate 
• Approved wetland lines used as basis for mapping - wetland 

inside line; upland outside line 
• Once the line is set, then habitats can be classified more 

precisely
• Finally, wetlands and uplands are assessed for quality and 

function
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Wetland Delineation 
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Existing Land Use



UMAM Analysis 
• UMAM analysis 

provides an evaluation 
of functions provided 
by each onsite wetland.

• Does not occur on 
most development 
sites, which only 
assess impacts and 
mitigation 
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Temporary Land Use

70

Mining is a Temporary Land Use

Section 378.202(1), F.S. recognizes that phosphate mining 
is a temporary land use
(1) …. mining is a temporary land use. Therefore, it is the 
intent of the Legislature that mined lands be reclaimed to a 
beneficial use in a timely manner and in a manner which 
recognizes the diversity among mines, mining operations, 
and types of lands which are mined. 



Typical Development Site 

Temporary Land Use
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Reclamation Plan Development 

• Must meet Reclamation Rule
• Designed to incorporate recommendations from 2008 FIPR Study

– Landscape-level connectivity between reclaimed habitat and reclaimed corridors
– Plan for habitat heterogeneity
– Use the best soils available 
– Plant and maintain diverse vegetation
– Develop and implement an adaptive management plan
– Standardize monitoring to allow for consistent data collection and use in adaptive management plan

• Match existing grade/habitats at the no mine boundary 
• Historic conditions often the target – prior to ditching/draining 

and/or agricultural conversion
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Pre-mining Land Use
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Post-reclamation Land Use



Evidence of Successful Reclamation
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Natural Areas Reclamation 

Rangeland

Alderman Bay System and Reclaimed Uplands

Mixed Forested Upland
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Natural Areas Reclamation 
Unmined Mined & Reclaimed
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UMAM – Mined vs. Avoided vs. Reclaimed
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Temporary Land Use
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A 2011 FDEP Study evaluated 105 reclaimed and released wetlands on 19 different phosphate 
mines concluded that newer mines had higher UMAM scores, on average than older mines. 
Some of the newer mines had a mine-wide average UMAM score of 0.80.

Evolution of Reclamation Success
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Demonstration of Wetland Reclamation Success

March 2016



Peace River Reclamation Wetlands
Wetland ID Time Since Revegetation Total UMAM Score

Forested
GSB(2) - W23 (FG-23) (610) 21 years (1995) 0.70
MR(1) - Maron Run - B (617) 16 years (2000) 0.63
MR(1) - Maron Run - D (617) 16 years (2000) 0.67

ST(3) - PR3 (617) 12 years (2004) 0.83
DB(5)-DB-HW-R3 (617) 11 years (2005) 0.63
Hickey Branch-R-7 (617) 28 years (1988) 0.70

PB - Parker Branch - 10 (621) 8 years (2008) 0.80
PC-SP(2) - PC-SP(2d) (630) 24 years (1992) 0.77

Herbaceous
PC-SP(2) - PC-SP(2d) (640) 24 years (1992) 0.77

HC(1)-HC-IS-R8 (640) 8 years (2008) 0.77
DB(5)-DB-IS-R8 (641) 8 years (2008) 0.73

PB - Parker Branch - 2 (641) 8 years (2008) 0.77
PB - Parker Branch-1 E-3 (641) 5 years (2011) 0.77
WFHC(9) - Manson Jenkins - 29 11-16 years (2005-2008) 0.70

MR(1) - Maron Run - C (641) 16 years (2000) 0.67
MR(1) - Maron Run - D (641) 16 years (2000) 0.73

Average UMAM Score 0.73

Wetland ID Time Since Revegetation Total UMAM Score

Herbaceous
NFM(1)-B (641) 13 years (2003) 0.77

Average UMAM Score 0.77

Manatee River Reclamation Wetlands



Wetland ID Time Since Revegetation Total UMAM Score

Forested
MU 1E / ASP(2a) - Trib A (610) 21 years (1995) 0.73

ASP(2a) - Lake Branch Up Front (611) 20 years (1996) 0.77
MU 1F / LB (2) - Area A (610) 21 years (1995) 0.73

HP(9) - Section 13 (617) 19 years (1997) 0.70
Herbaceous

ASP(2a)/MU 1E-Trib A (643) 21 years (1995) 0.80
MU 3/7 / EC(1) & NPA(7) - 2/3 (641) 16 years (2000) 0.67

MU 1F / LB (2) - Area A (640) 21 years (1995) 0.80
Average UMAM Score 0.74

Alafia River Reclamation Wetlands 

Wetland ID Time Since Revegetation Total UMAM Score

Forested
LMR(4) - 313 (611) 11 years (2005) 0.73

MU 10 / AC(5) - B (611) 16 years (2000) 0.67
Herbaceous

MU 7 / AC(4) - T (641) 18 years (1998) 0.73
LMR(7) - 111 (641) 12 years (2004) 0.80

MU 11E / AC(6) - A (641) 15 years (2001) 0.63
AC(7) - 215 (641) 12 years (2004) 0.73

MU 9 / LMR(3a) - N (641) 14-15 years (2001-2002) 0.80
MU 11E / AC(6) - A (643) 15 years (2001) 0.67

Average UMAM Score 0.72

Little Manatee River Reclamation Wetlands 





Typical Monitoring/Maintenance/Release 
Criteria
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CRP Specific Condition 4

Stream systems (FLUCFCS 511) on the Wingate East parcel shall be
constructed in accordance with the design criteria set forth in Appendix 2-
2-B-i (Stream Mapping, Assessment, and Reclamation Design Guidance,
Wingate East Mine, Manatee County, Florida) to achieve the approximate
stream lengths listed on Table 4-5 until a minimum of 21,530 linear feet of
stream (FLUCFCS 511) is reached...Hydrologic modeling results shall be
compared to classifications for the hydrological regimes, ...to confirm
that designed stream flow and the relative amount of time that water is
present above the bed is at least within the range of existing streams.



CRP Specific Condition 5

Within 90 days after final grading of a restored stream (FLUCFCS 511), on 
the Wingate East parcel, the applicant shall prepare a construction 
report documenting that the restored reach has been constructed in 
accordance with the specifications outlined in Appendix 2-2-B-i and the 
final design plans. ...



CRP Specific Condition 6 (1 of 3)
The following practices shall be implemented in the reclamation of upland habitat areas on the Wingate East parcel to maximize
benefits to wildlife and adjacent wetlands:
a. Rangeland (FLUCFCS 300 series), other than palmetto prairie (FLUCFCS 321), shall be revegetated to achieve a general target
of a 50/50 percent mixture of grassland and shrub-brush cover. Revegetation shall be done by topsoiling, direct seeding or
planting a diverse combination of the shrub and groundcover species ...
b. Where 300 FLUCFCS series is adjacent to wetlands or other surface waters, copses of upland trees shall be planted to meet
the vegetative requirements of a 120-foot perimeter greenbelt of trees and shrubs around wetlands...
c. Pine flatwoods (FLUCFCS 411) and palmetto prairie (FLUCFCS 321) shall be reclaimed by placing a minimum layer of 18
inches of sand tailings over the overburden. In addition, three (3) to six (6) inches of direct transferred native topsoil from pine
flatwoods or palmetto prairie areas shall be applied. If topsoil is not available, a green manure crop shall be seeded and disked in
after it has matured before applying a flatwoods or palmetto prairie native ground cover seed mix to the site. In flatwoods
reclamation sites, longleaf pine (Pinus palustris) or slash pine (Pinus elliottii) shall be planted in the appropriate areas to
achieve densities between 25 and 75 trees per acre. In flatwoods and palmetto prairie reclamation sites, shrubs typical of
central Florida flatwoods and palmetto prairies will be recruited from the topsoiling, planting, and/or seeding to achieve a
minimum average density of 300 shrubs or subshrubs per acre. The shrub and groundcover species listed in Tables 4-4-A and 4-
4-B-ii shall be recruited or planted to achieve a total vegetation cover of at least 60 percent.



CRP Specific Condition 6 (2 of 3) 

d. Areas designated as xeric oak scrub (FLUCFCS 421) and sand live oak forest (FLUCFCS 432)
shall have several feet of sand tailings placed over the overburden. In addition, three (3) to six (6) inches
of direct transferred native topsoil shall be applied. If topsoil is not available, a green manure crop shall
be seeded and disked in after it has matured before applying a scrubby flatwoods or scrub native ground
cover seed mix to this site or planting with the species listed in Table 4-4-C. Trees and shrubs typical of
central Florida scrubs shall be recruited from the topsoil, planted, and/or seeded to achieve a
minimum density of 300 plants per acre. Vegetative cover in these areas shall be greater than 50
percent.

e. Upland coniferous forest areas (FLUCFCS 410)...are designed to serve as greenbelts around the
created wetlands, as wildlife habitat, and as forested corridors. These areas will be revegetated by
seeding and/or planting a diverse combination of the native species...and planting with long leaf pine
(Pinus elliottii) and slash pine (Pinus palustris) to achieve a density of 200 trees per acre. A minimum of
5 native species will be planted and cover by bahia grass (Paspalum notatum) and Bermuda grass
(Cynodon dactylon) shall be minimized. Soil types and hydrology will be considered when selecting
species to be planted or seeded.



CRP Specific Condition 6 (3 of 3) 

f. Other upland forest areas, including FLUCFCS 425, 427 and 434, shall be revegetated with the native
ground cover, shrub and trees species listed in Tables 4-4-D and 4-4-E to achieve a density of 200 trees
per acre and 100 shrubs per acre. Soil types and hydrology will be considered when selecting species to
be planted or seeded.

g. Native grass species shall be incorporated into the groundcover in all reclaimed native habitat
areas. Local seed sources for easily established perennial native grasses will be used to the extent
available, as a measure to pre-empt colonization by exotics. Examples of such native grasses include
lovegrasses (Eragrostis elliottii, E. spectabilis), fingergrass (Eustachys petraea), thin paspalum
(Paspalum setaceum), and beaked panicum (Panicum anceps)

h. Bahia grass (Paspalum notatum), Bermuda grass (Cynodon dactylon), and exotic grass species
shall not be used in the ground cover in native habitat areas except in limited amounts where
needed for initial stabilization in areas highly prone to erosion. If these grasses must be used in such
areas, they shall be maintained to prevent their proliferation.



CRP Specific Condition 7

The applicant shall make every effort to control cogon grass (Imperata cylindrica)
within the project by eradicating existing cogon grass prior to mining, removing cogon
grass that may colonize spoil piles during mining, inspecting donor topsoil areas to
prevent infestation, regularly treating cogon grass on reclaimed sites to maintain
coverage below ten (10) percent (%), and below five (5) percent (%) within 300 feet of
reclaimed wetlands, and treating equipment that may have been operated in infested
areas prior to being brought on site.



Reclamation and the IHN
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Final Thoughts
“Today, reclamation of wetland and upland habitats on lands
mined for phosphate, like wetland mitigation,
is conducted with large-scale system connectivity and the overall
watershed in mind, in accordance with
the goals of FDEP’s IHN.”

- USACE FAEIS Section 5.7.3
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Presentation by
Ardaman & Associates, Inc.
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• Nestor Aceituno, PE, CFM – Director/Senior Project Engineer
– Civil Engineer with 30 years of experience in hydrology, hydraulics, water resources engineering 

and civil engineering 

• Ardaman & Associates, Inc. - Qualifications
– Founded in 1959 with a staff of nearly 400
– Water resources group with staff dedicated to watershed management
– Watershed, stormwater and restoration projects spanning more than 1,700 square miles in dozens of 

watersheds throughout Florida
– Worked under Dr. Garlanger, PhD, PE (engineer of record) to develop the Hydrologic and Hydraulic 

(H&H) models for the Desoto Mine for which we received an ERP from FDEP

Hydrologic & Hydraulic Modeling
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Surface Water Evaluations

Hydrology, transforming rainfall into runoff
Hydraulics, runoff motion

Watershed Evaluation

Model development, (H&H) modeling

Pre/Post Evaluations Existing Vs Post-Reclamation
at Critical Points (CP’s)

*Peak Discharge (cfs)
*Peak Stage (ft)
*72-hour Vol. per Tributary (acre-ft)

Model TestingModel Development

Agenda

Post-Reclamation Scenario
Existing Scenario
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Hydrology

 Watershed Extent - Domain/Tributaries

 Sub-basin Delineation
 Pre-Mining Land Use
 Pre-Mining Soils
 Curve Number - Infiltration Method

 Time of Concentration 

Create Sub-basin’s 
Inflow Hydrographs
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Hydrology

 Sub-Basin Delineation 
based on

 Digital Terrain Model 

 Arc Hydro Tools for ArcGIS
 Manual Delineation

 Watershed Extent
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Hydrology

 Watershed Extent
 Sub-basin Delineation
 Pre-Mining Land Cover 

(FLUCCS Code)

Sources:
 WMD’s
 Site Specific Surveys

Florida Land Use, Cover and Forms 
Classification System
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Hydrology
 Watershed Extent
 Sub-basin Delineation
 Pre-Mining Land Use
 Pre-Mining Soils

Hydrologic Soil Groups (HSG’s)
A, B, C, D
Sources:
 USDA/NRCS
 WMD’s
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Hydrology

 Watershed Extent
 Sub-basin Delineation
 Pre-Mining Land Use
 Pre-Mining Soils
 Curve Number- Selected infiltration method
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Hydrology

 Watershed Extent
 Sub-basin Delineation
 Pre-Mining Land Use
 Pre-Mining Soils
 Curve Number
 Time of Concentration 
 TR-55
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Hydrology Simulation

ICPR Simulated Sub-Basin Runoff Hydrograph

Sub-Basin Input Summary    
(Sample)

 Area = 43.7 acres
 CN= 90.24 (from Land Use and Soils)
 TC = 48 minutes
 PRF= 256 (flat area)
 AMC = II
 Rainfall Distribution = Type II Florida 

Modified
 Rainfall = 8.0 inches (25-Year)
 Rainfall Excess Method = SCS CN
 Computation Method = SCS Unit 

Hydrograph
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Hydraulics

 Watershed-Network Topology
 Terrain
 Desktop Reconnaissance
 Review of Available Data
 Field Reconnaissance
 Survey Request
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Hydraulics

 Watershed - Network Topology
 Terrain
 LiDAR DATA - Light Detection and Ranging

 USGS QUADS
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Hydraulics

 Watershed - Network Topology
 Terrain
 Desktop Reconnaissance

Identify Hydraulic Features

Source: Google Earth Source: Google Earth Street View 
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Hydraulics

 Watershed - Network Topology
 Terrain
 Desktop Reconnaissance
 Review of Available Data
 Previous Surveyed Data
 FDOT Plans
 ERPs
 WMPs
 As-Builts

Example of FDOT Plan
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Hydraulics

 Watershed - Network Topology
 Terrain
 Desktop Reconnaissance
 Review of available Data
 Field Reconnaissance
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 Watershed - Network 
Topology

 Terrain
 Desktop Reconnaissance
 Field Reconnaissance
 Review of available Data

 Survey request
 +All previous data

Hydraulics
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Model Development - GIS

 Sub-Basins
 Nodes
 Lakes
 Wetlands
 Ponds
 General depressional 

features

 Reaches/Links
 Channels
 Culverts
 Weirs
 Bridges

(geodatabase)
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Model Development - GIS
GIS Database

(geodatabase)
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Model Development – GIS to ICPR

Data Parameterization • Basin Parameters
• Node Type and Storage
• Link Characterization

ICPR importGIS Database ICPR network topology

Interconnected Pond Routing
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Model Development - Initial Model Runs

 Initial runs and model debugging
 General geometry check
 Wet static condition (water level at control elevation) 
 Zero discharge at t=0



Su
rf

ac
e 

W
at

er
 E

va
lu

at
io

ns

Model Development - Testing

Model Results Initial QA/QC Protocols:

 Initial flows and stages 

 Stage/flow hydrographs check for instabilities

 Water mass balance/continuity (Qin = Qout)

 Channel bottom and flood profiles

 Channel extrapolations (conveyance polygons)

 Glass walls/overflow Areas

Pre-Mining Scenario (Benchmark) Model
to be used for Pre-Mining vs Post-
Reclamation (Pre/Post) Comparisons

Example of unstable discharge hydrograph

Example of stable discharge hydrograph
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Model Development – Existing Model

Existing Model:

 Basins 
 Nodes 
 Reaches           

o Bridges
o Culverts
o Drop-Structures
o Channels
o Weirs
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Model Development – Post-Reclamation Model

Post Reclamation Model:

 Basins 
 Nodes 
 Reaches           

o Bridges
o Culverts
o Drop-Structures
o Channels
o Weirs
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Pre Vs Post Evaluations at Critical Points

Critical Points:
 Peak discharge (cfs)
 Peak stages (ft)
 72-hour volumes (acre-ft)

 Located where stormwater 
flow enters or exit the 
Mine boundary or public 
roads

 Pre/Post Comparison 
Points for Peak Discharge, 
Peak Stages, and 72-hour 
Volumes 

Pre-Mining Scenario Post-Reclamation Scenario
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Pre/Post Evaluation at Critical Points - Reporting

25-Year Peak Discharge Comparison - Example
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Pre/Post Evaluation at Critical Points – Reporting 

25-Year Peak Stage Comparison - Example

 

Downstream

Upstream
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25-Year 72-hr Discharge Volume Comparison - Example

Pre/Post Evaluation at Critical Points – Reporting 
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Pre/Post H&H Evaluations are typically
used to demonstrate no adverse impacts
from a proposed development

Conclusion

 Peak discharge rates (cfs) 
 Peak stages (ft)
 72-hour volumes (acre-ft)

No adverse impacts are  demonstrated by 
comparing pre/post model results for:

Example of Discharge Hydrograph Comparisons

Example of Stage Hydrograph Comparisons

Example of 72-hour Volume Comparisons
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Questions?

Surface Water Evaluations



Reclamation Process Overview
Lisa Lannon, Superintendent, Reclamation
Mosaic Fertilizer, LLC



Reclamation Team
Reclamation Supt/Supervisors (3)
• Supervise the activities of the Reclamation Ecologists, Field Coordinators , and contractors in the execution of earthmoving,

revegetation, and maintenance activities.

• Work with Mine Planners and Operations to integrate/implement reclamation strategies & timing

• Regulatory inspections & reporting

Field Coordinators (4)
• Oversee daily reclamation construction including sand tailings backfill, overburden placement, topsoil/muck placement, 

stream construction, contouring, and water management 

• Assist with regulatory inspections & reporting

Ecologist (4)
• Oversight of revegetation and maintenance activities post contouring through regulatory release

• Oversight of monitoring and reporting for mitigation wetlands and streams. 

• Coordinates wildlife protection policies (surveys, monitoring, and relocations)

• Assist with regulatory inspections

Roving Utility Operators (4)
• Oversight of stormwater management and CSA inspections at legacy mines with ongoing reclamation or closure activities



Prospecting for Matrix Composition and Estimating 
Material Balances for Reclamation

126

Overburden (sand & clay) 15 to 40 ft

Matrix (phosphate, sand, & clay) 10 to 40 ft

Hardrock (limestone or dense clay)

• Provides data for pre-mining 
material balance estimates
o Matrix thickness
o Overburden thickness
o Sand production
o Clay production
o Post mining void

• Material balance largely drives 
the initial reclamation designs 
(landform types, locations, and 
topography)



Mining Process Overview 



Post-Mining Evaluations

• Mine cut depths and orientation
• Overburden composition & placement
• Update reclamation designs (land use 

locations and topography)
• Update hydrology modeling 
• Update material balance



Reclamation Landforms & Land Use

Sand Backfill 
• Wetlands 
• Streams
• Uplands
• Pasture
• Agriculture
• Commercial
• Residential
• Wildlife habitat

Clay Settling Areas 
• Pasture
• Agriculture
• Tree plantations
• Wildlife habitat

Land and Lakes 
• Commercial
• Public parks
• Neighborhoods
• Lakes 
• Wildlife habitat



Water

Reclamation by Sand Backfill



Revegetation



Best Available Technology - GPS Precision Grade Control 

Blade Elevation Sensor

GPS Antenna

Tractor Cab Display

Topsoil and Muck Placement

Sand Backfill



Palmetto Prairie & Xeric Oak



Freshwater Marshes & Wet Prairies



Forested Wetlands



Stream Design Parameters

• Drainage area
• Scaled to fit reclaimed 

watersheds
• Valley slope
• Channel slope
• Inlet and outlet inverts
• Cross-section dimensions
• Stream length
• Sinuosity ratio
• Meander radius of curvature
• Meander length
• Meander belt width
• Pool depth
• Woody debris placement

http://publicaffairs.mosaicco.com/phosphate/Photos/Stream%20reclamation/P1000776.JPG


Stream Construction Time-Lapse



 Mine cuts are shaped into lakes with shallow outer littoral zones for fish spawning

 Wetlands are planted on edges and surrounding uplands are re-vegetated

Land and Lakes Reclamation



Reclaimed Public Parks and Fishing Areas



Reclamation of Clay Settling Areas

Reclamation of 
CSAs Typically 
Consists of:
• Pasture

• Agriculture

• Tree Plantations

• Wildlife Habitat



Reclamation Phases of Clay Settling Areas

Reclamation Phases:
1. Dewatering
2. Crustal Development
3. Revegetation
4. Earthmoving
5. Reconnection
6. Closure



1. Reclamation Requirements

2. Work Plan

3. Post Mining Evaluations

4. Soil Development/Soil Amendments

5. Maintenance Plans

6. Post Construction Requirements

7. Watershed Reconnection Process

Reclamation Process



• Changes in specific upland reclamation requirements

 Pine Flatwoods (FLUCFCS 411)

 Palmetto Prairie (FLUCFCS 321)

 Xeric Oak (FLUCFCS 421)

 Temperate Hardwood (FLUCFCS 425)

 Live Oak (FLUCFCS 427)

 Hardwood-Conifer Mixed Forests (FLUCFCS 434)

Reclamation Requirements



Example Conceptual Reclamation Plan Requirements

Upland Forest/Shrub Habitats

In order to maximize benefits to water quality and wildlife utilization of 
adjacent wetlands, one of the following practices shall be implemented in 
the reclamation of native upland non-forested habitat areas (FLUCCS 310, 
321, 330):

a) The area will be topsoiled with 3-6 inches of native topsoil and/or 
plugged with vegetation plugs from donor sites (donor sites will be 
chosen based on the target reclamation community); or

b) A cover crop will be seeded and disked into the cap and underlying 
sand (minimum 12-inch disk prior to planting permanent vegetation, 
then a native rangeland groundcover seed mixture will be applied to the 
site; or

c) Reclamation areas will be planted with nursery stock.



Example Conceptual Reclamation Plan Requirements

More Stringent Requirements for 
Specific Upland Landforms Listed in 

Recent Conceptual Reclamation 
Plans

Upland Forest/Shrub Habitats



General Reclamation Work Plan 

1. Post mining / Pre-reclamation modeling
2. Potential soil enhancement / use of 

topsoil
3. Final stream designs
4. Planting plans
5. Maintenance program



Post Mining Evaluations

• Final Hydroperiod Modeling: Existing wetlands were modeled as part of the 
application process. 

• Prior to construction, hydroperiod modeling will be used to finalize the design of the 
sub-surface lithology, land surface elevations and topographic gradients in each 
wetland and other surface water mitigation area and contributing upland watershed.

• Hydroperiod modeling results confirm the wetland configuration and bottom 
elevations will result in hydrological conditions suitable for wetland type and 
vegetative cover.  

• Modeling results are submitted to the Department for review and approval least 90 
days prior to commencement of contouring.



Reclamation Soils

• Reclamation Soil Amendments 
 Upland/Wetland Topsoil

 CarbonPure

 Mulch

 Seasonal Cover Crops



Soil Development Strategies – Topsoil/Muck



Soil Development Strategies – Soil Amendments

CarbonPure
Enhanced Compost



Soil Development Strategies – Topsoil/Muck

Weed Control

Reduce Soil Water/Wind Erosion

Reduce Nutrient Leaching

Establish Nutrients and Organic Material

Enhance Soil Microbial Activity

Examples:
• Millet (Summer)

• Sunn Hemp (Summer)

• Winter Rye (Winter)



Detailed Planting/Maintenance Plans

Prescribed Planting Phases (Ground Cover, Mid-story, Canopy)

Plant Diversity
• Planting Contracts
• Direct Seeding (Native and/or Pasture)

On-going Maintenance
• Vegetative Nuisance Control
 Hydroaxing
 Herbiciding
 Supplemental Planting

• Control Burns



Contract Grow Species List Example

Species (Common Name) Species (Scientific Name) Species (Common Name) Species (Scientific Name)

Saw palmetto Serenoa repens Shiny lyonia Lyonia lucida

Adam's needle yucca Yucca filamentosa Wild lime Zanthoxylum fagara

American beauty berry Callicarpa americana Winged sumac Rhus copallinum

Atlantic St Johns Wort Hypericum tenuifolium Blackeyed susan Rudbeckia hirta

Chapman's oak Quercus chapmanii Blue Maidencane Amphicarpum muehlenbergianum 

Common persimmon Diospyros virginiana Creeping little bluestem Schizachyrium stoloniferum

Coontie Zamia integrifolia Elliott's lovegrass Eragrostis elliottii

Darrow's blueberry Vaccinium darrowii Forked bluecurls Trichostema dichotomum

Dwarf live oak Quercus minima Gopher apple Geobalanus oblongifolius

Gallberry Ilex glabra Gulf hairawn muhly Muhlenbergia capillaris var. filipes 

Hog plum  Ximenia americana Lopsided Indian grass 	Sorghastrum secundum

Myrtle oak Quercus myrtifolia Lyreleaf sage Salvia lyrata

Runner Oak Quercus minima Partridge pea 	Chamaecrista fasciculata 

Rusty lyonia Lyonia ferruginea Prickly Pear Opuntia humifosia

Sand pIne Pinus clausa Purple lovegrass Eragrostis spectabalis

Scrub holly Ilex opoca var. arenicola Silkgrass 	Pityopsis graminifolia

Scrub oak Quercus inopina Slender gayfeather Liatris gracilis

Scrub palmetto Sabal etonia Splitbeard bluestem Andropogon ternarius

Shiny lyonia Lyonia lucida Tropical Sage Salvia coccinea
Wiregrasses Aristida stricta



Post Construction Requirements

• As-Built Surveys for all wetland and stream features
• Post Construction Hydrology Monitoring and Assessments

 Piezometers

 Staff Gauges

 Flow Meters

• Initial assessment of the site hydrology to be conducted for at least two 
(2) years after final contouring of each mitigation area. 



Reclamation Reconnection Process - Mosaic

1. Internal 
Assessment of 

Vegetation Coverage 
for Watershed 
Reconnection

2. Identification of 
Extent of Reclamation 

Reconnection
3. Material Balance 

Evaluation
4. Operations and 
Functional Support 

Discussion 



Reclamation Reconnection Process - Mosaic

Operations – Operation Water Storage and Conveyance

Reclamation – Reconnection Timing and Methods

Environmental – Water Quality Monitoring during Reconnections

Geotechnical – BMP Design Changes and Recommendations



Operational Water Management Areas



Reclamation Reconnection Process - FDEP

Field inspection of 
vegetation coverage 
for watershed 
reconnection

01
Water Quality Sampling 
– Field Parameters

02
Formal reconnection 
request for 
reconnection

03
Notification/inspection 
after reconnection

04



Reclamation Reconnections to Watershed

• Evaluation and Process

• Internal Checklists

• Water Quality Monitoring

• Reconnection Earthwork and BMPs



Perimeter Ditch/Berm Removal - Material Balance Analysis



Perimeter Ditch and Berm Removal



Reclamation Success



QUESTIONS?



The Strategy for Creating Natural 
Horizon Sequences 
in Reclaimed Soils

Joseph Schuster
Senior Scientist/Biologist

President and Soil Scientist
Ecological Resource Consultants, Inc.



Pedologic Definition of Soil

• The outermost layer that comprises the solid 
surface of the earth

• Soil supports growth of plants out of doors 
and/or is characterized by layers that exhibit 
morphological changes caused by genetic 
alterations of parent material

• Consists of minerals, organic matter, and voids



Soil vs Soil Material



Classification of Mineral Soil Material

• Mineral soil material classified by type and 
particle size.  

• In Florida, quartz sand and aluminosilicate 
clays are dominant mineral type

• Mineral sizes include sand size, the largest; silt 
size, barely visible to human eye; clay size 
particles are microscopic



Organic Matter

• High Available Water Capacity, High Capacity to 
Attract Nutrients

• Brown to Black in Color
• Small amount of organic matter in mineral 

topsoil layer imparts organic matter properties 
including color, to topsoil layers





Soil Water
• Available water capacity, or ability to retain 

moisture available to plants even when there is 
no water table present

• Movement of water through the soil.  Water 
moves more rapidly through sandy layers and 
slower through layers containing more clay

• Soil Drainage Classes, or range of water table 
fluctuations in the soil



How Soils are Reclaimed

• Topsoil layers are salvaged and stockpiled for 
re-use as new topsoil layers

• Underlying layers, after excavation called 
overburden, are stockpiled for creation of 
subsoils

• A portion of sand tailings are reserved to create 
new soil subsurfaces







Recreate Appropriate Topsoil Conditions



Alternative Topsoil Strategies

• 62C-16.0051 Reclamation and Restoration
Standards:  (3) Soil Zone.

• (a) The use of good quality topsoils is encouraged, 
especially in areas of reclamation by natural 
succession.

• (b) Where topsoil is not used, the operator shall 
use a suitable growing medium for the type 
vegetative communities planned.



Alternative Topsoil Strategies

• “Green Manure”, or direct mechanical 
incorporation of an annual crop into sand 
tailings

• Compost from various sources including 
treated sewage.  



Alternative Topsoil Strategies



Pedogenesis – Redox Concentrations



Pedogenesis – Translocation



Pedogenesis – Transformations in Clay



Questions?



182

Florida 
Stream 
System 
Reclamation
John Kiefer, PhD, PE, SrPWS

National Stream Restoration Practice 
Lead

Lakeland, FL



183

What makes a 
stream?

A stream belongs to its watershed and dwells in the valley.
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How do we make 
this work?

Design Methods
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• Fully integrated groundwater 

surface water

• Physics based

• Excellent hydraulics, water 

budgets, daily records

• Very useful for comparing 

mining and reclamation 

scenarios

Integrated Surface 
Water/Groundwater Model
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Sub-grading to Balance Surface and 
Groundwater Flow
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How do we 
pattern stream 
corridors?

Design Methods
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Bankfull Width for Blackwater Streams

Drainage Area (sq. miles)
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The Entire Corridor Scales to Bankfull Width
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Natural Variability vs Mathematical Design
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Morphology and Vegetation

Ditched & Cleared 
Headwater Stream Natural Headwater Stream
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Design of Vegetation and Morphology

Natural Headwater Creek

Reclaimed Headwater Creek
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Stream Zone of Confidence 
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Chain-of-Wetlands (COW)
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Stream Type Varies with Drainage Area & Valley Slope
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Stream Type & Flow Permanency
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How do we build 
stream corridors?

Multiple Methods
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Mechanical Construction
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Soil Bioengineering Stabilization

Year 0 Year 3 Year 7
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Hydraulic Construction – Valley Contour



206

Hydraulic Construction – Bankfull Flow



207

Before
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During
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Oct. 11, 2007

After
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How do we assess 
stream corridors?

Monitoring and Management
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Hydrology Monitoring
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Stability Monitoring (Morphology & Vegetation)
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Water Quality Monitoring

R-7 1993
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Fish Monitoring

Golden topminnow

Pirate perch

Largemouth bass (juvenile)

Sailfin mollie

Warmouth
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Macroinvertebrate Monitoring

Florida Biotic Index


Chart1

		Horse-72*

		Brushy*

		Joshua*

		Charlie*

		Horse-64*

		Payne**



**75% of Payne watershed was mined upstream of sample site, no other watersheds were mined.

**from Erwin 1984, 1985

*from FDER 1985

FBI

21.25

21.5

24.75

26.5

32.5

34.75



Peace River

		

						Annual Means from Quarterly Sampling

								Gardner		Browns		Arcadia		Lettuce

						Taxa		50		56		38.2		30.2

						FBI		21.5		24.5		18.5		8.5

						High Flow Period (July-Sept.) 1984

								Gardner		Browns		Arcadia		Lettuce

						Taxa		40		51		35		27

						FBI		26		16		17		5





Peace River

		



Taxa

FBI



Payne vs. the Rest

		



Taxa

FBI



Sheet3

		

		TAXA

						10-12 83		1-3 84		4-6 84		7-9 84		Mean

				Payne		42		39		48		37		41.5

				Charlie		65		69		67		66		66.8

				Joshua		60		43		58		56		54.3

				Horse-A		49		61		68		62		60.0

				Horse-B		24		42		58		64		47.0

				Brushy		80		75		67		66		72.0

		FBI

						10-12 83		1-3 84		4-6 84		7-9 84		Mean

				Payne		33		34		41		31		34.8

				Charlie		27		34		21		24		26.5

				Joshua		22		21		27		29		24.8

				Horse-A		37		41		32		20		32.5

				Horse-B		10		22		28		25		21.3

				Brushy		27		24		25		10		21.5

						FBI

				Horse-72*		21.3

				Brushy*		21.5

				Joshua*		24.8

				Charlie*		26.5

				Horse-64*		32.5

				Payne**		34.8

		Note: Payne is downstream of a portion of the watershed that is about 75% mined and was in various states of reclamation during 1984.  It was sampled quarterly using a cluster of three Hester-Dendys incubated for 30-days per event.  The other sampling sta





Sheet3

		



**75% of Payne watershed was mined upstream of sample site, no other watersheds were mined.

**from Erwin 1984, 1985

*from Rutter et al. 1985

FBI

Fig. I.b.20. 
Florida Biotic Index for High-Order Peace River Basin
Streams, October 1983 - September 1984
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Landscape Ecology Inventory

Hickey Branch (Chain-of-Wetlands)        
~ Year 25

Maron Run ~Year 12

Wetlands

Creeks
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Wildlife Reporting

22
0

Hickey Branch Herony ~ Year 25 Doe Branch ~ Year 3
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Florida Stream 
System Reclamation
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QUESTIONS?



Reclamation Compliance
Laura Morris, Superintendent, Permitting and Reclamation
Mosaic Fertilizer, LLC



Reclamation Compliance

• Dedicated Internal Team to Ensure 
Regulatory Compliance
 Regulatory Agencies/Permit Focus:

 USACE - Wetland Mitigation

 FDEP - Overall Reclamation Standards, 
Wetland Mitigation, Conservation Easements

 Environmental Protection Commission of 
Hillsborough County (EPCHC) – Wetland 
Mitigation, Conservation Easements

 Counties’ Reclamation - Overall Reclamation 
Standards



Reclamation – Performance & Regulatory Release

• Goal is to meet the Agencies’ 
Performance Criteria & Create 
Sustainable Habitats

• Obtain a “Regulatory Release” 
from all Agencies

 What is a “Regulatory 
Release”?



Manatee County Vegetative Success 
Standards Example

Reclamation –
Performance 

Standards



Reclamation – Performance Standards: FDEP



Reclamation – Performance Standards



Mining - Reclamation - Final Regulatory Release



Released Herbaceous Wetland

Reclamation - Ecosystem Services

Newly Planted Forested Wetland
Maturing Forested Wetland

Released Forested Wetland

Freshly Contoured Herbaceous 
Wetland Maturing Herbaceous Wetland



Reclamation – Regulatory Release

• Reclamation to Regulatory Release – How?
• Collaboration with Mosaic Reclamation Team & Regulatory Agencies

 Coordinate Routine Agency Inspections (Monthly to Quarterly)

 Routine Reporting to the Agencies

 Habitat Monitoring: Plans, Vegetation, Wildlife Observations

 Assess Herbicide & Supplemental Plantings

 Identification of Sites Meeting Performance Criteria

 Regulatory Release Tracking

 Regulatory Release Forecasting



Reclamation - Routine Reporting

• Annual Agency Submittals
 Variable Timing 
 Multiple Layers of Oversight

• 2021 Report Numbers
 Approximately 220 Vegetative Monitoring Reports
 Approximately 30 Annual Reclamation Reports



Habitat - Monitoring Plans

• Monitoring Plans
 Transect Placement

 Edge to Edge 

 Repeatable (GPS Technology)

• Ensure Adequate Sample Area/Distribution
 Min of 5-10% Forested/Shrub Habitat

• Hydrologic & Photographic Stations
 Piezometers

 Staff Gauges

 Permanent Photo Stations 



Habitat Monitoring – Data Collection - Vegetation 

• Herbaceous, Shrub & Tree Data:
 Point in Time Diversity Example

 52 Native Herbaceous Species

 4 Native Shrub Species

 11 Native Tree Species

Symphyotrichum elliottii 
– Elliott’s aster 



Habitat – Data - Wildlife

• Wildlife Observations Example:
 128 Species Cumulatively 

 95 Avian

 7 Amphibian

 10 Reptile

 7 Fish

 9 Mammal

 Protected Species

 6 State

 3 Federal



Vegetation – Planting & Herbicide Assessment



Data Tracking – Regulatory Release Site Identification

Database Reports 
• Provides Detailed Individual 

Habitat/Site Information

 Permit Number

 Land Use/Habitat Type

 Size (acreage)

 Basin

 Regulatory Release Status

• Annual Monitoring Results

 Meet/Not Meet Detail Results 
for Each Wetland/Site

 Success/Performance 
Criterion Details

 Trends Over Time



Reclamation Tracking – Why?

• Reclamation Regulatory Releases
 Coordination w/ Agencies

 Formal Agency Requests/Field Inspections

 Final Release Documentation

 GIS and Database Tracking

FDEP

COUNTY



Regulatory Release Forecasting
• Forecast w/ Annual Updates

• Assess all Regulatory Release Layers

 FDEP Reclamation
 Uplands

 Wetlands

 FDEP, USACE & County Mitigation
 Wetlands (Primarily)

 County Reclamation
 Uplands

 Wetlands

• Develop Action Plans as Needed
 Includes Habitat Assessments

 Herbicide Treatment Alternatives

 Supplemental Planting

 Agency Coordination EPCHC

USACE

FDEP



Action Planning / Adaptive Management

• Action Plans 
 Developed if Deficiencies are Identified and Includes:

 Wetland Delineations/Habitat Zonation

 Site Specific Supplemental Planting Plans

 Hydrologic Assessment

 Agency Coordination/Collaboration

• Adaptive Management
 Key to Any Successful Restoration Activity

 Data Review

 Assess Field Conditions

 Identify Possible Solutions

 Initiate Corrective Actions

 Follow-up to Ensure Long-term Success



Reclamation Performance Standards

YESTERDAY
Reclamation - Mined lands returned to a beneficial end use

TODAY
Reclamation - Require habitats be returned or restored to near natural 

conditions



QUESTIONS?



Radiation
Dr. Christopher Teaf

 Director of Toxicology for HSWMR, Inc. in Tallahassee, FL

 Director Emeritus, FSU Center for Biomedical & Toxicological Research

 PhD in Toxicology, over 40 years experience;  Board-certified

 Extensive experience with chemical, biological, radiological agents 

1



Toxicology and Health Risk Principles

 Toxicology - potential health effects from chemical/physical agents

 “Presence” does not necessarily mean “significance” in risk analysis

 Exposure, dose, response evaluation used to establish safe levels and avoid hazards 

 As a “risk” example, consider a common OTC drug  (acetaminophen) 
 you may recognize it as the active ingredient in Advil Dual Action, Excedrin, Tylenol
 acetaminophen is the U.S. leading cause of acute liver failure (can be 1 time), and yet ... 
 we all know it can be used safely ... It’s all about the dose

 Health risk assessment is used to set protective environmental levels
 standards for soil, drinking water
 air quality criteria
 radiation guidelines2



Potential Risk Considerations

 Potential risks are related to potential exposures; assumptions conservative

 Potential risks considered very low at/near the proposed DeSoto facility

 Pre- and post-mining monitoring program in place (FDOH, DeSoto County)

 State surface water and groundwater standards in place + applicable (FDEP)

 DeSoto County Ordinance provides broad health, safety and welfare protection;            
Section 3-C-7 speaks narratively to radiation requirements

 Other sites do not show significant post-reclamation radiation impacts from mining

 Phosphate worker studies do not demonstrate increased cancer;  increased exposure

 Army Corps EIS (2013) concluded “minor or no” radiation effects for any of the mines 
evaluated, including the proposed DeSoto County mine

3



Radiation:  What it Is and What it Isn’t

 Energy that comes from a “source” and travels through “space”
particles (alpha, beta)
electromagnetic waves of various lengths (visible light, radio signals)

 Nonionizing
energy is not sufficient to break bonds, release electrons
e.g., light, heat, microwaves

 Ionizing
energy is sufficient to break bonds, release electrons
e.g., cosmic rays, x-rays

 Phosphate activities can include all types

Sources: CDC, 2022; NRC, 20204



Radiation:  Units and Guidelines

 Common definitions and units

 Exposure – ionization potential in air; only for gamma and x-rays (Roentgen, uR)

Absorbed dose - amount of energy deposited per mass on object, person (rad or Gray)

 Equivalent or Effective dose - absorbed dose adjusted for radiation type and relative  
organ sensitivity; used as an indicator of long-term health effects (rem or Sv)

Radioactivity - picoCurie (pCi); one trillionth of a Curie

 Selected guidelines

 Soil Ra-226 5 pCi/g first 15 cm depth  (~6 “)

Drinking Water Ra-226/Ra-228    5 pCi/L 

General public Radiation exposure limits (ICRP)   100 mrem/year

5



What Are Some Common Radiation Exposure Sources?

Airborne-particles, radon
(37%)

Terrestrial-geological (4%)

Cosmic-particles, gamma rays, x-rays, 
UV (5%)

Medical (48%)

Ingestion-drinking water, food (5%) Occupational (<1%)

% of Total Collective Effective Dose

6



Ground-based Rads Exposure

Source:  U.S Geological Survey, 20057



Cosmic Rads Exposure

Source:  U.S Geological Survey, 20058



Relative Rads Doses from Common Sources
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Phosphate Mining: Reclamation and Radiation

 Must ensure that phosphate mining activities and reclamation will not 
preclude future beneficial uses of mined lands (p. 2, Attachment A of 
Desoto County ordinance)

 Acquiring a FDEP permit commits that mined land “shall require the 
return of the natural function of wetlands or a particular habitat or 
condition to that in existence prior to mining” (Chapter 378 F.S., Part II)

 Florida DOH monitoring of mined lands for over 3 decades shows 
radiation levels within naturally occurring variability of Florida soils

 Post-mined lands in areas of Florida are lower in radiation compared to 
other parts of the state and many other states

10



DeSoto County Phosphate Mining Ordinance

 Ordinance 2012-06 and Land Development Regulations (rev. 2016) apply

 Ordinance        Section 3-C-7-a       “Radiation”
“Standards. The applicant shall conduct mining and reclamation activities in such a
manner as to ensure that upon completion of reclamation, all disturbed lands within the
Operating Permit area have radiation levels that do not exceed applicable state
requirements.”

 Monitoring (p. 19 of Ordinance re SW, air, and GW) required prior to mining 
to establish baseline, then ongoing until reclamation approval received, 
consistent with Section 2-B-18 of Ordinance

 Annual Progress Report and annual financial assurance, insurance reviews

 Reclamation Plan must comply with Chapter 378 F.S., Part II and F.A.C

11

DeSoto County Phosphate Mining Ordinance



Manatee County Phosphate Mining Code

• Manatee County Ordinance 04-39 is operational example for Wingate East

• Appendix A - Environmental Monitoring Program
– Pre- and post- sampling
– Measurement grid
– Gamma Radiation Exposure Rate
– Soil sampling and analysis for Radium-226 measurements

• Operating Permit approved for 5 years (scheduled for renewal in 2023)

• 2021/2022 Annual Report - compliance with approved monitoring procedures

• Desoto County ordinance speaks qualitatively to similar procedures

12



State Reclamation Obligations

 State of Florida (FDEP) – Chapter 62C-16.0051, F.A.C. 
Mining and Mitigation Program in DWM regulates aspects of mining in FL
not specific to radiation
must meet water quality (SW, GW), waste disposal, and wetland criteria
 submit Annual Mining and Reclamation Report and associated forms
demonstrate financial assurance

 State of Florida (FDOH) – Chapter 64E-5, Part X, F.A.C.
As Low as Reasonably Achievable (ALARA) – phrase common to rads industry
64E-5.1002 - monitoring requirements for pre and post gamma, air, soil, SW, GW
demonstrate financial assurance

13



Examples of FDOH Site Radiation Evaluations

 Veterans Memorial Park (DeSoto County)          2019
– in response to concern expressed regarding apparent mining residue
– FDOH concluded no readings that warrant concern

 Hardee Lakes Park (Hardee County)                    2018
– response to concern expressed regarding former mine site conditions
– no readings of concern
– average levels in park do not exceed allowable protective criteria
– not a concern for rangers, visitors can continue to safely enjoy the park

14



January 31, 2019 FDOH Letter 
re Veteran’s Memorial Park

15



Page 1

Page 2

Page 3

November 27, 2018 FDOH 
Letter re Hardee Lakes Park
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Closing Comments

 Mining does not create radiation.  

 Radiation monitoring requirements from FDOH, FDEP, and DeSoto County 
require actions prior to mining and following reclamation, including:

 Gamma measures

 Soil (radon, radium) measures

 Air monitoring assessment 

 Surface water (SW) and groundwater (GW) measures

 Post-mined lands in applicable areas of Florida in general are lower in radiation 
compared to other parts of the state, other U.S. states

 Florida DOH monitoring of mined lands for over 3 decades shows post-
reclamation radiation levels within naturally occurring variability

17



QUESTIONS?
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