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Geography/Orientation 



Jirsa et al., 2008 

Geology and 
Mining 

Jirsa et al., 2008 



•  Characterization and planning phase 

•  Mitigation Plan development/acceptance 
•  Characterization, planning 
•  Design challenges 
•  Technical basis for mitigation 

•  Implementation 
•  Amendment materials 
•  Screening process/lime addition/membrane 

application 
•  Field challenges 

•  Water quality monitoring and results 

General Outline 



   Highway 169/Eagles Nest Project 

The woods 

The east 
end 

Gravel & Sand 

Gravel & Sand 

Gravel & Sand 

ELY 

TOWER 



– Over 5,500 feet of core drilling in 200 
boreholes 

– ~ 900 assays 
– ~ 8,000 feet of electrical resistivity/IP 

geophysics 
– ~6 years of study and $1M+ in 

investigative expenses 
– Consulted MN DNR and other US 

DOTs 
– Formation of Technical Working 

Group and Environmental Advisory 
Team 

Investigation/ 
Characterization 



Site Geology 

Severson & Heine, 2012 



Mitigation 
Plan 

• Acid-base accounting 
– total sulfur and carbon; speciated forms 

of sulfur 
– neutralization potential 

• Identified a design criterion for PAG 
rock: NPR< 3 

• Determined a preliminary lime 
demand for the project 



PAG Rock Mitigation Plan 

Plan Protocols: 

•  Designated PAG/non-PAG 

•  Placed limits on crushing of till and 
overburden 

•  Consolidation plan, specs on 
neutralizing agents 

– dosing rates limestone/ag lime 

– lining ditches with limestone 

– repository designs 

•  monitoring for 10 years 

Construction Monitoring needs: 

•  Confirmatory testing for sulfur 

•  Adjustment of lime dose rates 
based on PAG rock and lime 
characteristics 

•  Screening aggregate sources 



Plans: Pre-blast Testing; Planning for PAG Fill 



Design of Typical Repository 



Lime Mitigation/Dosing 

•  NPR ≥ 3 is repository design criterion 
•  AP and NP were pre-determined to provide estimate of 

augmentation of NP required to achieve NPR = 3 
•  NP from rock and added lime: 

NPmitigation = (3·APrevised) – NProck 

Contractor provided instruction on amendment rates 
 



Dosing Rates 

• Real-time adjustments based on 
– New confirmatory sulfur values 
– Lime quality, moisture, CCE 
– Estimated capacity of the trucks and of backhoe bucket 



 
Mitigation Plan 
finalized & 
accepted in 2016 
 
Groundbreaking 
  May, 2017 



Blasting the 
highs 



Filling the 
lows 
 
- primary PAG 
fill area, prior to 
grading 
 
- rock-cored 
highway 
 
~20m high PAG 
rock landfill 

monitoring well 
installation 



plans: PAG fill/repository 



NP Amendment Materials 

Material Limestone Agricultural Lime 
Source Michigan dolomitic 

limestone via 
neighboring site 

Pulp mill lime mud 

Processing Crushed on site to meet 
spec 

Stored under plastic on site 

PSD <1”  100% passing 60 mesh 

Moisture 
Content 

-- 20% 

CCE 102% 100.4 

• Besides TNP and Can, ag lime is source of Na, Mg, Cl  



Hauling, dosing, 
placing, grading 



Building 
successive 
benches 



Lots of 
equipment  
- 20 side dumps 
- 14 articulators 
- 3 dozers 
- 2 rollers 
- 1 backhoe 
 
Fast, intense 
pace, in 
restricted 
work area 



Ideal blending 
 



Fabrics and covers 



Plan versus 
execution 

• TAT conflicted w/ construction schedule 
– Confirmatory testing became another pre-

construction investigation 

• Blending impractical at low dose rates 
– Combined blending and layering 

• Examination of saturated hydric soils 
– Reactive secondary sulfides 
– field leach test, odor after HCl 



project 
challenges 

• Rain 
–  500mm 

• Hurricane 
• Snow 

Hurricane Harvey 



As-Built Project 
Configuration & 
Monitoring 
Network 



As-built PAG repository characteristics 



Primary PAG Fill Section 



Drain-down water quality response 
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Drain-down water quality response 



Trace metals – drain-down response 



Summary 

•  Broad stakeholder group/ many agencies (Health, Natural 
Resources, Pollution Control, DOT) 
−  drove detailed investigation, enhanced mitigation, and public 

engagement 

•  Applied mining best practices to prevent and mitigate ARD  
−  Drain-down effect apparent, monitoring ongoing 

•  Project earned awards from the Office of Environmental 
Services, and from the Association of General Contractors 
−  Serves as basis for new formalized MnDOT ARD guidance 



Questions? 


