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The Cake is in the Can 
Now What? 

 
Å No Longer Generating Revenue 

Å Restoration Costs Can Be Significant 
with Some Estimates as High as 50 % 
of the Total Life Cycle Costs 

 



ISR Restoration Goals 

ÅClean Groundwater to MCLs or Background 

ïGroundwater Sweep 

ïReverse Osmosis Water Rinse (and Repeat) 

ïLong Term Monitoring 

ÅWhat if Background or MCLs Cannot be Achieved 

ïAlternate Concentration Limit 

ïLong Term Monitoring 

ïRoughly Equivalent to Monitored Natural Attenuation 

 

 



Restoration Pitfalls  

ÅTIME ---- It Take Years 

ÅExpensive (Up To 50% of the Production Costs) 

ÅMCLs or Background May Not Be Economically 
Obtained 

ÅConcentration Rebound Common in ISR Restoration 

ÅThe Mine Unit Has Undergone Permanent Changes to 
Geochemistry 

ÅThe Conditions That Generated the Roll Front Are Gone 

 
 



ACL Approach 

Develop a Plan Based on the Concept that a POC 
Concentration Can Be Developed That Will Result a POE 

Concentration Lower Than the MCL  
 
ÅAlternate Concentration Limits Has Not Been 

Completed For Uranium ISR 
ÅACL for ISR is Different From a Mill or Mine 
ÅIllustrate Pitfalls In ISR Restoration 
ÅHydro-Geochemical Models to Develop ACL 

Concentrations and POE and Reduce the Cost of 
Closure 



ACL Comparisons 

Uranium Mill ACL 

Å Nearly Homogenous 
Geochemistry 

Å Non-Reactive Transport 
Models Commonly Used 

Å POC at Toe of Tailings 

Å POE is Typically At Property 
Boundary of  Mining Company  

Å Property Transferred to DOE 
upon Acceptance of ACL and 
License Termination 

ISR ACL 

ÅVariable Geochemistry 

ÅReactive Transport Model 
Required  

ÅPOC at Monitoring Well Ring 

Å It May Take Decades for 
Geochemistry to Stabilize in 
Mine Unit 

ÅPOE within Aquifer Exemption 
Ring 

ÅNo Long Term Custody 



Hydro-Geochemical Models and the 
ACL Process 

ÅHydro-Geochemical Models Capable of 
Simulating  All of the Chemical Constituents of 
Mining Unit  

ÅCurrent Aquifer Exemption Zones are based on 
Mining and Possibile Excursions 

ÅAquifer Exemption Zones May Require 
Amendment if ACL Approach is Implemented 

ÅHydro-Geochemical Models can be Used to 
Define the Aquifer Exemption Zone Up Front 



Hydrogeologic and Geochemical Modeling 
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ISR Hydrogeologic Process 



ISR Geochemical Process 



Mining 

Reduced Zone 

Monitoring 
Well Ring 

Aquifer 
Exemption 
Zone 

Oxidized Zone 
Mining Unit 
 



Post Restoration 

Oxidized Zone Reduced Zone 
Mining Zone 
 

Pyrite  
Consumes Residual Oxygen 
Remineralized  Uranium 

Organic Carbon 
Remineralized Uranium 



Uranium Re-Mineralization 

After Claudia Stewart Thesis 
2002. University of Wyoming 


