
Geochemical Modeling for 
Class I UIC

CCR Leachate Case Study
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• Managing Complex Liquids with Class I UIC 

• Proactive Avoidance of Plugging Formations

• Simulating Downhole Precipitate

• CCR Leachate Case Study
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OVERVIEW



Typical Treatment Analysis
• Very Scientific Bench Scale Test

• Equally as Scientific Materials Analysis

• Calculate Dosing Rates
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Typical Treatment Analysis

• Implement Treatment

• Verify Treatment 
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CASE STUDY
CCR LEACHATE AT ELECTRIC UTILITY
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CASE STUDY FACILITY

Electric Utility Compound

• Mine Mouth Coal-Fired Power Plant

• Coal Combustion Residuals Landfill

• Zero Discharge Facility

• Recirculates >50M gal 

• Class I UIC for Leachate Management
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OUR CHALLENGE 
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Surface Variables

• Liquids Handling Inconsistent

• Fluctuating pH in Feed Pond

• Surface Piping Always Plugged



OUR CHALLENGE 
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OUR CHALLENGE
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OUR CHALLENGE

Middle Ordovician Sandstone Injection Reservoir

• Rounded, Well Sorted, Poorly Cemented

• Porosity ~ 13%

• Pore Throat Diameter: 90% >10 µ
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“If we can’t keep the surface piping from plugging, 
how can we expect the downhole formation to stay open?”



THE APPROACH
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• Simulate Downhole Reactions

• Identify Potential Formation of Precipitates
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OUR APPROACH
• Collect/Analyze Fluids & Materials



OUR APPROACH
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• Interview Operators & Samplers

• Understand Processes & Variations

Rainfall + Drainage Layer = 

 pHsump and  precipitate

No Rainfall = 

 pHsump and  precipitate

…but…

 pHpond



OUR APPROACH
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• Geochemical Simulation of Oxidation Between 
Sump and Feed Pond 

4Fe2+ + O2(aq) + 4H+
 4Fe3+ + 2H2O

 pHpond

4Fe2+ + O2(aq) + 6H2O  4Fe(OH)2
+ + 4H+

 pHpond
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OUR APPROACH

• Simulate Interface: Downhole Liquids + Leachate

• 100% Leachate Simulation

• 100% Downhole Liquids Simulation
• Temp  to 50 ºC

•Pressure  to 2500 psi

• 50%/50% Simulation
•Pressure: Little Solubility Influence 

• Temp: Significant Alkali Earth Minerals Influence

•pH: Significant Alkali Earth Carbonate Minerals Influence

• Back Analysis for Mass Removal
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OUR SOLUTION
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• Custom Liquids Management Plan 

• Combination Physical/Chemical Treatment



THE SOLUTION
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• Define Constraints/Bracket Parameters

• Programmable Logic Controller



OUR SOLUTION
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• Continue Leachate Analysis

• Continue Simulation Revisions

• Watch for Changes to Liquids Handling
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Ladder Infographics for PowerPoint

CHEMICAL COMPATIBILITY!!

Back Calculate for Mass 
Removal

Simulate Downhole Mixing

Liquids/Materials Analysis

Sample, Analyze, Simulate

SUMMARY



Stephanie Hill
shill@scsengineers.com
618-772-3403
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Thank you


