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Water-Quality Criteria: Protect Human Health and 

Freshwater Aquatic Organisms (Tables IV, V, other)
 

NPDES 



 

 

Water-Quality Criteria: Protect Human Health and 

Freshwater Aquatic Organisms (Table III)
 

NPDES 

* Freshwater CMC and CCC for selected metals are expressed as a function of hardness.  Values in table calculated 

for hardness of 250 mg/L CaCO3. CMC and CCC will decrease with decreased hardness.  

** CMC for selenium assumes all selenium is selenate (12.8), which is more toxic than selenite (185.9).
 





“Clean Sampling” of 42 Coal Mines in 2011
 









     

pH and Acidity (Untreated & Treated)
 

A. pH, fresh ≠ pH, lab (>8 hrs). 

B. Hot Acidity > 0, pH < 6.  

C.	 Hot Acidity = Net Acidity = 

50·(10(3-pH) + 2·CFe/55.85 + 2·CMn/54.94 + 3·CAl/26.98) – Alkalinity 

http:3�CAl/26.98
http:2�CMn/54.94
http:2�CFe/55.85


Major Ions, Specific Conductance, Dissolved Solids
 

A. ROE = Total Dissolved Solids =  major ion concentrations (mg/L). 


B. Osmotic Pressure =  major ion concentrations (mol/L).* 

C. Conductivity =  ionic conductivities (S/cm).* 

* after speciation to account for ion complexation 



   

  

Major Ions, Specific Conductance, Dissolved Solids
 

D. TDS = 0.89 to 1.11 × SC (greater slope for SO4 dominant). 

E. Ionic strength = 1.72 × 10-5 × SC (greater slope for SO4 dominant). 

F. Osmotic pressure = 0.0105 × TDS or 0.0141 × SC.* 

* 50 mOsmol/kg ~ 5,000 mg/L ~  4,000 S/cm 



Major Ions, Specific Conductance, Dissolved Solids
 

G. 	 SC is strongly correlated with SO4 and hardness (2.5·Ca + 4.1·Mg). 

H. 	 Ionic SC contributions are dominated by SO4, Cl, Ca, Mg, and Na. 

I. 	High ionic-strength waters are Ca-Mg-SO4, Na-SO4, and Na-SO4-Cl 

type as indicated by ionic conductivities. 



Chloride and Bromide in Deep Mine Effluents
 





 

Hydrochemical Correlations: Principal Components Analysis

Untreated Effluent (Influent) 

Constituents above were excluded from the PCA model (redundant 
parameter or substantial nondetects): 
 Priority pollutant metals and phenols are correlated with PCA1. 

 Hardness and TDS are correlated with PCA2. 





pH, Major Ions, Dissolved Solids, Specific Conductance
 

Treatment replaces conductivity contributions by H+, Fe2+, Mn2+, Al3+ 

with OH-, Na+, Ca2+. Conductivity contribution is indicated by decimal 
fraction of conductance from individual ions, or “transport number” 
(McCleskey et al., 2012. Geochim Cosmochim Acta 77:369–382). 



pH, Major Ions, Dissolved Solids, Specific Conductance
 





Effect of Treatment on pH and Solute Concentrations
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Effect of Treatment on pH and Solute Concentrations
 



Effect of Treatment on pH and Solute Concentrations
 



Effect of Treatment Type on pH and Solute Concentrations
 



Effect of Treatment Type on pH and Solute Concentrations
 



Effect of Treatment Type on pH and Solute Concentrations
 



Effect of Treatment Type on pH and Solute Concentrations
 



Effect of Treatment Type on pH and Solute Concentrations
 



Effect of Treatment Type on pH and Solute Concentrations
 







Dissolved Concentration < Total Concentration
 



Concentrations Decrease with Increased pH (treatment)
 



Concentrations Decrease with Increased pH (treatment)
 



Concentrations Decrease with Increased pH (treatment)
 





Toxic Effects Decrease with Increased Hardness
 







Changes in pH and Solutes during Treatment
 
Field Titration Results (NaOH)
 



Changes in pH and Solutes during Treatment
 
Field Titration Results (NaOH) – AMDTreat 5.0+
 



Changes in pH and Solutes during Treatment
 
Field Sampling Results (Lime) – AMDTreat 5.0+
 





Feasibility for Mineral Precipitation
 



Feasibility for Mineral Precipitation
 



Feasibility for Mineral Precipitation
 



Hydrous Ferric Oxide (HFO) Stability
 





Sorption of Cations on Hydrous Ferric Oxide (HFO)
 



Sorption of Anions on Hydrous Ferric Oxide (HFO)
 








