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Evaluating Mine Drainage Treatment Efficiency Using  
Geochemist Workbench® Software 

T he costs involved with mine drainage treatment continue to increase while the need to 
treat this contaminated water continues in perpetuity. The use of passive treatment has 
been a common remediation application for suitable Acid Mine Drainage (AMD) sources, 
but in order for active mine sites to meet strict regulatory effluent limits through NPDES 

permits, some form of active treatment is often necessary. Depending on the characteristics of the 
raw mine drainage— net alkaline versus net acidic, presence of ferrous and/or ferric iron, dissolved 
aluminum and manganese levels requiring treatment—it is important to implement the most appro-
priate treatment strategy to minimize annual operating costs. Typically, the largest annual costs 
associated with active treatment operations are labor, electricity, chemical costs, and sludge re-
moval. In order to appropriately design a treatment system from scratch, or make improvements to 
an existing system, it is extremely important to understand the geochemistry of the raw mine drain-
age and the remediation measures needed to attain the NPDES effluent limits. The effluent limits 
associated with NPDES permits for mining sites are becoming more stringent with respect to met-
als, sulfate, and total dissolved solids (TDS) concentrations. 



Understanding 
the geochemical 

processes that occur during 
the mine drainage treatment 

process through chemical addition, 
oxygen addition, settling, and sludge 

deposition and storage, to the final system effluent 
requires prudent monitoring of the system 
components by measuring flow and water quality 
before and after each process. Utilizing a small suite 
of chemical parameters allows a thorough analysis 
of the treatment mechanisms in order to determine 
potential refinements that will ultimately save on 
annual operating treatment costs. Geochemist 
Workbench® is one of the most powerful predictive 
geochemical modeling tools used in the petroleum, 
mining, and environmental remediation industries. 
Performing a thorough modeling evaluation using 
Geochemist Workbench® requires the use of water 
chemistry data including such parameters as 
dissolved metals (aluminum, manganese, 
magnesium, calcium, potassium, and sodium), 
ferrous iron, sulfate, chloride, field pH, field 
dissolved oxygen, field temperature, conductivity, 
and total inorganic carbon (TIC). TIC is used to 
determine the amount of dissolved carbon dioxide, 
which is critical to predict treatment success. The 

Geochemist Workbench® software applications can 
utilize this chemical data to focus on modeling 
reaction paths, kinetic rate laws, sorption and 
surface complexation, brine chemistry, temperature-
activity diagrams, calculation of species distribution 
and speciation diagrams, and instant reaction 
balancing, calculation of equilibrium constants and 
equilibrium equations. 
  
The Geochemist Workbench® software allows the 
modeling of water with existing lab and field data for 
certain key parameters to predict the treatability of 
the water with the various alkalinity and aeration 
technologies available today including passive 
treatment. This predictive modeling software is 
becoming an extremely important component in 
Skelly and Loy’s approach to designing the most 
appropriate treatment system technologies for each 
AMD discharge we encounter. The types of AMD 
discharges we are asked to design are becoming 
more challenging and with the increased scrutiny of 
passive treatment system application, software 
such as the Geochemist Workbench® meets or 
exceeds the highest level of scrutiny. When 
evaluating treatment of mine drainage using 
calcium based materials, understanding the calcite 
saturation as determined through the modeling 
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process helps to 
understand the level of 
alkaline addition 
achievable through 
limestone and lime 
treatment processes. 
When faced with looking 
at considerations from a 
watershed restoration 
approach, the 
Geochemist Workbench® 
software may be used to 
identify the priority AMD 
discharges within a 
watershed and model 
the future treatment of 
those identified 
discharges and predict 
the improvements in the 
receiving stream.  
 
Skelly and Loy uses this 
software, which is a tremendous asset to perform 
treatment evaluations for mining companies, both 
active and closed mine sites with mine drainage 
discharges. Specific tasks of importance to mining 
companies include evaluating and problem-solving 
existing treatment systems and providing solutions 
to existing systems that could result in significant 
cost-savings. Some general questions that may be 
answered from a geochemical evaluation may 
include the following. 
 
• Should the mine drainage be aerated prior to 

and/or after alkaline chemical addition to 
reduce chemical costs? 

 
• Does enough oxygen and retention time to 

oxidize the iron without alkaline addition exist in 
order to meet effluent limits? 

 
• What treatment options can be implemented to 

improve and reduce the amount of metals in the 
final outfall? 

 
• Which mine drainage discharges in need of 

remediation would benefit the watershed most, 
based on predicted outfall and downstream 
water quality? 

 

• Which treatment chemical will result in the most 
cost-effective treatment strategy to achieve 
NPDES permit compliance? 

 
• How much alkalinity will a passive or active 

treatment system produce? 
 
Mixing and treatment efficiencies are often much 
lower than expected for treatment systems 
incorporating hydrated or pebble quicklime addition 
that can be adjusted based on basic field and 
modeling studies. The results of this type of 
modeling analysis in treatment system design or 
modifications will provide the necessary technical 
information to move forward in presenting rationale 
for implementation to regulatory agencies. 
 
Skelly and Loy’s engineering and scientific experts 
employ the powerful Geochemist Workbench® 

software tool in AMD treatment system design, 
troubleshooting existing problematic systems 
(passive and active), and existing treatment system 
evaluations for potential cost-savings to owners and 
operators in the mining industry. 
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extraordinary people—  
—extraordinary results 

Skelly and Loy's Mining Services Group is staffed with experienced mining engineers (surface and under-
ground), mineral processing engineers, geologists, and mineral economists who can guide proposed and 
active mining operations from a pre-feasibility stage through geologic investigations, detailed design, per-
mitting, financial considerations, and reclamation. The group is recognized nationally and internationally 
for its experience and expertise. The Mining Services Group is complemented with state-of-the-art engi-
neering tools and augmented by our staff of technicians and environmental specialists experienced in 
working with a variety of mining projects, including, but not limited to the following services. 
 
  Coal Preparation/Mineral Processing Studies 
  Due Diligence Investigations 
  Fatal Flaw Analysis 
  Financial Evaluations/Valuations/Mineral Economics 
  Fuel Procurement Investigations 

  Geological Investigations and Reserve Studies 
  Market Studies 
  Mine and Quarry Planning 
  Mine Feasibility Studies 
  Mine Operation Audits 
  Mine Permitting 
  Reclamation Planning 
  Sale/Acquisition Analysis 


