
1 

Xanthe M. Mayer, Nathan T. Hancock, Tzahi Y. Cath, Pei Xu, Katie 
L. Guerra, Katharine Dahm, Jörg E. Drewes, and Dean Heil 

Colorado School of Mines 

The Treatment Selection Module: An Excel 
Application to Select Optimal Water Treatment Trains 

for Reuse of Coal-bed Methane Produced Water 

The 17th International Petroleum & Biofuels 
Environmental Conference (IPEC) 

September 1st, 2010 - San Antonio, TX 

Outline 

►  The Challenges of CBM produced water 
●  Site conditions 
●  Assessing the merit of treatment technologies 

►  Introducing the Treatment Selection Module 
●  Attributes 
●  Methodology 
●  Preview 

►  Conclusions 



2 

Site Specific Technical Challenges 

►  Remote sites 
●  Chemicals 
●  Personnel 

►  Environmental 
conditions 

►  Variable flow 
►  Challenging water 

quality 

Technical Assessment of Produced Water 
Treatment Technologies  

►  Review identified 34 fundamental treatment 
technologies and 21 integrated systems/processes 
●  Commercial status of technology 
●  Feed and product water quality 
●  Removal efficiencies 
●  Infrastructure considerations 
●  Energy consumption 
●  Chemical demand 
●  Life cycle 
●  O&M considerations 
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Fundamental Treatment Technologies 

Basic Separation 
•  Settling 
•  Coagulation 
•  Hydrocyclone 

Adsorption 
•  Activated carbon 
•  Zeolite 
•  Ion exchange 

Advanced 
•  Chemical 

oxidation 
•  Microfiltration 
•  Ultrafiltration 

Pretreatment (Selected) 

Desalination Treatment Technologies 

High Pressure 
Membrane 

•  Reverse osmosis 
•  Nanofiltration 
•  VSEP 

Electrically Driven 
Processes 

•  Electrodialysis 
•  Electrodionization 

Novel Membrane 
Processes 

•  Membrane 
distillation 

•  Forward osmosis 

•  Thermal Distillation 

•  Dewvaporation 

Membrane Separations (selected) 

Thermal Technologies 
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Post Treatment and  Brine Management 

•  Evaporation basins 
•  Injection wells 
•  Crystallizer 

Brine Management 
(selected) 

•  pH adjustment 
•  SAR adjustment 
•  Blending 

Post Treatment (selected) 

The Integrated Framework 
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The Integrated Framework 

Treatment 
Selection Module 

(TSM) 

Attributes of the Treatment Selection Module 

►  Suggests suitable treatment trains that: 
●  Achieve a specific product water quality (e.g., 

livestock watering) 
●  Are appropriate to site conditions 

►  For each treatment train provides: 
●  Product and brine water quality 
●  Broad capital cost estimate 
●  Chemical demand estimate 
●  Energy consumption estimate  
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Treatment Selection Module Methodology 

Treatment Selection Module: 
Development Challenges  

►  Very large permutations 
●  32 treatment processes 
●  46 water quality parameters 
●  Intelligent process selection 
●  On the fly data trimming 

►  Data, Selection Criteria, Validation 
●  Treatment Technology Assessment Document 
●  Input from academia & industry  
●  Beta testing 

8 corners, 12 edges  
> 3 billion combinations   
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TDS: 11,400 ppm 
TSS: 110 ppm 

Main Constituents: 
Na+, Cl-, Ca2+, 
SO4

2-, HCO3
- 

Micro-constituents: 
H3BO3, Fe2+, Al, As, 
Br, Cr, Cu, CN, F, 
Mg2+, Hg, K+  
Quantity: 0.4 MGD 

TSM – Example from San Juan Basin  

CBM PW  
Quality/Quantity 

Desalination Selection 
o  Energy: 8 kWh/kgal 
o  Chemical demand 
 Na4EDTA 

o  Product water 
• 85% water recovery 
• TDS: 230ppm 

 Brine TDS: 67,000ppm 

Pretreatment Selection 
o  Energy: 0.7 kWh/kgal 
o  Chemical demand 

 H2SO4, Na4EDTA 
o  Product water 

• Hardness removed by 
IX 
• TSS removed by MF 

Beneficial  
Use 

Need to 
Treat? 

Pretreatment 
Selection 

Suggested Pretreatment 
•  Microfiltration 
•  Ultrafiltration 
•  Media Filtration 
•  Ion Exchange 
•  Chemical Softening 

Require 
Desal? 

Desalination 
Selection 

Post Treatment 
Suggestions 

Post Treatment – 
Brine 
o  Deep well   
injection 

Suggest Desalination 
•  Reverse Osmosis 
•  Membrane Distillation 
•  Vapor Compression 
•  Electrodialysis 

✔

✔

✔ 

Assess 
Technologies 
capabilities 

and site 
conditions 

Assess 
Technologies 
capabilities 

and site 
conditions 



11 

Conclusions 

►  Produced groundwater presents unique treatment 
challenges 

►  Developed Treatment Selection Module 
●  Suggests treatment trains based on water quality, 

beneficial use & site characteristics 
●  Provides broad cost, energy and chemical demand 

estimates 

Future Work & Other Applications 

►  Future work on Treatment Selection Module 
●  Field testing validation of selection results 
●  Beta testing 
●  Publically available by the end of 2010 

►  Other Applications 
●  Other ground water applications  
●  Surface waters 
●  Reclaimed water 




