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Agenda 

• Background and context 

• FGD wastewater processes 

• Promising options  

• Leachability methods for vetting options 



Context 

February 8, 2013 

EPA provides status report – interagency review ongoing 

2012 

EPA agrees to sign a decision taking action by May 22, 2014 

2009 

Effluent Point Source Category: Final Detailed Study Report 

2005 

Annual review spotlights industry, recommends further study 

1982 

Steam Electric Power Generating Effluent Guidelines last revised 



Trend: Contaminant Sequestration into 
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General Process Flow 

 

Source: SEPG Point Source Category: Final Detailed Study Report 
 



Scrubber Blowdown vs. Wastewater 





 



 



Solidification of Untreated WW 

 



Solidification of Treated WW 



Concentrated, Untreated WW 

 



Concentrated, Treated 



Many constituents are quite soluble 



Promising Options 

• Poz-o-tec  

• Geopolymer  

• Organo-silanes 

• Tegra-tuff 

• Dolocrete 

 



Poz-o-tec 
• The mix proportion for Poz-o-Tec stabilization typically ranges from 

about 0.6 to 1 part fly ash to 1 part FGD material with up to 4% of 
dry weight lime added to the mixture.  
 

SiO2 + Ca(OH)2 + H2O  CaO SiO2 2H2O      
 
Al2O3 + 4Ca(OH)2 + 9H2O  3CaO  Al2O3  Ca(OH)2 12H2O   
  
Fe2O3 + Al2O3 + 6Ca(OH)2 + 6H2O  6CaO  Al2O3  Fe2O3 12H2O 
  
 Ettringite:  
 
2Ca(OH)2 + 3CaSO4 2H2O + CaO Al2O3 + 24H2O  
Ca6Al2(SO4)3(OH)12 26H2O  

Source: http://www.gzn.uni-erlangen.de/en/applied-geosciences/applied-mineralogy/cement-mineralogy/pvaopc-interaction/ 



Use concentrated wastewater as 
molding moisture content 

Mix and compact 



Geopolymer 



Dolocrete 

 

Magnesium oxide based binder, varies from 
2:1 to 6:1, solid matrix to binder 



Tegratuff 

 



Tegratuff 

 



Tegratuff 

• Mix ingredients to form 
solid or semi-solid 

• Adjustable strength and 
permeability 

• Ingredients are proprietary, 
mix design is modeled 
ahead of time 

 



Tegratuff 

 



Organo-silanes 

Y = “Organofunctional” group 
X = “Silicon-functional” group 

X 

Si Y 

X 

X 

Clear and initially  water soluble 
 
Doesn’t form a film 
 
Doesn’t bind particles together 
 
Covalent bonding mechanism (grafting) 
 
Renders surfaces water repellent (hydrophobic) 



Organo-silanes 

 



P     = I + ET + RO + S  
P     = precipitation  
I      = infiltration  
ET   = evapotranspiration 
RO  = runoff 

S   = change in storage  

Untreated OS Treated 

ch z dh
Q  K A

z dL

Infiltration is a 
function of 
prevailing 
capillary 
gradient 
(downward) 
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Organo-silanes 

(1) Less exposure to matrix 

(2) Less leachable matrix 
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Untreated - Flat Section (Field)

Untreated - Slope Section (Field)

Untreated - Laboratory Sample

Treated - Laboratory and Field

Trendline - Flat Section

Trendline - Slope Section

Trendline - Laboratory Sample

Zero infiltration for treated laboratory sample as 

well as treated flat and slope sections in field

 

Organo-silanes 





Evaluating Leaching Behavior 

Leaching constituent 
(e.g., soil, ash, etc.) 

Field Reality Lab Analogue 
(batch format) 
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Leachability 
• Over sixty different leach procedures exist 

• Batch (e.g., SPLP, TCLP, EP Tox) and Column testing are most 
common methods 

• New Leaching Environmental and Assessment Framework (LEAF): 

 
LEAF 
Method 

Title Output 

1313 
 

pH-dependence Contaminant leachability at a liquid to solid 
ratio of 10:1 for pH values 2-13. 

1314 Percolation column Contaminant leachability as a function of 
column percolation, flowrate set to achieve a 
rate of liquid to solid ratio of 0.75/day 

1315 Mass transfer rates Contaminant mass transfer coefficients for 
diffusion-controlled conditions 

1316 Batch liquid to solid ratio Contaminant leachability at a liquid to solid 
ratio of 10, 5, 2, 1 and 0.5 at the “natural” pH 
of the material. 

 Notes: See http://devmconnors.com/leaf/downloads/test-methods/ for test methods and data templates.  

Table acquired from: Hardin, C.D. and Daniels, J.L. (2011) “Preserving Structural Fill and Mine Reclamation as Acceptable 

Beneficial Reuse of CCRs” World of Coal Ash Conference, Denver, CO,  May 9-12, 2011 
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Column Leach Testing 

 

Column Pump 

Synthetic Rainwater 
Source 

Effluent 
Collection 
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Typical Leachate Data 

Column Leach Test - Cadmium
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Typical Leachate Data 
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• Relating Leaching Data to Source Durations 

– All materials are exhaustible 

– Compare volume of precipitation in field to volume of 
leaching solution used in lab to make predictions of time-
dependent leaching 

– Compare ratios: 
Lab Leachant Volume / Solid Mass 

Field Leachant Volume / Solid Mass 

[Field Leachant Volume = f(infiltration) = f(time)] 

Develop relationship between leached concentration in short period 
of time (in lab) to concentrations leached over many decades 

 

 

Evaluating Leaching Behavior 
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Parting Thoughts 

• Costs really depend on plant and design basis 

– Reduce leachability to zero? 

– Cover/liner type configuration? 

• Straightforward, yet plant specific testing 
required 

• Data forthcoming 
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