
Soil Washing 



Physical Mechanisms 

Soil washing is a process of scrubbing soils to separate contaminants from soils  

Commonly done in one of two main methods 

Dissolving or suspending contaminants in a wash solution using a reagent  

By concentrating the solids, and attrition scrubbing 

Which method you decide to use depends on characteristics of the soil, and of 
the contaminant 



Physical Mechanisms (reagents) 

ΔG=𝜎ow+𝜎sw+𝜎os 

When ΔG is negative, this indicates that the particles will separate from each 
other.  

Adding reagents help by reducing surface tension between the contaminant and 
the particle, causing them to release 

Same idea as using dish soap to remove grease from cooking pan 

 



Physical Mechanisms (attrition scrubbing) 

Attrition scrubbing is more effective when separating organics from soils 

Relies on friction between particles to separate contaminants 

Once freed from each other, particles can be further separated using another 
method 

Similar to washing pan with only a sponge  



Influencing Factors (Physical Characteristics)  

 How will these characteristics limit or make soil washing useful during this 
remediation? 

Examine characteristics of the contaminant and aquifer physical properties 

Specific characteristics influence specific types of soil washing 

Alkali Soil Washing 

Cosolvent Soil Washing 

Surfactant Soil Washing 

Water Flooding and Groundwater Extraction (Pump and Treat) 

Effectiveness controlled by phase equilibrium, heterogeneity, fluid properties, 
aquifer geometry  



Media Characteristics 

Isotropic Media 
 Front Stability 
 Controlled by - Mobility Ratio, M<1 
                       - Gravity Number  

Heterogeneous Media complicates the issue 

 



Alkali Soil Washing Influencing Factors 
Enhance NAPL removal by “saponifying” the organic acids and produce natural 

surfactants which decreases the surface tension 

Strong Alkali reacts with NAPL results in natural surfactant   

Surfactants adsorb onto aquifer mineral material 

NAPL wettability (Surface tension non-wetting  x 1000) 
 

DNAPLs do not contain acidic components 

Alkalis reduces water viscosity 

Compatibility Issues  

Ultimate pore fluids may have high pH  

 

 

 

 

 



Cosolvent Washing Influencing Factors  

Stability of each front (M<1), adsorption, expansion, soil and aquifer properties 

Action of gravity makes downflow most effective (front stable) 

Solubility enhancement of hydrocarbons in soils  

Alkali agents, surfactants, and polymers to improve mobility 
 

Interfacial Instability (M>1) for large differences in viscosity  

Heterogeneities largely influence behavior  

Clay materials may cause desiccation to slug due to cosolvent reaction 

Consideration for density 

 

 

 



Surfactant Soil Washing Influencing Factors 
Surfactant Concentration 

Salinity  

Temperature  

Hydraulic Gradient  

Interfacial Tension 

DNAPL  
 

Toxicity and recovery are key 

Low Surface Tension 

Heterogeneities  
 
 



Water Flooding and Groundwater Extraction Influencing Factors  

Low pumping rates 

Stratigraphic depressions 

High NAPL Conc 
 

DNAPL (Low specific gravity) 

Volume  

Applied at EPA Superfund Record of Decision 
Brodhead Creek Site, Stroudsburg PA 
4.28 acres, approx 418,000 gallons of coal tar 
  



Aquifer Influencing Factors 
Unconfined    Confined 

 
Storage   Transmission   Viscosity   Porosity   Conductivity   Permeability 

 
Density   Bulk Modulus   Specific Yield   Specific Retention   Pressure Head 

 
           Water Table   Transmissivity   Storativity   Stress   Compressibility      



Soil Washing Lab Experiment  



Field Implementation 

3 Main Processes in a Soil Washing Plant: 

1.  Soil Preparation 

2.  Soil Washing 

a.  Washing, Rinsing 

3.  Wastewater Treatment 

 



Field Implementation 

-  After site Excavation 

-  Coarse and Oversize Material Removed 

-  Techniques 

-  Screening, Jigging, Hydrocyloning 

- Large Rocks Removed 

 - Usually impermeable 

 - If contaminated will be crushed to fines. 



Field Implementation 
 
                         Jig Processor 



Field Implementation 

                                                    Screening 



Field Implementation 
 
                         Hydrocyclones 





Field Implementation 





Primary Extraction 

Chemical solvents Effective For Application/Limitations 

Inorganic Salts Thorium, Radium Large Solution to Solid Ratio 

Mineral Acids 
Sulfuric Acid 
Nitric Acid 

Hydrochloric Acid 

Radium, Thorium, Uranium High Cost, Waste Stream difficult 
to clean 

Complexing Agents 
EDTA 
CTA 

Citrate 

Radium Expensive, low concentrations 
needed. 





Field Implementation: Site Requirements 

-  Access Roads 

-  20 ton/hour unit 

-  4 acres 

-  130,000-800,000 gallons of water per thousand cubic yards of soil 

-  Cannot be done in winter, cold weather affects chemical processes 

 







Field Implementation: Video 

https://www.youtube.com/watch?v=mwlWaZXoZZ4 

https://www.youtube.com/watch?v=k18kPpJc1is  



Case Study #1: King of Prussia Technical 
Corporation Superfund Site, Winslow Township, NJ 



-  King of Prussia Technical Corporation processed 15 million gallons of 
industrial waste in 6 lagoons from 1971 to 1974 

-  11 metals contaminated the soil after the industrial waste facility was shut 
down 

-  Superfund Site designated by the US EPA 

 

 

Contaminant Original Soil Concentrations 
(mg/kg) 

Regulatory Requirements 
(mg/kg) 

Chromium 500 - 5,000 483 

Copper 800 - 8,000 3,571 

Nickel 300 - 3,500 1,935 

Source: U.S. EPA “Remediation Case Studies Thermal Desorption, Soil Washing, and In Situ 
Vitrification 



-  Alternative Remedial Technologies, Inc. designed and operated the soil 
washing plant in 1993 

-  Selective excavation: used X-ray fluorescence (XRF) to determine which soil 
needed to be treated 

-  Soil and sludge at the site were blended to maintain an even mixture 

 

 

Photos Source: ART Technologies, Inc. “Soil Washing at King of Prussia (KOP) Superfund Site 





Soil Feed Screening 

Hydrocyclone 

Flotation Dewatering 



Contaminant Original Soil 
Concentrations 

(mg/kg) 

Regulatory 
Requirements (mg/

kg) 

Clean Sand Product 
Concentrations (mg/

kg) 

Chromium 500 - 5,000 483 73 

Copper 800 - 8,000 3,571 110 

Nickel 300 - 3,500 1,935 25 

-  The soil washing process successfully 
reduced all 11 metal concentrations well 
below regulated limits 

-  Final project costs were $7.7 million 

 



Case Study #2: A Washing Procedure to Mobilize 
Mixed Contaminants from Soil 

Combination of cosolvent and surfactant soil washing 

Simultaneous removal of PCB and heavy metals 

High permeability and low water retention soils with history of organic pollutant 
and heavy metals contamination 

1.       Ehsan, S., S. O. Prasher, and W. D. Marshall. 2006. A Washing Procedure to Mobilize Mixed Contaminants from Soil . J. Environ. 
Qual. 35:2084-2091. doi:10.2134/jeq2005.0475 



Ultrasonic mixing 

Centrifuging of soil 

Dissolution of PCB in aqueous hexane 

Zerovalent magnesium for precipitation of heavy metals 

Re-equilibration and re-use of mobilizing reagent versus addition of fresh 
mobilizing reagent 







Applicability 

The soil washing process is used for soils that are contaminated 
with: 
Semi volatile Organic compounds 
Fuels 

Heavy metals 
Some selected Volatile organic compounds 
Pesticides 

 



Limitations 

Soil washing does not clean the soil, it separates the contaminated 
fraction from the clean fraction, hence minimizing the amount of 
soil need to be cleaned.  

It is a technique of concentrating contaminants through separation 

Soil washing does not destroy or immobilize the contaminants 
 



Limitation (cont) 

Sometimes soil washing alone does not clean the polluted soil 
enough (therefore other methods must be used after) 

If there is a high organic content in the soil, it may require 
pretreatment. 

Since it does not destroy or immobilize the contaminants the 
resulting contaminated soil must be disposed of carefully. 

 



Cost and Availability 

Initial Costs 

Studies and Pre-Tests 

Operational Costs 

Labor, Equipment, Fuel 

Set-up and Break-down Costs 

Permits, Design 

Chemical Analysis 

Disposal Costs 

Waste Sites 

 

Source: Hubler, Jon, and Ken Metz. "Soil Washing." Soil Washing | Geoengineer.org. N.p., n.d. Web. 27 Mar. 2017. 



Cost and Availability 

$150-$250 per ton 

Most effective with large quantities 

Not effective with silty soils 

Low-cost alternative for separating waste and volume reduction 

Hardware readily available 

Source: United States Environmental Protection Agency (USEPA). (1996, April). “A Citizen's Guide to Soil Washing.” EPA 542-F-96-002 



Cost and Availability 

Cost less with higher volume 


