
1 of 9

Optimizing in situ Remediation Amendments Using

Innovative Surfactant System Formulations

David Alden, P.E.

Tersus Environmental
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You apply surfactants to mobilize NAPL.

Hydraulic control is imperative during injection and extraction process.
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NC, Capilary Number
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s = 30    mN/m         w/o surfactant

s =   2    mN/m         with a synthetic detergent

s =  10-3 mN/m          optimized

𝑪𝒂𝒑𝒊𝒍𝒍𝒂𝒓𝒚 𝑵𝒖𝒎𝒃𝒆𝒓 𝑵𝑪 =
𝝁𝒗

𝝈

𝒗 = fluid velocity

𝝈 = surface tension

𝝁 = fluid viscosity
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Optimized Formulation
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Surfactant # PV
Recovered 

NAPL

Tersus (1.6%) 1.0 93%

Tersus (1.6%) 1.5 92%

Brand X (4%) 1.0 59%

Brand Y (4%) 1.0 48%

Brand Z (4%) 1.0 18%
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Surfactant

Time / Number of Pore Volumes
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• Improve ROI

• Biodegradable, Biocompatible, Non-toxic

• Redevelop Wells

• Increase Solubility of Pesticides

Bor-Jier (Benjamin) Shiau, Ph.D., P.E. 

Associate Professor, University of Oklahoma

Jeffrey H. Harwell, Ph.D.

Asahi Glass Chair Professor 

School of Chemical Engineering OU

Fellow, The  American Institute of Chemical Engineers
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Other Amendments That Use Surfactants
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Photo: U.S. Air Force

Perfluorooctane sulfonate
(PFOS)

Perfluorooctanoic acid
(PFOA)
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Perfluoroalkyl Sulfonates (n = 2-10)

Perfluoroalkyl Carboxylates (n = 2-13)

Perfluoroalkyl Sulfonamide Amino 

Carboxylates (n = 3-8)

Perfluoroalkyl Sulfonamido Amines (n = 3-8)

Fluorotelomer Betaines (n = 5,7,9)

PFAS in AFFF Formulations and Groundwater

Jennifer A. Field, Ph.D., April 2015
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In Situ Amendments EDS-ER

EDS-ER:

• Eliminates Mechanical Energy Inputs

• Allows Bulk Storage (long shelf life) and Intermodal transportation

• Reduces Need for Excess Drums and Totes 

– and required energy to recycle them
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In Situ Amendments ZVI-Micrometal
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Proppants

30 mins 1 dayT = 0

In Situ Amendments
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Proppants

Kjellurup et al., 2013 SERDP ER2135

In Situ Amendments
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In Situ Amendments EZVI
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Features

Nanometer Oil Droplets

Increased Bioavailability

100% Fermentable Carbon

Benefits

Easy Field Mixing

Source Local Donor

Reduced Carbon Footprint
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Conclusions
Optimize Surfactants for Site Specific Conditions

Source Your Donor Locally
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