
ecp

electrochemical 

processes 

EectroChemical GeoOxidation (ECGO) In 

Situ Sediment Treatment Technology


J.Kenneth Wittle

Electro-Petroleum, Inc. 

996 Old Eagle School Rd. 
Wayne, PA 19425 

RTDF Sediments Workshop 
Baltimore, MD 

February 18, 2004 

2/18/04 RTDF Meeting 



ecp

electrochemical 

processes Introduction 

• The Technology 
• Current Projects 

– New Jersey

– Georgia 

– Duluth 

• Intro  
• 2002 Results 
• 2003 Preliminary Results 
• Current Testing 

• Test Facilities 
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The Technology


•	 ElectroChemical GeoOxidation is a 
patented electrochemical process which 
uses Direct Current for the mineralization of 
organic materials either insitu or exsitu in 
soils and sediments. 

•	 The process may be used to treat inorganic 
contaminants using Induced Complex 
process. 
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The Flow of Electrical Current in Soils
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processes 

colloid conductivity (p.ex. 0.9 Ω) 

ionic conductivity 
(p.ex. 8.4 Ω) 

2/18/04 0.0001 in. RTDF Meeting 



ecp

Places of Electrochemical Reactions
electrochemical 

processes 

Reduction: 
acceptance of 
electrons (e ­ ) 

Fe3+ + e ­ → Fe2+ 

2 H2O + 2e­

→ H2 + 2 OH­

C6H6 + 18 H+ 

→ 6 CH4 

(ring opening) 

Oxidation: 
donation of 
electrons (e-) 

Fe → Fe2+ + 2 e ­

2 H2O 
→ 4 H+ + O2 

­

C6H6 + 12 H2O 
→ 6 CO2 + 3 OH+ 

-

+ 4e  

+ 30 e 
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•	 Pesticides

– Aldrin 

– Lindane 

– Chlordane 
– 4,4’-DDD, 4,4’ DDE, 4,4’-DDT 
– Heptachlor 
– Methoxychlor 

• Xylene  
• 415,800 Cubic Feet 
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• TCE  
• Contaminated Soil 
• Cleanup levels reached within 210 days
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•	 The Purpose of this Study is to Investigate 
the ECGO Technology for Sediments 
Treatment in a Demonstration Test at the 
Erie Pier CDF, Duluth MN. This is an 
independent evaluation on the technology in 
a controlled and monitored test at sufficient 
scale to provide realistic information on 
costs, effectiveness and ease on 
implementation. 
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Bong Bridge 

Lake Superior 
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•	 U.S Army Corps of Engineers (CELRE- Detroit Office – Funding 


Organization

•	 U.S Army Corps of Engineers  – Duluth Office 
•	 U.S Army Corps of Engineers – Vicksburg – Funding and Chemical 

Analysis 
•	 Great Lakes National Program Office (GLENPO)  of U.S. EPA ­


Funding

•	 University of Minnesota – NRRI- Project Management- Sampling 
• Minnesota Pollution Control Authority (MPCA) 
• EPI and ecp, llc – Technology Provider- Funding 

–	 U of Minnesota 
–	 Service Environmental 
–	 Harrison Marine 

•	 Remediation Technologies Development Forum (RTDF) 
•	 EPA Site Program 
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Dredging of the Slip 
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East Cell West Cell 
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Monitoring Parameters 

• Power input 
• PAHs in Control Cell and Treatment Cell 
• Temperature 

– Control cell 
– Treatment cell 
– Ambient temperature 

• pH  
• Biological Changes 
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Monitoring Equipment 
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PCB Congener Averages (Aroclors not included)
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processes 
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processes 
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•	 PAHs were not being destroyed as 

anticipated.


•	 PCBs in low concentrations were being 

reduced in concentration.


•	 pH was not being changed by the ECGO 

process


•	 Plants and animals continued to live in the 
test and control cell. 

2/18/04	 RTDF Meeting 



ecp

electrochemical 

processes 2003 Program 

•	 Continue Testing at Erie Pier 
•	 Use Pyrolysis GC-MS Dr. Philps, University of 

Oklahoma 
•	 Contracted with Dr. Jay Means Western Michigan 

University for additional PAH analysis. 
•	 Instituted Redox Monitoring 
•	 Evaluated Impact of Humates on PAHs 
•	 Initiated additional sediments characterization

•	 Build Test Facility at NRRI 
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0.5mm 
(500:):) 

MAGNIFICATION: 25X 

QUARTZ SAND GRAINS 

SAND FRACTION (>62.5
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Original Sample Extract Extracted  Sample 

Day 0 Day 0 Day 0 

Day  100 Day 100 Day 100 
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Ion Mass 90 

Extracted Sample 0 Days Extracted Sample 100 Days 
Time 81 min Time 81 min 
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•	 Sediments in Erie Pier were very reductive

•	 Pyrolysis GC-MS indicates redox activity in 

the sediment 
•	 Sediment contained coal, tar, wood and 

vegetation fragments, slag, humic acids, oil, 
and a variety of foreign objects. 

• Analysis of samples for 66 PAHs taken 

from one confined area of the test cell 

shows reduction of PAHs during 2003.
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•	 Persistent gas formation (bubbling) in the 
ECGO treatment cell indicated that 
electrochemical reactions were occurring. 

•	 The combination of reducing conditions, 
sediment heterogeneity, presence of humic 
substances, and relatively high organic 
carbon content likely contributed to the 
treatment inefficiencies that were 
experienced. 
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•	 Traditional sampling and analytical techniques 
may be inadequate for assessing how 
alternative sediment treatment technologies 
may (or may not) be working in the field, 
particularly when one takes into account the 
“acceptable” range of analytical variability 
assigned to substances like PAHs, e.g., RPD of 
∗40% between laboratory duplicates, plus the 
typically heterogeneous nature of sediments 
and contaminant distribution. 
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•	 ECGO technology may need to be tailored 
and/or augmented to meet the specific 
characteristics of each treatment site, and to 
optimize performance. Alternatively, 
significant reduction of PAH contaminant 
levels within complex and organic-rich 
sediments using ECGO may be too difficult 
to achieve efficiently in-situ. In either case, 
the NRRI test facility will aid in making 
future assessments. 
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Coleraine, MN 
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processes Capabilities 
• Can Test  one cubic yard samples 
• Six Test Cells or more 
• Monitoring Equipment 
• Flexible to address individual client issues

• Sediments analysis 

– Particle characterization 
– Chemical analysis 
– Gas analysis 
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PAH Concentrations 
Name Day 1 Day 50 Day 74 Day 124 

Naphthalene 2.24 049 ND 
Acenaphthylene ND ND 
Acenaphthene 6.5 ND 

Fluorine ND 1.38 ND 
Phenanthrene 5.2 1.97 ND 
Anthracene ND ND 

Fluoranthene ND ND 
Pyrene 5.6 1.22 4.5 0.66 1.9 ND 

Benzo(a)anthacene ND 0.21 0.59 ND 
Chysene 7.2 0.74 6.7 0.57 2.4 ND 

Benzo(b)fluoranthene ND 0.16 ND ND 
Benzp(k)fluoranthene ND 0.19 ND 0.11 ND 

Benzo(a)pyrene ND 0.32 ND 0.24 ND 
Indeno(1,2,3-

cd)pyrene 
ND ND ND 

Dibenzo(a,h) 
anthracene 

ND ND ND 

Benzo(ghi)perylene ND 0.12 ND ND 
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Curt Anderson - Corps of Engineers 
Larry Zanko – Project Manager NRRI 
Tommy Myers – Corps of Engineers 
Scott Cieniawski – GLNPO 
Jim Harrison – Harrison Marine 
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