
DOE/MC/31185-94/C0347 

The Du Pont, Monsanto, General Electric "Lasagna" Remediation 
Project -- Joint R&D and Financing 

Author: 
Philip A. Palmer 

Contractor: 
Du Pont Chemicals 
300 Bellevue Parkway, Suite 390 
Wilmington, Delaware 19809-3722 

Contract Number: 
DE-AR21-94MC31185 

Conference Title: 
Options for Land Remediation: Risk Assessment Strategies; Quality of 
Investigation; Technological Advances and Project Financing 

Conference Location: 
London, England 

Conference Dates: 
September 8, 1994 

Conference Sponsor: 
BICS International Ltd. R H II O T T 

. ^ a ^ ^ ^ ^ 1 ^ 
IS lUSUMlTO-



DISCLAIMER 
This report was prepared as an account of work sponsored by an agency of the 
United States Government Neither the United States Government nor any 
agency thereof, nor any of their employees, makes any warranty, express or 
implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 

This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and 
Technical Information, 175 Oak Ridge Turnpike, Oak Ridge, TN 37831; prices 
available at (615) 576-8401. 

Available to the public from tire National Technical Information Service, U.S. 
Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161; phone 
orders accepted at (703) 487-4650. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



THE DUPONT, MONSANTO, GENERAL ELECTRIC "LASAGNA" 
REMEDIATION PROJECT - JOINT R&D AND FINANCING 

BICS INTERNATIONAL CONFERENCE - OPTIONS FOR LAND REMEDIATION 
LONDON, SEPTEMBER 8, 1994 

Philip A. Palmer, P.E. 
Senior Environmental Fellow, 

Remediation Technology Programs Leader 
DuPont Specialty Chemicals, Corporate Remediation 

The "Lasagna" project (Exhibit 1) is the first of what we expect will be several large 
cooperative projects between industry consortia and government to develop improved 
remediation technologies. This paper provides some background on how this 
cooperative process came to reality, what the "Lasagna" process is (it is not a better 
way to make lunch), and how the cooperative arrangements and financing are 
structured. 

As you may know, there is a very large remediation effort underway in the 
United States, directed primarily under the Comprehensive Environmental Response, 
Compensation and Liability Act (known as Superfund) for multi-party or orphan sites, 
and the Resource Conservation and Recovery Act (RCRA) for industrial sites at which 
hazardous waste facilities are located (Exhibit 2a). One cost projection developed by 
the University of Tennessee Waste Management Research and Education Institute 
ranges from $650 billion to $1.7 trillion dollars for cleaning up all privately owned and 
government sites, depending upon the cleanup level and the technology assumptions 
made. Clearly we are not talking petty cash even if the assumptions are highly 
conservative (Exhibit 2b). 

Over time it has become abundantly clear to the regulated community that cleanup 
technologies being mandated under these laws are very expensive, and often do not 
live up to our expectations for effectiveness. 

Early in 1992, Dr. Philip Brodsky, Director of Corporate Research and Environmental 
Technology of the Monsanto Company, began contacting other major corporations to 
see if they were experiencing similar difficulties in applying cost-effective, or even 
workable technologies. He asked if they would be interested in developing a meeting 
with our Environmental Protection Agency (EPA) to discuss the technical problems we 
were facing in cleanup, research needs, and ways to accelerate development of more 
cost-effective techniques. Both General Electric (GE) and DuPont were early 
participants in this effort, and encouraged such an approach. 
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Monsanto pursued the concept with the EPA Administrator, and a meeting called 
"Project Listen" was convened under the auspices of EPA's Technology Innovation 
Office (TIO) in June of 1992 (Exhibit 3a). Representatives of 10 major corporations 
and many federal and state government agency officials and lawmakers attended. 
The meeting resulted in the definition of a number of key issues, and significant 
enthusiasm to explore ways to move forward. It was clear that the problems at 
industrial and government sites were similar, that the problem was too large for 
industry to tackle alone, and that there were many parallel R&D programs which could 
lead to unnecessary duplication of effort. Encouraged by this beginning, the EPA TIO 
then instituted the Remediation Technology Development Forum (RTDF), a series of 
meetings to facilitate the formation of industrial partnerships, and also to bring 
government agencies into the effort (Exhibit 3b). 

The RTDF developed a listing of priority issues to be addressed (Exhibit 4). The 
problems centered for the most part around better ways to treat contaminated soils 
and groundwater in-situ, and particularly ways to deal with chlorinated solvents, 
typically those dense enough to form a separate sinking phase in soils and 
groundwater. There was a general consensus that in-situ technologies held the 
greatest potential for less expensive remediations, but that the technical challenges 
were also the greatest. A problem which stood out is that of not being able to move 
contaminants effectively through low permeability soils for better removal or 
treatment. Monsanto had been working on a process to use electroosmosis to move 
contaminants to in-situ treatment zones, which they proposed as a potential joint 
project. Both DuPont and GE were doing work on similar projects to use 
electroosmosis, and on treatment methods for treating chlorinated materials in-situ, 
and decided it would be beneficial to pool resources for the common good. Hence 
the genesis of the "Lasagna" project, which is aimed at treating trichloroethylene 
through an electroosmotic process. 

Electroosmosis had been used for years to dewater soils for civil engineering 
purposes, and also to dewater sludges (Exhibit 5). The technique consists of 
imposing a direct current across a soil. As long as the pore water contains 
electrolytes, a f low will be induced, typically from the anode toward the cathode. 
This is because soils surfaces are usually negatively charged, producing a layer of 
positively charged counter-ions near the soil particle surface. The movement of these 
counter-ions induces flow throughout the pore volume, flushing away contaminants. 
The important feature of this technology is that f low is independent of pore size, and 
takes place in low permeability soils where hydraulic gradients are not effective in 
flushing. Electroosmosis is particularly effective in flushing because the flow is 
induced along the soil particle surfaces where contaminants are often trapped 
(Exhibit 6). 
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One of the potential drawbacks is that if the contaminants are to be transported long 
distances, the process is slow, and may become less efficient because of electrode 
polarization. The Monsanto concept is to emplace either a series of vertical of 
horizontal zones between electrodes to allow treatment of the contaminants as the 
pore water moves through these zones (Exhibits 7a and 7b). Electrode polarities could 
be changed to allow a back-and-forth washing movement. This layered approach led 
to the "Lasagna" description. 

In December of 1993 Monsanto, GE and DuPont formed a development consortium 
to share technologies and field test the concept. The technology contributions are 
shown (Exhibit 8). The partners will work together to develop the overall "Lasagna" 
approach, and bring treatment zone technologies individually to the project. 

Monsanto will bring the pioneering laboratory work on the Lasagna approach to 
electroosmosis, an aerobic treatment method for the treatment zones as well as 
manage the project's interaction with and funding through the U.S. Department of 
Energy (DOE). GE will bring electroosmosis modeling expertise as well as technology 
to use iron to dehalogenate solvents in-situ. DuPont will develop the vertical zone 
placement technology as well as bring their proprietary anaerobic biodegradation 
technology for in-situ treatment of chlorinated solvents. 

Much of the development work will be done within our laboratories, paid for by each 
participant. Needed operational funding will be contributed equally by each member. 
The members will have the freedom to use the technologies contributed or developed 
for remediations on their own sites, but will have to obtain licenses to use the 
technologies commercially. The value of the project work to be contributed is in the 
order of millions of dollars, including predevelopment efforts of contributed 
technologies and experience. 

Government participation is an essential element of this project (Exhibit 9). In January 
of 1994, the consortium members signed a Cooperative Research and Development 
Agreement (CRADA) with the EPA Risk Reduction Engineering Laboratory. Under the 
CRADA the EPA will develop hydraulic fracturing technologies to emplace horizontal 
electrodes and treatment zones. In addition, EPA will be working on anaerobic 
co-metabolic process to biodegrade chlorinated solvents in-situ. A CRADA is a special 
form of government partnership agreement allowed under the Federal Technology 
Transfer Act of 1986 (FTTA). It protects the industrial partner's intellectual property 
and gives exclusive rights to market the jointly developed technologies. The value 
of EPA's contribution to the effort is about $600 thousand. 
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In April of this year the consortium was awarded a grant through the DOE for a 
proposal submitted by the consortium under a "Research Opportunity Announcement" 
(ROA). It is anticipated that the contract will be signed September 1,1994. A critical 
element in Lasagna development is the ability to prove the concept in the field. The 
DOE has agreed to provide a test site at its Paducah, Kentucky, Gaseous Diffusion 
Plant, where clay soils are contaminated with trichloroethylene. Between 
September 1, 1994, and July 3 1 , 1995, the DOE will also contribute approximately 
$700 thousand in direct project funding and reimbursement for some work undertaken 
by consortium members. The consortium members will contribute approximately 
$300 thousand in cost sharing, for a project total of $1 million. The funding will 
cover the initial field program where an adsorptive cell will be used to trap the 
mobilized trichloroethylene in solution. The application of other treatments will be 
pursued as a second phase experiment. 

Putting it all together, the relationships of the parties is quite complex (Exhibit 10). 
As shown, Martin Marietta, which operates the Paducah site for the DOE will be a 
significant cooperator in the project. Both laboratory and field programs are underway 
with encouraging results. One of the most rewarding aspects of this program is the 
extraordinary degree of enthusiasm and sense of common purpose exhibited by all 
participants in government and industry. 

We expect further developments under the RTDF. Planning and the development of 
an agreement for a bioremediation group to field test natural and accelerated 
anaerobic dechlorination processes for chlorinated solvents is nearing completion 
(Exhibit 11). We hope to combine the resources of five or more industrial partners, 
the USEPA, DOE and Department of Defense in a two-site, six field trial program. The 
three Lasagna consortium members have been strong supporters of this effort also. 

I am excited by our bringing together of some of our finest national resources to 
tackle difficult problems, and the degree of sharing and learning that has already taken 
place (Exhibit 12). I am hopeful that these, programs will help focus or national 
technology effort, bring a better understanding of the practical aspects of remediation, 
and most importantly help us cost-effectively tackle our mutual cleanup problems. 
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THE "LASAGNA" SOIL REMEDIATION PROJECT 

4 

• Background on The Cooperative Process 
i 

• Description of The "Lasagna" Process 
i 

• Cooperative Arrangements and Financing 

> 

+ 
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BACKGROUND-
REMEDIATION IN THE UNITED STATES 

MAJOR U.S. REMEDIATION LAWS 

• Comprehensive Environmental Response, Compensation 
and Liability Act (CERCLA, or Superfund) 

«> Passed in 1980 
• "Orphan" Sites 
© Multiple Responsible Party Sites 

• Resource Conservation and Recovery Act (RCRA) 

© Corrective Action Required in 1984 Amendments 
• Sites Having Hazardous Waste Facilities 

Exhibit 2a 



BACKGROUND-
REMED/A TION IN THE UNITED STA TES (continued) 

00 
I 

REMEDIATION COST CONCERNS 

• $650 Billion - $1.7 Trillion Potential Cost1 

• Cost-Effectiveness Concerns 

• Expensive Clean-Up Technologies 
® Not Always Workable 
• Varying Degrees of Effectiveness 

i 
"Hazardous Waste Remediation: The Task Ahead", 
University of Tennessee Waste Management and Education 
Institute, December 1991 

Exhibit 2b 



PROJECT LISTEN / REMEDIATION TECHNOLOGY 
DEVELOPMENT FORUM 

^Monsanto Industry/EPA Discussions - Early 1992 

<s>DuPont, GE Support 

oject Listen Conference - June 1992 

® Sponsored by EPA Technology Innovation Office 
©10 Major Corporations 
® Federal Agenices 
• Congressional Staff 
e State Representatives 
© Environmental Groups 
® Discussed Experiences, Problems, Technical Issues 

Exhibit 3a 



REM ED I A TION TECHNOL OGY DEVEL OPMENT FORUM 

• Formation of the Remediation Technology 
Development Forum (RTDF) 

• First Meeting - September 1992 
• Further Diagolue on Research Needs 
• Facilitate Information Sharing, Partnerships 

Exhibit 3b 



RTDF PRIORITY AREAS OF INTEREST 

• Natural Restoration 

I • Accelerated Bioremediation (Chlorinated Solvents) 
! 

I • Site Characterization 
i 
i 

r \ • Electroosmosis/Hydraulic Fracturing 
(Low Permeability Soils) 

• In-Situ Soil Flushing (Dense Non-Aqueous Phase Liquids) 

• Sorption/Desorption 

• Permeable Reactive Barriers 

• Air Sparging 

Exhibit 4 
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PRINCIPLES OF ELECTROOSMOSIS 

'I 
k • Known and Used for Many Years in Civil Engineering 

©Dewatering and Stabilizing Soils 
• Reducing Infiltration into Excavations 

I ©Dewatering Sludges 

j ' • An Electric Field through a Porous Matrix Will Induce Flow if 
j ®The Pore Surfaces are Charged 

,L ®The Pores Contain an Electrolytic Solution 
I !̂ 
I • When Surfaces Charges are Negative (Typical Case for Soil), 
! the Induced Flow is Away from the Anode toward the Cathode 

• Induced Flow is Independent of Pore Size 

I ^Flov^ Can be Much Greater than Possible under Natural 
Hydraulic Gradients 

Exhibit 5 



SCHEMATIC OF ELECTROOSMOTIC FLOW IN A 
POROUS CHARGED MEDIUM (PROBSTEINf 1989) 
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SCHEMATI&WAGRAM OF THE LASAGNA PROCESS 

i 

A. Horizontal Configuration 
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SCHEMATIC DIAGRAM OF THE LASAGNA PROCESS 

B. Vertical Configuration 

ground surface 
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Exhibit 7b 
Note: Electric-osmotic Flow is Reversed 

upon Switching Electrical Polarity. 



INDUSTRY CONSORTIUM FORMATION (December 1993) 

Responsibilities 

• Monsanto 
• Lasagna Laboratory Pilot Testing 
• Aerobic Degradation Treatment Zone 
• Project Management - DOE ROA Program 

• General Electric 
© Electrokinetic/Chemical Modeling 

| • Abiotic (Iron) Treatment Zone (Halogenated Organics) 
i 
i 

• DuPont 
• Vertical Treatment Zone/Electrode Formation 

• ® Anaerobic Biodegradation Treatment Zone 

Exhibit 8 



GO VERNMENT A GENCY A GREEMENTS/PARTICIPA TION 

EPA 
• January 1994 Cooperative Research and Development 

Agreement 
* For Joint Development 
* Protects Industrial Partner's Intellectual Property Rights 
• Exclusive Licenses to Industrial Partner 

!• Horizontal Zone/Electrode Formation 
i 

*—» 
•^ i !• Cometabolic Biodegradation Treatment Zone 

DOE 
• Research Opportunity Announcement Funding 

• Funding for Field Pilot 

• Provide Test Site (Paducah, Kentucky Plant) 

Exhibit 9 



LASAGNA ORGANIZATION STRUCTURE 

Consortium 
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CONTEMPLATED FUTURE RTDF WORK 

• Biodegradation of Chlorinated Solvents 
• Natural Attenuation 
© Accelerated Anaerobic Bioremediation 
• Bioventing 

• Two Air Force Bases 
© Wurtsmith - National Environmental Technology Test 

Center (Michigan) 
• Dover (Delaware) 

• Industrial/Government Partnership 
• Five or More Corporations 
®DOD 

•• EPA 
®DOE 

Exhibit 1 1 



LONGER TEAM BENEFITS OF 
INDUSTRY/GOVERNMENT PROJECTS 

• Help Focus National Remediation Technology Effort 

g 
Bring Better Understanding of Practical Problems 

• Lead to Accepted, Cost-Effective Solutions 

Exhibit 12 


