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A Short Biography: Mike Kavanaugh

� BS, MS in Chemical Engineering, Stanford, UC Berkeley
� PhD in Civil/Sanitary/Environmental Engineering, UC 

Berkeley
� Registered Professional Engineer, Board Certified 

Environmental Engineer
� Consulting Engineer with 30+ Years of Private Practice
� Worked on over 200 contaminated sites, many impacted 

by chlorinated solvents
� Chaired two national committees of experts on 

groundwater cleanup issues (1994 and 2003), with focus 
on challenges at chlorinated solvent sites

� Member (1998), US National Academy of Engineering 
(NAE)
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DNAPL/Source Zone Issues have been 
Discussed in Several Reports 

� EPA, 2004. DNAPL Remediation: 
Selected Projects Approaching 
Regulatory Closure

� EPA, 2003. The DNAPL 
Remediation Challenge: Is There 
a Case for Source Depletion? 

� Environment Agency, 2003. 
Illustrated Handbook of DNAPL 
Transport and Fate in the 
Subsurface 

� ITRC, 2002. DNAPL Source 
Reduction: Facing the Challenge
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Technical Constraints: Contaminant 
Chemistry and Hydrogeology

*Relative ease of cleanup, where 1 is easiest and 4 is most difficult (NRC, 1994)
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Magnitude of DNAPL Challenge in US

� Estimated Number of DNAPL 
Groundwater Sites in U.S. > 30,000
� 3,000 to 4,000 DoD and DOE sites with chlorinated solvents
� 1,500 NPL sites with up to 60% DNAPL
� 25,000 Dry Cleaner Sites
� 1,500 Gas Manufacturing Plants
� ~ 200 Wood Treating Facilities 
� 2,000 – 3,000 RCRA Corrective Action Sites with DNAPL 

NRC, Contaminants in Subsurface, 2005

RCRA Category Includes former Chlorinated Solvent 
Manufacturing Sites with Significant DNAPL in Groundwater
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Technical practicability a  major 
issue at large DNAPL sites in US

� DNAPL source area, the most common alternative 
strategy to maintain protectiveness is containment

� Many examples :
� Westinghouse Elevator Plant, Pennsylvania
� Vertac, Inc., Arkansas
� Hardage/Criner, Oklahoma
� Montrose/Del Amo, California
� Schofield Barracks, Hawaii
� Tucson International Airport Area, Arizona
� Westinghouse Electric, California
� Pease AFB (Site 32) , New Hampshire
� Naval Air Development Center, Pennsylvania

Malcolm Pirnie, 2003.
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Sites with Technical Practicability Constraints: 
Examples

� Large volume contaminated by solvents as DNAPL; final 
remedy included containment approach and TI Zone

Site Name DNAPL? Contaminants Geology TI Zone

Pease AFB (Site 32) , New Hampshire Y Chlorinated solvents Sands and silts 32,500 sq. m
Extends into bedrock

Naval Air Development Center, Pennsylvania Y Chlorinated solvents Fractured bedrock 470 sq. m
21 m deep

Aberdeen Proving Ground, Maryland Y Chlorinated solvents Sands and silts 28,000 sq. m

Rodale Manufacturing Company,  Pennsylvania Y Chlorinated solvents Fractured bedrock 6500 sq. m
100 m deep

G.E. Moreau, New York Y Chlorinated solvents, 
PCBs, oils

Fine sands, 
interbedded silts 

and clays

Source and plume
900,000 sq. m

18 m deep

Niagara Mohawk , New York Y Chlorinated solvents,
coal tar

Sands and clays Not specified

Edwards AFB, California Y Chlorinated solvents Fractured bedrock 41,000,000 sq. m

DuPont/Necco Park, New York Y Chlorinated solvents Sands, silts and 
clays

Not specified

Tansitor Electronics, Vermont Y Chlorinated solvents Glacial till 39,000 sq. m

South Municipal Water Supply Well Site, New 
Hampshire

Y Chlorinated solvents Overburden and 
bedrock

Source and plume

Malcolm Pirnie, 2003.
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EPA 
Source 
Depletion 
Report, 
2003
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Status of Development and Deployment of 
Source Remediation Technologies

Technology Pilot Studies Full Scale
Predictive 

Models
Sufficient 
Cost Data

At Least One 
Site Closure 

More than 
Two Vendors

Water Floods Y Y Y Y N Y

Surfactants/Cosolvents Y Y Y Y N Y

Air Sparging Y N N N N Y

Steam Injection Y Y Y Y Y Y

Electrical Resistance Y Y Y Y Y Y

Conductive Heating Y Y Y N N N

Chem Ox Y Y Y Y Y Y

ZVI/Clay Y Y N N N N

Biodegradation Y Y N Y N Y

Combination - Co Solvent 
with Biodegradation

Y N N N N N

Combination - Thermal 
with Chemical Oxidation

Y N N N Y N

Note: Y = yes, meets criteria; N = no, it does not meet criteria. (EPA,2003, updated)

9
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Adaptive Site Management Approach 
preferred Approach at Complex Sites 
(NRC, 2003)

� Iterative approach to cleanup 
� Effective site characterization  
� Use of data to provide a wider range of decision options
� Improved site management

� Multiple objectives to site cleanup that evolve over 
time (e.g., containment, mass removal)

� Formalizes questions and decisions that the project 
team needs to address and reach consensus  

� Allows for adaptation to technology developments, 
remedy effectiveness and other new information

NRC, Environmental cleanup at Navy facilities, 2003
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DNAPL Source Depletion 
Technologies Evaluated at BIP Site

� Detailed review of literature and technology 
review mission to US (2005)

� Enhanced In-Situ Biodegradation
� Field trials (2004-2007)

� Expert panel to review technical options (2007)
� In-Situ Chemical Oxidation

� Laboratory studies (2006)
� Conceptual design and costing (2008)

� Thermal technologies – Steam and Conductive 
Heating
� Conceptual design and costing (2008)
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Summary
� Compared to US practice at large complex 

DNAPL sites, Orica decision analysis following 
best practices for site remediation
� Full site characterization
� Remedial measures to eliminate risks to human health 

and environment (hydraulic containment and mass 
removal)

� Operation of complex treatment system that is  
removing substantial VOC contamination from 
subsurface

� Assessment of DNAPL source removal technologies
� Adaptive management approach assessing benefits 

and costs of DNAPL source depletion and optimizing 
pump and treat system


