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Chlorinated Solvents
 

•	 Trichloroethene, Tetrachloroethene, Trichloroethane, Carbon 
Tetrachloride, etc 

•	 Ubiquitous Contaminants in Groundwater 

–	 Present at 80% of Superfund Sites Nationwide 

–	 Primary COC for 44/48 state and federal sites in AZ 

•	 Several Toxicological Effects 

•	 Significant Impact on Sustainability of Water Resources 
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Evolution of GW Remediation 

*Disclaimer: this is simplified 

•	 Initial Approach (1970’s to early 1990’s)­
–	 Pump-and Treat is king 
–	 Became evident that P&T not effective for complete site cleanup
 
–	 Need to address the source zones 

•	 First Paradigm Shift (mid 1990’s to mid 2000’s)­
–	 Source-zone Remediation will solve problem 
–	 Became evident that can not remove all contaminant mass 

•	 Alternate Paradigm Shift (2000’s)­
–	 Monitored Natural Attenuation (MNA) 
–	 Became evident that MNA often not successful without source-zone 

treatment 

•	 What Next??? 
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TIA  A Superfun  d Site 

• NP  L Listi  ng i  n 1983 

• Multipl  e installations 

• Extensiv  e groundwate  r 

contamination 

•Impact  o  n City  Wel  l Field 



Imp  act o  n Hum  an Health  , and 

Toxic-To  rt Lawsuits 

Multiple  Lawsuits  have  been  settled  for  
combined  several  $100’s  millions 



  
   

 

 

 
   

  
   

Pump and Treat
 
• Five Systems in Operation 

• South Plume- 1987 
Removal • Others- Early 1990’s 

Groundwater
 
= 235 Billion
 

Liters
 

Solvent Mass
 
= 15, 600
 

Kgs
 



 

 

   

 

   
 

 

   
 

TCE Removal
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TCE Removal
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UA TIAA Study
 

• 1991/1992 
– Initial Meetings with Hughes Personnel 

• 1993 
–	 Meet with Air Force Personnel 
–	 Submit Initial Proposal to Hughes/USAF 

• 1994 
–	 Funding Approved 
–	 Meet with Regulators (EPA, ADEQ, ADWR) 
–	 Press Release 
–	 Present Plan at TIAA UCAB (community 

committee) 
–	 Fact Sheet for Project Released to Public 
–	 Work Plan submitted for Review (Regulators, 

USGS, Public) 

• 1995 
–	 Field Work Initiated 
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UA TIAA Study
 

• Site Characterization 
• Source-Zone TCE Mass Flux 

• TCE Spatial Distribution (areal, vertical) 

• DNAPL presence 

• Advective, Diffusive, Dispersive Transport 

• Laboratory Experiments--- Mass Transfer Processes
 

• Mathematical Modeling--- Plume Behavior, S-Z Flux
 

• Pilot Source-zone Remediation Projects 
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Project Highlights
 

Intersection with SRP Strategic Plan 

• Advances in Understanding DNAPL Behavior 
– integration of laboratory-based basic research with solution-based
 

applied research conducted at an actual hazardous waste site
 

• Development and Testing of Innovative Methods 
– NAPL Partitioning Tracer Test 
– Diffusive Tracer Test 
– Contaminant Mass Discharge Test 
– Vertical Enhanced-Solubilization 
– In-situ Chemical Oxidation (permanganate) 

• Student and Post-Doc Training 

• Leveraging of Multiple Funding Sources 
– USAF, SERDP, ESTCP, Tucson Airport Authority, EPA 
– NIEHS SRP…. invaluable base and bridge support 



 

 

     

     

   

         

        

 
   

 

    
   
  

 
 

 

 

 

Project Highlights
 

Research Translation 

• Technology Transfer 

–	 Participate in Annual Technical Exchange Meeting 

–	 Study Results Used for Site Remediation 

• Revised Site Conceptual Model 

•	 Pilot Test for ISCO-- used for full-scale operations at AFP44 

and also used at other source-zone locations of TIAA 

• Information Transfer	 • Community Involvement
 
- Development of Print Media - Participant in Community Advisory 

Board meetings and 
Translation 

Community organized events 
& Outreach
 

Coor’s
 

Monica
 
Ramirez
 

Denise 
Moreno 



     

  
 

   
 

     
  

  

  

Case Study: ISCO at AFP44 Site
 

•	 In-situ Chemical Oxidation 
- Permanganate [MnO4-] 
- Abiotic Transformation of 

TCE, etc 
- Injected 37,500 Kg in two
 

primary source zones
 

• Remediation Effectiveness
 
Metric
 

- Mass Flux Reduction
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Source-zone Mass Flux
 

Input for dissolved-phase groundwater plume 

(Function of Source-zone Architecture and Flow Field) 
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(Figure adapted from EPA)
 
14 



 

 
 

 

 

  

  

  

  

  

     Impact of ISCO: Single Source Zone 
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Summary
 

• MFR-MR Relationship Useful for Evaluating Behavior
 

• NAPL Distribution and Flow-field Dynamics are Key 

– Accessibility of NAPL 

• Source-zone Remediation Can Not Remove all Mass
 

• Long-term Management of Sites 
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