
ENHANCED NATURAL ATTENUATION 
OF MTBE, BENZENE AT A LOW 
PERMEABILITY COLORADO SITE 
USING iSOC® TECHNOLOGY 



iSOC® Gas inFusion Process

• iSOC® – in situ Submerged Oxygen Curtain 
using unique gas delivery technology.

• Supersaturates well with Dissolved Oxygen 
(DO) 40 to 200 PPM depending on 
groundwater depth.

• Natural convection current distributes  DO 
in the well.

• DO disperses around well into 
groundwater.

• Enhanced bioremediation removes target 
compounds.



Gas inFusion iSOC ® Technology

A patented method to:

• Rapidly and efficiently transfer gas to 
groundwater (infusion) w/out sparging.

• Generate DO concentrations from tens to 
hundreds of PPM.

• Maintain long term delivery of high DO 
levels.

• Virtually eliminate oxygen losses to the 
unsaturated zone.



iSOC® Dissolved Gas Concentrations 
in a Water Column  (ppm)



iSOC® Treatment Zone



Site View from MW-7A



iSOC® Case Study - Englewood, CO

• Low permeability silty clay sediments (permeability between 10-4 
and 10-6 cm/sec).

• Gradient of 0.04 with groundwater flow to the NE.

• Site depth to water table approx. 20 ft.

• DO disperses around well into groundwater.

• Benzene primary concern at site from mid 90’s to De c. 01'. MTBE 
sampled at site Dec. 01', found concentrations as h igh as 195,000 ppb.



History of Site Remediation

• Tanks pulled in mid 90s.

• Extensive amount of contaminated soil removed (no n ew tank installed).

• Sparge System Operated May 95 - Sept 96.

• Very ineffective.  Spread large amount of BTEX down  gradient, cross 
gradient.

• Site Groundwater Monitoring.

• Biannual 1996 – 2000.

• Quarterly 2001 to present.

• iSOC® Technology

• Pilot with one iSOC ® near MW-8, Jan 02 – July 02.  Additional 5 iSOC ®s
installed, Aug 02 - present.



iSOC® System Installation 

• MW-8 hotspot area, Dec. 01.

• Pilot of one iSOC ® was 
installed January 2002 
(injection well IW-1), 15 ft up 
gradient of MW-8.

• In August 2002, 5 additional 
iSOC®s were installed in 
areas of highest 
contamination.



View from MW-9 to North



Northern Remedial Compound



iSOC® Control Panel & O 2 Cylinder 



iSOC® System Installation

• All six iSOC ® s  have been in operation since August 2002.

• Injection wells are operating in well water columns  of approximately 
10 feet.

• Industrial-grade pure oxygen is injected into wells  at 15 cm 3/min.

• Dissolved Oxygen (DO) in all six injection wells ty pically between 
40 – 50 ppm during monthly monitoring.



Englewood, CO Capital Costs

• 6 iSOC® s x $3500 each = $21,000

• 2 iSOC® control panels x $995 each = $2,000.

• Tubing, 2 regulators, fittings, miscellaneous; Tota l = $600

• Install 6, 2”- diameter injection wells = $6,000.

• Total Capital Cost $29,600



Benzene Concentrations: December 2001
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Benzene Concentrations: September 2002
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Benzene Concentrations: March 2003
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Benzene Concentrations: June 2004
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Remediation Results: Benzene Reduction



MTBE Concentrations: December 2001
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MTBE Concentrations: September 2002

1000-MTBE Concentration 
Contour (ppb)

1000-MTBE Concentration at 
monitoring well (ppb)

S
E

P
 5

, 0
2'



MTBE Concentrations: March 2003
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MTBE Concentrations: June 2004
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MTBE Concentrations: June 2004

• MTBE Rebound Effects

• September, 02' after all 6 iSOC ®s installed.

• 2003, 2004 during seasonal water table LOW.



Water table Fluctuations & Rebound of MTBE for MW 8 : 
Dec 01’ to Dec 03’



Water table Fluctuations & Rebound of MTBE for MW 8 : 
Dec 03’ to June 05’



Englewood, CO Comparison of Costs: Site Monitoring 
Only vs. iSOC ® technology

• iSOC® 3 yr. costs 2.1 times greater than monitoring only.

• 2002 iSOC® costs: 

• 4Q monitoring, consultant Labor.

• 2Q of iSOC ® capital costs.

• 2Q of 1 iSOC ® pilot test capital costs.



Conclusion

• The iSOC® system was successful in stimulating attenuation of  the 
MTBE and benzene hot spot.

• Contaminant migration was limited.

• Benzene concentrations reduced up to 99%.

• MTBE concentrations reduced significantly but still  fluctuating.

• System continuing to operate to attenuate "rebound"  increases in 
MTBE and benzene in the core of the hot spot.

• Use of iSOC ® in low permeability sites provides cost benefit ove r 
site monitoring only option.


