
Background/Objectives: This paper presents a 

new approach for performing two-phase extraction 

without removing groundwater, and an alternative 

method of in-well stripping method. One of the 

challenges of two-phase extraction is to remove and 

treat extracted groundwater. With current discharge 

requirements and extensive testing of extracted 

groundwater prior to discharge, two-phase (or dual 

phase) extraction is becoming more and more cost 

prohibitive. Additionally, currently available in-well 

stripping and recirculation methods are complex 

and require a down hole pump, air injection, water 

spray etc., which complicates the process and re-

quires intensive operation and maintenance time.  

 

Approach/Activities:  In order to overcome the 

challenges outlined above, a new approach has 

been developed for re-circulation of the groundwa-

ter after it has been extracted and the most volatile 

hydrocarbons stripped off. As it is known, two-

phase extraction using a drop tube strips up to 99% 

of the VOCs from groundwater during extraction 

within the well. In this new method, groundwater is 

being re-circulated in the same well between two 

zones separated by a packer,  between saturated and 

vadose zone, or between two adjacent wells. The 

circulation is done under vacuum without using any 

pumps, compressor, spray or push mechanisms. 

This system requires no moving parts or valves in-

stalled in the wells. Water may be circulated in the 

same well between different zones, or between two 

adjacent wells. If two adjacent wells are used for re-

circulation, the wells should be close enough to be 

within each others capture zones. A simple analyti-

cal groundwater model may be necessary to demon-

strate to regulatory agencies that most or all of the 

re-circulated water stays within the capture zone of 

the recirculation well clusters.  This method can be 

applied as a single well recirculation or as a system 

of recirculation well clusters to treat a larger area.    

Additionally, recirculation flow can be reversed 

very easily with this method.  
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Benefits of VacCirc System: 

¶ The VacCirc System removes (strips) up to 99 % of the 

volatiles from groundwater during each recirculation 

cycle. 
 

¶ Provides same benefits as two-phase or dual phase 

extraction for both groundwater and vadose zone 

treatment without the hassle of water treatment, 

discharge and NPDES sampling.  
 

¶ Enhances naturally occurring biodegradation. 
 

¶ Recirculation flow may be easily reversed for additional 

treatment of different zones.  
 

¶ Groundwater is re-circulated multiple times in the 

contaminated zone during the process. Each re-

circulation cycle will remove up to 90 % of VOCs from 

groundwater. Cleaner groundwater as it is being re-

circulated in the subsurface will also remove adsorbed 

contaminant from the soil matrix. 
 

¶ The system may be enhanced by adding an iSOC unit or 

an ozone generator to increase biodegradation in the 

subsurface. 
 

¶ VacCirc will remove even hard to strip compounds such 

as 1,4-dioxane after multiple recirculation and stripping 

cycles. Given that each cycle strips 10% to 20% of 1,4-

dioxane, after 10 to 20 recirculation cycles, 60% to 98% 

of the 1,4-dioxane will be removed.  

Figure 3 - VOC Stripping during two -phase extraction: This 

table shows the MTBE and BTEX stripping rates during multiple 

two-phase extraction tests performed at several sites in Southern 

California. (Pehlivan et al, 2000) 

Figure 2 - Dual well in a single borehole recirculation cell: 

Water is re-circulated between two wells. Groundwater may 

be removed from the deep well and released into the shallow 

well or removed from the shallow well and released into the 

deep well. Both wells are completed in the same saturated 

zone and the screen intervals are  separated with a two- to 

five-foot thick bentonite seal.  

Figure 1 - Single well recirculation cell: Water is re-

circulated between two separate screen zones of the well. The 

recirculation flow can be reversed between upper and lower 

screen zones in the same well. 

Figure 4 - Air/Water Separation: The figure on the left 

shows an air/water separation column that can be installed 

when using two or more wells. This column may be 

adjusted for different types or sizes of wells. Picture on the 

right shows a well cap detail for a 4-inch release well.  

Figure 5 - Slant Well Setup: This figure shows a vertical 

collection well and a slant release well setup. This method 

requires a smaller foot print on the surface with a larger 

area of recirculation in the subsurface.  

Results/Lessons Learned: The method can be used in a 4-

inch diameter or larger monitoring well with slight 

modification. Single well systems do not require 

permitting. Dual well or multi-well systems may require 

permitting in some regulatory jurisdictions. This method 

can also be used to perform chemical oxidation by adding 

chemicals to the re-circulating water with a simple vacuum 

draw mechanism.  
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Figure 6 - VOC Stripping: This table shows the VOC stripping ratio for 

a setup using in Figure 1. Water was removed from deeper screen and 

released into the shallow screen which is partially in vadose zone.  

Figure 7 - Groundwater Flow Modeling: This figure shows 

groundwater flow model for release and collection wells. A quick 

analytical groundwater model may be developed prior to using VacCirc in 

multi-well setups. As the model shows, during the recirculation, water 

will move between two wells. This will treat the water in the recirculation 

zone multiple times.   


