
Introduction
In July 2003, a gasoline underground storage tank (UST) system 

consisting of two 10,000-gallon capacity tanks was removed from a car 
rental facility in South San Francisco, California. Based on detections of 
petroleum hydrocarbons, BTEX and MTBE in confirmation soil and 
groundwater samples, the site was classified as a Leaking Underground 
Storage Tank (LUST) case with San Mateo County Department of Health 
in July 2003.  

The extent and magnitude of petroleum hydrocarbon impact in soil, 
groundwater, and soil-gas was characterized through investigations and 
monitoring from 2003 through 2009. 

Tetra Tech presented remedial options to address soil impacted by 
petroleum hydrocarbons in the vicinity of the fuel dispensers.  Initially, 
excavation and disposal of the impacted soil presented the lowest 
implementation cost even though a large warehouse structure covered a 
portion of the impacted soil. Concerns were raised by Tetra Tech during 
planning that the structural integrity of the warehouse footings and the fuel 
dispensers could be compromised by the excavation.    This concern 
prompted revisions of the implementation cost and the cost increased 
significantly, and as a result, the remedial options were  re-evaluated.

Objective and Methods
The objective of the selected remedy was to remove, or reduce below 

regulatory levels the human health risks associated with elevated 
concentrations of petroleum hydrocarbons, BTEX, and MTBE in soil within 
the 15 foot diameter area around the UST fueling system. 

Due to the proximity to the UST system and piping, and extensive 
underground utilities in the area of soil impact, Tetra Tech selected an In-
situ chemical oxidation (ISCO) compound, RegenOx®, to remediate soil in 
the vicinity of the fuel dispensers instead of excavation.  ISCO uses the 
process of chemical oxidation to destroy petroleum compounds and VOCs
present in soil and/or groundwater.  Chemical oxidation of the residual 
petroleum is achieved by injection of the oxidation compound into soil in 
affected subsurface areas.  The ISCO compound RegenOx® was selected 
since it was designed for use around UST systems.

An ISCO pilot test was conducted during two injection events in July 
2007. Baseline soil samples were collected prior to the first injection, and 
petroleum hydrocarbons exceeded the cleanup targets for chemicals of 
concern. Confirmation soil samples were collected following the pilot test, 
and indicated the results of ISCO application were inconclusive, possibly 
due to site lithology, which is interbedded bay mud, silt, sand and silty-
sand. Tetra Tech conducted two additional injection events in order to 
inject the amount of ISCO compound calculated as necessary to reduce 
soil impact below the previous soil cleanup target.  To increase the 
effectiveness of the third and fourth application events, the radius of the 
injection zone was increased to approximately 10 feet to reduce the 
possibility that ISCO compound would enter the pea gravel backfill material 
around the UST system, thereby allowing increased contact of the ISCO 
compound with subsurface soils.   In January and February of 2008, the 
third and fourth applications of ISCO were injected.  Site operations were 
only disrupted during injection events, and fueling activities were resumed 
on the same day.

Results
To treat and evaluate the soil impact zone, the 15 foot diameter

circular area was separated into three areas. Within each area, two 
injection zones are defined: a shallow zone from 2 to 4 feet bgl and a 
deeper zone from 4 to 6 feet bgl.  Baseline soil samples were 
collected in Area 1 and Area 2 only, on July 11, 2007.  Confirmation 
soil samples were collected in all three areas on August 22, 2007 
after ISCO injections events 1 and 2, and on March 5, 2008 after
injection events 3 and 4. MTBE is compared between the two 
confirmation soil sampling events only since MTBE analyses were 
not performed on the baseline samples.  
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Photos 2 & 3. Application of ISCO 
with surface seepage in the area 
of the current UST system.  

Figure 1. Locations of ISCO Injection Points and Soil Borings

Area 1 – Beneath the Warehouse
Comparison of Area 1 baseline soil samples (DP21) and 

confirmation soil samples results from the August 2007 sampling 
event (DP26 and DP27) and the March 2008 sampling event 
(DP28 and DP32), indicate that diesel concentrations are lower 
than the baseline concentrations in the shallow zone, but 
significantly higher in the deeper zone.  Benzene was not detected 
at or above the laboratory reporting limit in the August 2007 and 
March 2008 confirmation soil samples.  

Higher diesel concentrations relative to baseline in the 
deeper zone soil may be explained by soil heterogeneities and/or
the mobilization of subsurface pockets of diesel.  Lower 
concentrations of gasoline, diesel, and benzene in the shallow 
zone soil relative to baseline indicated some effectiveness of the 
ISCO compound reactions with the impacted soil in Area 1 as 
presented below.

Area 3 – South of the Fuel Dispensers and East and I nside of the 
Shed

Comparison of the shallow zone analytical results for the March 
2008 sampling event (DP31) indicates that the diesel concentration 
was slightly higher in March 2008 compared to the August 2007 
sampling event.  The gasoline and BTEX analytical results from the 
shallow zone show a significant increase in concentrations between 
the August 2007 and March 2008 confirmation soil sampling events.  

Surface seepage of ISCO from the electrical-utility vault 
observed during injections at borings I��14 and I��17, and the water-
utility vault during injection at boring I��16, indicates that ISCO probably 
entered the utility trench fill material.  The petroleum hydrocarbon 
sheen observed on the surface seepage of ISCO from the water-utility 
vault during injection at boring I��16, suggests that ISCO entering the 
utility trench mobilized subsurface pockets of petroleum hydrocarbon 
impact in the trench fill.  Both the presence of hydrocarbon sheen 
observed on the ISCO seeping from the water-utility vault during 
injection at I��16, and the significantly higher gasoline and BTEX 
concentrations relative to baseline in the shallow zone soil sample 
from the boring near the water-utility trench (DP31), can be explained 
by flushing of petroleum hydrocarbons from utility trench fill material.
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Photo 4. Surface seepage of 
ISCO from the electrical-utility 
vault.

Photo 5. ISCO injection at 
Boring I-14.

Area 2 – North of the Warehouse and Fuel Dispensers
Comparison of Area 2 baseline soil samples (DP22) and 

confirmation soil sample results from the August 2007 sampling event 
(DP23 and DP24) indicate that diesel concentrations were initially higher 
relative to baseline, but were lower relative to baseline in the soil samples 
from the March 2008 sampling event (DP29 and DP30).  The gasoline 
results for the March 2008 event varied, with a higher concentration 
relative to baseline in the shallow zone in one boring (DP29) and a lower 
concentration relative to baseline in the other boring (DP30), and lower 
concentrations relative to baseline in the deeper zone.  BTEX was not 
detected at or above the laboratory reporting limits in the March 2008 
samples, except for a minor detection of ethylbenzene in the shallow 
zone (DP29).  MTBE concentrations were unchanged between the 
August 2007 and March 2008 confirmation soil sampling events.

The lower diesel and gasoline concentrations relative to baseline 
indicate that injection of ISCO compound at a greater radius (10 feet) 
may have increased the effectiveness of the ISCO compound reactions 
by exposing more impacted soil to the ISCO compound.
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Conclusions
� Use of ISCO was a cost effective remedy for the site.

� Application of the selected ISCO compound allowed treatment of impacted soil 
within the vicinity of an active UST and piping system, and extensive underground 
utilities.

� Site operations were minimally impacted during injection events.

� Analytical results from confirmation soil sampling, groundwater monitoring, and soil 
gas sampling suggest an overall reduction of impact to site soil and groundwater.

� Final closure is pending the submittal of a well destruction report to the regulator. 
The nine groundwater monitoring wells at the Site were destroyed in May 2010.

Sub Slab Soil Gas Investigation - 2009
Following the application of ISCO to site soil, the remaining petroleum 

hydrocarbon impact to soil was primarily located underneath the warehouse slab. At the 
request of the regulator, a  sub-slab soil gas investigation was conducted in 2009 to 
evaluate the whether elevated petroleum hydrocarbon, BTEX, and MTBE 
concentrations were above regulatory levels. The purpose of this investigation was also 
to evaluate overall effectiveness of the remedial actions implemented at the Site.

The results of the recent sub-slab soil gas investigation suggest ISCO 
effectiveness at the Site since the last injection event in February 2008.  The analytical 
results from samples collected at sampling points within the source area (SG��1) and 
downgradient near boring DP19 (SG��2) did not detect the presence petroleum 
hydrocarbons in soil gas, and detectable concentrations of the target analytes benzene 
and MTBE were below the regulatory levels.

Photo 1.
Replacement UST 
piping at the 
corner of the 
warehouse 
overlying the 
impacted soil 
showing the 
complexity and 
challenges 
associated with 
remediation by 
excavation.

Quarterly Groundwater Monitoring (2004 through 2009 )
Groundwater monitoring was conducted at the site from 2004 through 2009, with 

a suspension in 2006 during soil and groundwater investigation activities.  Initially 
diesel and motor oil concentrations were detected above regulatory levels, but some 
analyses were considered suspect since silica gel cleanup was not conducted prior to 
analyses.  There were no other detections exceeding regulatory levels during 2004 
through 2005 groundwater monitoring.  

Additional wells were installed in 2007 and 2009.  Detectable concentrations of 
gasoline, diesel, and MTBE were present in groundwater samples from some site 
wells; although at concentrations below the regulatory levels. Diesel was consistently 
detected above regulatory levels in 2007 at one out of nine site wells. During 2008 and 
2009, no detectable concentrations of gasoline, motor oil, or BTEX were detected in 
site wells.  Detectable concentrations of diesel and MTBE were detected in 2008 and 
2009, at concentrations below the regulatory levels.  

Photo 6. Soil gas sampling inside warehouse at location SG-2.


