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Project Background
• On November 25, 1998, a diesel fuel tank on a railroad 

locomotive was punctured by a piece of loose steel near 
a switch location in the rail yard. 

• An emergency response contractor responded to the 
site and removed the remaining fuel from the locomo-
tive’s tank and free product from the ground surface.

• Because of the high traffic density on the rail spur, clos-
ing this section of track would be impossible. 

• ~200 gal. of diesel fuel were released to the ground 
surface, of which ~110 gal. were recovered.

• Groundwater was not impacted. 
• Soil sample results identified benzo(a)pyrene in sever-

al samples obtained from a depth of 0-3 ftbgs., at con-
centrations that exceeded the recognized soil remedi-
ation objective such that some remedial actions were 
warranted. 

• Accordingly, the Illinois Environmental Protection Agen-
cy (IEPA) Office of Chemical Safety – Emergency Re-
sponse Unit, required that a Remedial Action Plan (RAP) 
be prepared and submitted to the IEPA for their approv-
al to mitigate the site.

• The areal extent of the impacted soil was ~ 2,500 ft2. 
• The volume of impacted soil equated to ~ 300 yd3.

Proposed Remedial Action
Conventional remedial technology such as excavation 
or soil vapor extraction, was obviated because of fear of 
damaging the rail bed as well as impeding traffic. 

A new in-situ chemical oxidation process developed by 
Lundy, was selected because of its ease of application 
and its previous success at remediating diesel fuel and 
polyaromatic hydrocarbon (PAH) impacted sites.

The remediation technology proposed for the site was 
in-situ catalytic oxidation. Soil conditions at the site, e.g., 
permeable sand and rail bed ballast, are ideal for in-situ 
methods. Conventional remedial actions such as exca-
vation and disposal were impracticable because the im-
pacted area was located within an active rail yard and 
would have required the temporary shut-down and dis-
mantling of several track sections. In-situ methods such 
as bioremediation and catalytic oxidation were preferred 
because they are much less intrusive to the rail yard op-
erations. Unfortunately, bioremediation is a slow process 
and conventional catalytic oxidation (Fenton’s Reagent) 
is dangerous and doesn’t work well for shallow adap-
tations where site paving is not available. Ultimately, a 
new catalytic oxidation process (Cool-Ox®) was selected 
because it had been previously demonstrated to Patrick 
Engineering that it was safe, worked well for shallow ap-
plications and was very effective at oxidizing hydrocar-
bon and recalcitrant chlorinated contaminants.

The Oxidation Process
• Based upon hydrogen peroxide (H2O2) chemistry. 
• Unlike conventional Fenton chemistry which injects liquid H2O2, this process generates hydrogen peroxide in-situ. This is 

accomplished by injecting a patented reagent blend (Cool-Ox®) that contains an aqueous suspension of peroxygens and 
amendment compounds formulated to control pH and catalytic activity as well as the production rate of H2O2. 

• Because the quantity of H2O2 available at any given time is minimal, the process does not generate the heat indicative 
of conventional Fenton chemistry. Therefore, loss of contaminants through thermo-volatilization is obviated.

• For shallow applications (< 14 ft.) the reagent can be applied using a soft-advance drilling technique that creates a high 
velocity, low volume fluid jet that displaces the soil immediately around the tip of a hand-held probe rod. 

• These injection points are closely spaced to ensure that the impacted soils are sufficiently mixed with the reagent. The 
pumping equipment can also be staged away from the injection zone. This eliminated the impact of remedial equipment 
upon an area of high railroad activity.
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Results
The samples were submitted to a qualified environmen-
tal laboratory for chemical analysis of polyaromatic hy-
drocarbons including, benzo(a)pyrene. Evaluation of the 
effectiveness of the chemical oxidation remedial activity 
was based upon the comparison of the soil samples after 
treatment verses the contaminant concentration prior to 
treatment. The post treatment samples were then com-
pared to the Tiered Approach to Corrective Action Objec-
tives (TACO) to determine if the technology was effective 
in meeting cleanup requirements. All samples analyzed 
were less than the Maximum Contaminant Level (MCL) 
allowed under Illinois state standard (0.8 mg/Kg) for ben-
zo(a)pyrene in soils. A representative example of four of 
the sampling points are offered below (See Table II).

Table II

 Sample   Pretreatment   34 Days Post Treatment

   SP-1         4.46*               <0.008
    SP-2         2.38           <0.008
    SP-3         8.25           <0.008
    SP-4         6.42           <0.008

      *Results express in mg/Kg

The Application
• Based upon the soil type, the shallow distribution of the 

contaminant and experience at treating similar sites un-
der similar circumstances, the following remedial action 
strategy (See Table I) was designed for the site. 

• Both the chemistry used to remediate the site as well as 
the proper injection technique, are equally important. 

• The first step was to determine if the point spacing ma-
trix chosen was correct for the site. 

• This is accomplished by observing reagent communi-
cation between the injection points. 

• If no reagent is expelled back to the surface during the 
injection process, the point spacing is decreased until 
communication is observed. This is then defined as the 
“radius of influence” for the site. The hole spacing is 
then increased to by approximately two-thirds (2/3) to 
assure mixing in the soil.

• When the reagent contacts contaminants, mild off-gas-
sing is observed if the pH and catalytic factors have 
been properly formulated. This reaction is used to de-
termine the location of the contaminants (See Photo I) 
as well as optimizing the reagent blend formulation.

• Access to the subsurface through the ballast layer was 
accomplished with the use of a hammer drill equipped 
with a 3 ft. bit. Once the hole was completed, it was filled 
with dry bentonite to prohibit the crushed rock from again 
filling the cavity and to aid in promoting a seal between 
the injection rod and the surrounding earth. This sig-
nificantly reduces the reagent “blow-back” through any 
annulus created by the robust jetting action of probe.

• The third factor affecting the injection application is the 
liquid load factor of the soil or, the gallons of reagent 
per cubic yard that the soil will hold before expelling 
the remainder to the surface. This differs from what is 
commonly referred to as “pore space” because it is sig-
nificantly affect by the moisture content, contaminant 
type and content and the heterogeneity of the soil. It is 
critical during the injection process, that the operator 
be aware of the ability of the soil to hold the designed 
volume of reagent. If reagent expulsion is observed, the 
injection volume and/or technique must be adjusted to 
accommodate this eventuality. 

• During the application work at this site the load factor of 
seven (7) gallons per cubic yard proved to be optimum. 
All site work was completed in one (1) week.

Table I
 
 Areal Extent:        2,700 square feet
 Vertical Extent:        0 to 4 feet
 Cubic Yards:        400
 Injection Matrix (Point Spacing):   3 feet
 Number of Points:       300
 Total Gallons Reagent:     2,800
 Gallons Reagent per Point:    ~9
 Gallons Reagent per Cubic Yard:  7
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Mild Off-gassing

Remediation of a Polyaromatic Hydrocarbon 
Release at a Railroad Switchyard


