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IN-SITU CHEMICAL OXIDATION CASE STUDY 
 

 

Site Background and History  

A pipeline pumping station in Texas has transported diesel and 
gasoline for over 60 years, resulting in soil and groundwater 
contamination. The site is under the regulatory jurisdiction of 
the Texas Commission on Environmental Quality. A high vacuum 
extraction system was in operation over ten years. LNAPL 
persistently recurred in monitor wells near the property border 
preventing regulatory closure.  A field implementation was 
performed evaluating the effectiveness of an EthicalChem S-
ISCO (Surfactant Enhanced In-Situ Chemical Oxidation) 
treatment train. Those results are presented in this case study.  
 

Implementation 

Soil sampled from the lower vadose zone (25 - 25.5 ft bgs) prior to treatment exhibited   free   

NAPL   from   highly weathered diesel and gasoline. Monitor well MW-25 was installed in this 

PROJECT FACTS 

Site 
Pipeline Pumping Station 

Problem 
Persistent recurrence of 

ephemeral LNAPL in monitor 
wells was preventing regulatory 

closure. 

Cause 

Petroleum LNAPL sequestered 

within interstitial pore space at 

the lower vadose zone 

seasonally resulted in 

measureable LNAPL presence in 

groundwater monitoring wells. 

Treatment Approach  
Remove petroleum sequestered 

in soil from the smear zone; 

NAPL in particular. 

A Surfactant Enhanced chemical 

oxidation (SISCO) treatment train 

specifically designed for this site 

was implemented as a cost-

effective, permanent solution. 

Results 

All detectable NAPL was 
removed, no sheen remains. 

TPH and BTEX reduced by over 
99% in soil and groundwater. 
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borehole for performance   monitoring. Four injection wells were installed approximately 10 ft. 

radially from MW-25.  

Pre-treatment soil analytical results are as 

follows: 

Total Petroleum Hydrocarbon 

C6-C12 = 36,000 mg/Kg 
C12 - C28 = 28,000 mg/Kg 
C28 - C35 = <1250 mg/Kg (U)  
C6 - C35   = 60,000 mg/Kg  
  
Benzene = 21.000 mg/Kg 
Toluene  = 240.000 mg/Kg 
Ethylbenzene = 210.000 mg/Kg 
Xylenes (m, o & p) = 800.000 mg/Kg 
BTEX = 1,271 mg/Kg 

 

S-ISCO Treatment 

Transitioning  non-aqueous  phase  organics  into  an  aqueous  

phase  and  producing  persistent  contact between the organic 

contaminant and the oxidant reagent is critical for achieving 

adequate NAPL destruction. The treatment area was 

inoculated using VeruSolve-HP aqueous reagent as a 

Surfactant- Enhanced In-Situ Chemical  Oxidation  (S-ISCO®) 

technology,  manufactured  by  EthicalChem.   

 

EthicalChem’s stabilized surfactant/͈cosolvent/oxidant blend 

creates a single-phase micro-emulsion where the contaminant 

is solubilized and dissolution of constituents occurs without 

mobilization. This allows for the destruction of the 

contaminants that are otherwise in a non-aqueous phase. The 

resulting oxidation reaction will occur over time.  Reaction 

kinetics are controlled, sustaining a highly oxidative 

environment for weeks. Extended persistence greatly 

increases the contaminant-oxidant contact, thereby 

producing very favorable results. 

TECHNOLOGY BACKGROUND 

S-ISCO® is an innovative Green 

Chemistry Technology that combines E-

Mulse, a biodegradable, plant-based 

surfactant/co-solvent mixture, with an 

oxidant system to destroy soil and 

groundwater contamination in-place. 

Use of E-Mulse surfactants in an in-situ 

chemical oxidation process increases 

the miscibility of organic contaminants 

bringing them into the aqueous phase, 

where primary oxidative destruction of 

contaminants occurs. E-Mulse 

enhances ISCO by desorbing and 

emulsifying contaminants for 

destruction by a co-injected oxidant 

such as Klozur® persulfate. 
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The treatment area was inoculated with four 

500-gallon batches of VeruSolve HP reagent 

separated by one week per batch.   Step-wise 

inoculation with three interim 7-day non-

injection periods was a critical component to 

overall contaminant destruction efficiency.     

Groundwater quality was continually 

monitored for oxidation-reduction potential, dissolved oxygen, temperature, specific conductance and 

pH. Groundwater piezometric surface was continuously  monitored  in  the  treatment  area  during  

injection  allowing  for  injection  flow  rate  and pressure modulation to insure optimal subsurface 

distribution.     

S-ISCO Results 

Groundwater samples in the photo 

to the right visually depict different 

stages of the Surfactant-Enhanced 

In- Situ Chemical Oxidation 

process. Initial Winsor Type I 

solubilization followed by 

sustained oxidation kinetics is 

evident. 

After S-ISCO treatment, a soil 

boring was   installed within 18   

inches   of MW-25. No NAPL is 

detectable.  The previously 

sampled soil interval (25-25.5 ft bgs) was 

re-sampled.  

Post - treatment soil analytical results are 

as follows:  

Total Petroleum Hydrocarbon 
C6-C12 = 152 mg/Kg 
C12 - C28 = 280 mg/Kg  
C28 - C35 = <12.9 mg/Kg (U)  
C6 - C35   = 432 mg/Kg 
 
Benzene = <0.005 mg/Kg (U) 
Toluene  = <0.005 mg/Kg (U) 
Ethylbenzene = 0.3939 mg/Kg 
Xylenes (m, o & p) = 0.1520 mg/Kg 
BTEX = 0.5459 mg/Kg 

Pre-Treatment
~0.01 ft LNAPL
BTEX = 1,271 mg/L
TPH =  1,815 mg/L

After ~25%  of treatment  
Micro-emulsion formed

After ~ 50% of 
treatment. Oxidation 

taking place

After ~75%  of treatment
Oxidation continues

After treatment 
BTEX = 0.289 mg/L
TPH = <2.5 mg/L (U)
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Results Summary and Site Status  

 

The site has three specific regulatory based clean-up goals that must be met in order to obtain 

closure:   

1. Eliminate measurable LNAPL re-occurrence in groundwater monitor wells  

2. Reduce soil TPH GRO, DRO and Benzene concentrations below risk-based closure goals  

3. Reduce groundwater TPH GRO, DRO and Benzene concentrations below risk-based 

closure goals  

 This implementation demonstrated S-ISCO (Surfactant-Enhanced In-Situ Chemical Oxidation) 

sufficiently achieved the following goals:  

 Separate Phase Hydrocarbons: the source for ephemeral LNAPL was eliminated. 

 COC concentrations were reduced as follows:

SOIL PRE-TREATMENT REMEDIAL GOAL POST-TREATMENT 

TPH GRO (C6 – C12)   
TPH DRO (C12-C28) 
Benzene            

36,000 mg/Kg 
28,000 mg/Kg 
21.000 mg/kg    

≤ 2,640 mg/Kg 
≤ 14,700 mg/Kg 

≤ 2.56 mg/Kg 

152 mg/Kg 
280 mg/Kg 

<0.005 (U) mg/Kg 

GROUNDWATER PRE-TREATMENT REMEDIAL GOAL POST-TREATMENT 

TPH GRO (C6 – C12)   
TPH DRO (C12-C28) 
Benzene            

1,000.00 mg/L 
810.00 mg/L 

2.000 mg/L 

≤ 16.1 mg/L 
≤ 149.1 mg/L 
≤ 0.083 mg/L 

<2.5 (U) mg/L 
<2.5 (U) mg/L 

0.062 mg/L 
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The field pilot study clearly demonstrated each regulatory closure goal was exceeded using S-ISCO 

technology tailored to site-specific conditions under properly guided and monitored application 

procedures. 


