
                                 
 

1 
 

Using In-Situ Chemical Oxidation (ISCO) to Treat Contaminated 

Groundwater 

 
By Alex Misiti 

 

Abstract 
There are roughly 250,000 sites in the United States that 

require some form of environmental remediation, 75 

percent of which contain contaminated groundwater. In 

the past, the most common method for treating this 

groundwater has been to use “pump and treat” 

processes, in which groundwater is extracted, treated 

above ground and then discharged back into the media. 

Though these methods have proved to be effective in 

preventing the expansion of hydrocarbon plumes, they 

frequently require a great deal of time and maintenance 

and the source of groundwater contamination often 

remains unaffected.  

 

A fairly new technology that has shown much more 

promise in its use thus far is in-situ chemical oxidation 

(ISCO). The materials used in this process are readily 

available and the treatment time is substantially less 

than that of other methods used to treat contaminated 

groundwater. ISCO can also be utilized alongside a 

number of other treatment methods and is less intrusive 

than many other forms of environmental remediation as 

well. This report will evaluate the effectiveness of an 

ISCO event on an undisclosed site in New York State. 

Because the environmental firm that performed the 

remediation on this site prefers that its location remain 

confidential, it will be referred to as Site X. For all 

inquiries regarding the layout of Site X, please reference 

the map on the back page of this report. 

 

 

Overview of In-Situ Chemical Oxidation 

 

In-situ chemical oxidation is a treatment method in 

which oxidants are injected into contaminated soil in 

order to breakdown hazardous chemicals into substances 

that are harmless to the environment. There are three 

major chemicals involved with this process -- potassium 

permanganate (KMnO4), hydrogen peroxide (H2O2), and 

ozone (O3).  In some instances, different substances that 

possess similar characteristics to the chemicals listed 

above can be utilized. For instance, sodium 

permanganate (NaMnO4) is commonly used as a 

substitute for KMnO4.  Permanganate is a particularly 

effective oxidizer of organic compounds and it serves as 

the primary catalyst in the reaction.  The primary 

purpose of the hydrogen peroxide is to produce hydroxyl 

free radicals (which also serve as oxidizers). Because 

hydrogen peroxide reacts favorably with iron (Fe), it is 

often very advantageous to utilize ISCO technology in 

soil that possesses a naturally high iron content. Lastly, 

ozone is used to breakdown aromatic hydrocarbons in 

very short periods of time. In many instances, the 

reaction of ozone with hydrocarbon contaminants can be 

observed just seconds after injection commences.  

 

The substances produced as a result of the chemical 

reactions that occur during ISCO include innocuous 

compounds such as water, carbon dioxide and inorganic 

chloride. Because the effectiveness of ISCO varies 

depending on the hydrogeological characteristics of the 

site, pilot tests are often conducted in order to observe 

whether or not a full-scale event will be applicable. 

Though a pilot test was conducted on Site X, access to 

data was unavailable for review.  

 

Because excess hydrogen peroxide eventually breaks 

down into water and oxygen, engineers can overestimate 

the volume of chemicals needed to effectively remediate 

a site without worrying about producing any harmful 

effects. The volume of oxidant used during injection 

events is based on both the geological conditions of the 

site and contaminant levels in soil and groundwater 

samples. The method by which the oxidants are 

delivered into the ground also varies depending on site 

characteristics. In most instances, oxidants are combined 

with a catalyst in large storage containers above ground 

and then injected into the media as a mixture. Other 

forms of delivery include injecting the oxidants 

separately and allowing them to react within the soil. As 

previously mentioned, chemical oxidation events can be 

combined with pump and treat systems, soil vapor 

extractions and high intensity target events. In such 

instances, the process of injection is combined with 

existing systems in order to increase the effectiveness of 

remediation.  
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ISCO can be used to treat both soil and groundwater 

under a wide range of geological conditions. It is most 

frequently used to reduce the concentrations of BTEX 

(benzene, toluene, ethylene, xylene), semi-volatile 

organic compounds (SVOCs) and volatile organic 

compounds (VOCs). It’s also been effective in the 

treatment of pesticides, though its use in this area is not 

particularly prominent. 

 

Site History and Details 

 

Site X is a privately owned and operated gas station in 

Central New York. It became operational in the mid-

1950s and though there are currently no documented 

records of how many underground storage tanks (UST) 

were installed when the station first opened, there has 

been two separate tank removal events performed by 

separate environmental firms between the years of 1990 

and 1995. Additional information has been gathered 

from previous owners as well as village officials and it’s 

estimated that at some point in the 1980s, an 

environmental firm identified one large plume of 

contaminated soil and groundwater extending from the 

tank field, westward, in the direction of groundwater 

flow (away from the building). It was also discovered 

that a pump and treat system was utilized from 1995 to 

2000. In 2001, an agreement was reached with both the 

owner of Site X and the previous consultant, 

COMPANY A, in which consulting responsibilities 

would be transferred to COMPANY B  

 

The first groundwater sampling event on Site X was 

conducted by COMPANY B on February 8th, 2000. 

Samples were taken from 16 separate wells located 

throughout the site and were analyzed for total BTEX, 

methyl tert-butyl ether (MTBE) and total volatile 

organic compounds. After a series of soil boring tests 

were conducted, three separate monitoring wells (MW-

19, MW-20, MW-21) were installed West of the station 

building to get a more accurate estimate of the plume’s 

location. Because remediation operations were the 

responsibility of COMPANY B until the year 2000, 

design specifications of the pump and treat system could 

not be obtained. 

 

Analytical results obtained from sampling events 

indicated that contaminant levels on Site X fluctuated 

seasonally from 2000 to 2009. One particular event was 

conducted in April of 2009. Test results from this event 

revealed BTEX levels of 9900 (ug/L) and 3100 (ug/L) 

on wells MW-19 and MW-20, with negligible levels 

detected on well MW-21. Upon receiving these results, 

Groundwater and Environmental Services concluded 

that the pump and treat system that had been 

implemented years before did not reduce contaminant 

concentrations to a level that was compliant with 

environmental standards. As a result, the decision was 

made to utilize ISCO technology.  

 

Goals of Remediation 

 

The goal of the onsite remediation was to reduce 

contaminant levels (primarily BTEX) within the 

property lines of Site X, to below the New York State 

Department of Environmental Conservations Technical 

Operations & Guidance (TOGS) standards. Table 1 lists 

the current BTEX standards implemented by the DEC in 

New York State. The DEC TOGS standards are complex 

in that there are a number of allowable levels for each 

specific substance depending on the location of where 

the water will be discharged. The values used in this 

specific instance were for discharging the groundwater 

back into the soil where it originated. Because there 

were no private wells in the vicinity of Site X, drinking 

water standards were not applicable.  

 

 

 

 
 Table 1 – NYS Department of Environmental Conservation 

Technical Operation and Guidance Series Standards 

 

Contaminant 
Allowable Concentration 

(ug/L) 

Benzene 210 

Ethylene 50 

Toluene 100 

Xylene 65 

Total BTEX 425 
  

 

Site Geology 

 

Part of the phase II environmental assessment of Site X 

included the drilling of eight separate 2-inch diameter 

subsurface borings in the area that the plume was 

thought to exist. These subsurface borings were very 

important in determining the depth of the plume, 

severity of the contamination and the subsurface 

conditions of the site. The drilling method used was a 

hollow stem auger and field screening was utilized 

throughout drilling operations with a MiniRAE 2000 

Photo-ionization Detector (PID). Each boring was 
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drilled to approximately 28 feet below grade (FBG) with 

the groundwater table being encountered from 16-18 

feet. Though each boring differed slightly, they all 

revealed that the media consisted primarily of fine sand, 

with some borings revealing traces of silt.  It is 

important to note that all of the borings were hand 

cleared from 0-5 FBG in order to avoid the possibility of 

hitting subsurface utilities with mechanical equipment. 

 

Upon examination of the subsurface logs, it was 

determined by engineers and geologists at COMPANY 

B that because of the site’s sandy makeup, it would be 

an excellent candidate for ISCO. During groundwater 

sampling events, it was also observed that the wells had 

very high recharge rates, which indicated that water was 

able to flow freely through the ground. This further 

reinforced the decision to use in-situ treatment. 

 

Upon making the decision to use ISCO on Site X, a 

series of eight injection wells were installed. The wells 

were two-inches in diameter and were drilled to a depth 

of approximately 30 FBG. The well was polyvinyl 

chloride (PVC) pipe with screen installed approximately 

five feet below the surface of the groundwater table in 

order to ensure that oxidants would be able to enter the 

Phreatic Zone of the soil and percolate into the Vadose 

Zone.  Inside each well casing, a steel pipe was installed 

to a depth of approximately 20 FBG in order to allow for 

the injection of ozone during chemical oxidation events. 

Each well was packed with sand from 10-30 FBG with a 

bentonite seal on top extending to the surface of the road 

box, which was installed at a depth of one foot below 

grade. The construction of the well was carefully 

engineered to ensure that when oxidants were injected, 

adequate pressure could be applied to the PVC in order 

to force the chemicals deep into the soil without 

fracturing the bentonite seal or cracking the pipe itself. 

 

Calculation of Oxidant Demand 

 

Using the subsurface borings and analytical results from 

groundwater sampling events, it was determined that the 

contamination plume was approximately 53 feet in 

width, 42 feet in length, and 9 feet thick, putting the total 

estimated volume of impacted soil at roughly 20,100 

cubic feet. The porosity of the impacted zone was 

calculated to be 27.5 percent, meaning the total volume 

of groundwater it contained was approximately 5,500 

cubic feet or 41,200 gallons. Utilizing a simple computer 

program created by Groundwater Environmental 

Services, it was determined that approximately 6,000 

gallons of hydrogen peroxide would be needed in order 

to effectively reduce contaminant levels to acceptable 

levels. It was also decided that four separate events 

would be scheduled from April 2009 to October 2010 

and that approximately 1,500 gallons of hydrogen 

peroxide would be injected during each event. 

 

In addition to the injection of hydrogen peroxide, each 

event would begin with the injection of 250 gallons of 

deionized water mixed with potassium permanganate. 

Ozone would then be injected shortly thereafter. 

 

Health and Safety 

 

Due to the fact that employees during this injection 

event were working with pressurized equipment in the 

presence of hazardous chemicals, health and safety was 

of the utmost importance. Traffic control was setup 

before rush hour to ensure a sizable work area. Cones, 

flags and caution tape were used to enclose an area 

around injection wells during the day. Employees in or 

passing through the designated area were required to 

wear Level D personal protective equipment (PPE). 

Specific PPE included hard hats, long sleeve shirts, 

splash protective goggles and at least one piece of high 

visibility clothing. When handling any of the chemicals 

onsite, resistant gloves were also required. A daily safety 

meeting was conducted by the project manager every 

morning before injection commenced to ensure that 

employees followed all proper standard operating 

procedures and necessary job safety assessments. 

 

Because the outer edge of the plume was thought to exist 

under a small portion of the gas station’s building, air 

monitoring was conducted inside the structure to ensure 

that volatile vapors were not being forced into enclosed 

areas during the injection event. A PID meter that 

measured oxygen content, lower explosive limit and 

volatile vapor concentration revealed that hazardous 

conditions were not produced in or around the building 

as a result of the operations onsite.  

 

In-Situ Event 

 

Each day, six 275 gallon totes were delivered to Site X 

at 6 A.M. Five of the totes contained 17.5 percent 

hydrogen peroxide with the sixth containing deionized 

water. Ten 50-pound bags of potassium permanganate 

were also delivered to the site and mixed with the water 

prior to injection. Figure 1 displays a rough schematic of 

how an in-situ chemical oxidation event is performed. 
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Over the course of approximately 18 months, four 

separate ISCO events were conducted on Site X. Events 

were scheduled for April 9th, 2009, September 1st, 2009, 

May 11th, 2010, and October 7th, 2010. During each 

event, 250 gallons of potassium permanganate, 1500 

gallons of 17.5 percent hydrogen peroxide and an 

unspecified volume of deionized water were mixed 

above ground and injected into the media for 

approximately ten hours. Ozone was injected 

simultaneously at a rate of .025 pounds per hour (lbs/hr).  

 

Each event began with the injection of the potassium 

permanganate mixture into three separate wells at 

approximately 1 gallon/minute. Meters were placed on 

the head of each well so that internal pressure could be 

monitored at all times. Because the structural integrity of 

both the PVC and bentonite seal were in jeopardy of 

being compromised, pressure in the well was kept below 

20 pounds per square inch (psi). Because of a 

“breakthrough effect”, it was important that significant 

pressure was kept on the wells at the beginning 

staCompany B of injection so that any voids in the 

media could be opened up to create room for the 

chemical reaction between the hydrocarbons and the 

oxidants.  

 

After the injection of the permanganate mixture, the 

injection of the hydrogen peroxide was allowed to 

commence. In order to deliver the chemicals into the 

ground under pressure, the oxidant was pumped into a 

heavy-duty truck with a 200-gallon storage container. 

The truck contained a series of pumps along with 

additional equipment used to monitor the chemicals as 

they were delivered into the media. As with the injection 

of the catalyst, the hydrogen peroxide was pumped in at 

a rate of 1 gallon/minute to begin and because the 

pressure remained within workable limits, flow rate was 

increased. Because the reaction between hydrocarbon 

contaminants in the soil and hydrogen peroxide is 

exothermic, a significant amount of both heat and 

pressure were generated. While the flow rate of the 

permanganate mixture was increased to approximately 5 

gallons/minute, the same could not be done with 

hydrogen peroxide due to the significant amount of 

backpressure that was generated by the reaction. Though 

rupturing of the bentonite seal does occur during some 

chemical oxidation events, it did not occur during this 

particular one and the entire volume (1500 gallons) of 

H2O2 was injected during each event.  

 

Flow rates were increased to approximately 3 

gallons/minute on two of the injection wells and 1.5 

gallons/minute on the remaining well. The fairly high 

pumping rates of the hydrogen peroxide into the media 

can most likely be attributed to the geological makeup of 

Site X. The fine sand, mixed with traces of silt, made for 

a very low-resistant path for the chemicals to flow 

through. Oxidant injection was accompanied with a 

portable SVE (soil vapor extraction) system on a number 

of surrounding wells. The purpose of the SVE was to 

creative negative pressure in the media, which in turn 

reduced backpressure on the injection wells. The SVE 

system was attached to a stack that discharged the air 

into the atmosphere roughly 20 feet above the ground. 

This stack was also used to measure the VOC 

concentration of the air being extracted from the media. 

During the event, there were a number of measures taken 

to determine the radius of influence being produced. By 

using a YSI probe (an instrument that measures 

conductivity, oxidation reduction potential, temperature 

and dissolved oxygen), technicians were able to monitor 

groundwater characteristics in wells surrounding the 

injection site. Using the readings, it was determined that 

the radius of influence for this particular site was 

approximately 12 feet (on each well). An increase in 

temperature, ORP, and conductivity indicated that 

hydrocarbon contaminants in the ground were reacting 

with the hydrogen peroxide being injected. 

 

Results 

 

Groundwater sampling events were scheduled two days 

before each injection event. Two of the monitoring wells 

that were installed inside the plume (MW-19, MW-20) 

were most indicative of the effectiveness of the ISCO 

event. The average BTEX level in wells MW-19 and 

MW-20 before the first injection was 6100 (ug/L) and 

the average VOC level pre-injection was 9800 (ugl/L). 

An examination of Figure 2 shows that both levels 

substantially dropped after each injection event. Average 

BTEX levels declined to approximately 250 (ug/L), 

which is below the allowable DEC standards discussed 

earlier in this report. Though BTEX levels were in an 

acceptable range after the first three injection events, the 

fourth event remained scheduled and was conducted in 

October 2010 to ensure that the levels remained below 

allowable limits. Though there is a significant possibility 

that contaminant levels will slightly increase in the 

future, the substantial temporary drop in BTEX and 

VOC levels indicates that the event was effective to 

some degree 

 
Figure 2 – Site X Contaminant Levels in Wells MW-19 and MW-20  
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The next scheduled groundwater sampling event for site 

X is in December of 2010. The samples obtained during 

this event will reveal how effective the fourth and final 

ISCO event was.  

 

It is important to note that while there are a number of 

monitoring wells on site, MW-19 and MW-20 were 

installed within the center of the where the 

contamination source was expected to exist. Therefore, 

monitoring these particular wells provided engineers 

with the best determination of whether or not the plume 

was being minimized. It was also very important that 

COMPANY B monitored the wells closest to the 

property lines to ensure that contamination did not 

migrate outside the extents of the gas station. Had it 

been determined that the plume extended off of Site X’s 

property, owners of the adjacent property would have to 

be contacted and appropriate authorities would have 

been notified. Because the plume was particularly close 

to the Westerly most extents of Site X’s property line, 

wells just West of the plume were closely monitored 

during and after injection events. Though the monitoring 

revealed a slight increase in groundwater temperature, 

conductivity, oxidation reduction potential and dissolved 

oxygen, readings revealed that the contamination was 

not being forced across any property lines.  

 

It’s also important to realize that because groundwater 

level can fluctuate substantially with seasonal change 

and isolated meteorological events, the samples collected 

may not be indicative of the location or severity of the 

source of contamination with one hundred percent 

accuracy. COMPANY B requires that groundwater 

sampling events be conducted on a quarterly basis so 

that hydrogeological properties can be evaluated 

throughout the entire year.  

 

 Future Expectations and Conclusions 
 

Though a significant reduction in total BTEX was 

observed on Site X after three chemical oxidation events, 

further analysis of the site must be done in order to 

ensure that contaminant levels remain below acceptable 

levels. Other case studies of this particular treatment 

being used have shown that in some instances, the 

reduction of contaminant levels is not sustained over an 

extended period of time. Possible explanations for this 

have been attributed to human error in demand 

calculations, unfavorable geologic conditions and 

improper placement of injection wells. As stated 

previously, ISCO is most effective on sites where 

chemicals can flow through the ground with the least 

resistance. Though the groundwater sampling event in 

December will give COMPANY B a more accurate 

determination of how effective the entire in-situ 

treatment was, it will not truly be known until a much 

longer period of time has passed. Lastly, because 

geologic conditions differ from site to site, the 

effectiveness of ISCO will vary accordingly. This same 

treatment conducted on a site containing thick layers of 

clay may not have produced such favorable results. It is 

important that engineers and geologists examine each 

site in a specific and deliberate manner in order to 

accurately determine what type of measures need to be 

taken throughout the future.  
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