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1. INTRODUCTION 

Weston Solutions, Inc. has prepared this Treatment Technology Pilot Test Work Plan (Work Plan) 

on behalf of the Timex Group USA (Timex) for the former Timex facility previously located at 

2215 Crisp Drive in Little Rock, Arkansas. This Work Plan was prepared to satisfy the 

requirements of the First Amendment to Consent Administrative Order (CAO) LIS-04-206 

between Timex and the Arkansas Department of Environmental Quality (ADEQ).  

In August 2011, Timex completed a Remedial Alternative Analysis (RAA) that evaluated 

various remediation technologies to address soil and groundwater contamination associated with 

the Site. The RAA recommended excavation and off-site disposal of source area soils and 

treatment of shallow groundwater using in situ chemical oxidation (ISCO). These technologies 

would be combined with institutional controls and monitored natural attenuation (MNA) to 

mitigate potential future exposures and ultimately return the groundwater to productive use, 

respectively. The RAA was accepted by ADEQ and they subsequently issued a Remedial Action 

Decision Document (RADD) that described the approved remedy. The RADD was issued for 

public comment on 20 January 2014 and finalized on 27 February 2014. Simultaneously, Timex 

and ADEQ agreed upon on an Amendment to the CAO that specifies the selected remedy and 

lists required milestones. The CAO requires that a Work Plan be submitted to confirm that ISCO 

will be effective at meeting the approved cleanup goals for the Site and to obtain data needed to 

complete full-scale design of such a system.  

This Work Plan describes the tasks that will be performed to verify parameters needed to complete 

design of the ISCO remedy selected by ADEQ to address impacted groundwater related to the Site. 

Specifically, this Work Plan describes tasks developed to confirm the injection technology and 

spacing to be used and to verify the oxidant dosage that will be required to achieve the approved 

cleanup goal.   



 

SECTION 2 
 

SITE DESCRIPTION AND BACKGROUND



G:\PROJECTS\13568004\Planning Documents\Pilot Test Work Plan\Revised Timex Pilot Test Work Plan 9_23_14.doc 24 September 2014 

 2-1  

2. SITE DESCRIPTION AND BACKGROUND 

For the purposes of the remedial action, the “Site” is considered to be the former Timex facility 

located at 2215 Crisp Drive in Little Rock, Arkansas, as well as all contiguous property owned 

by the Little Rock National Airport Authority. Figure 1 shows the approximate location of the 

Site. The 9-acre former Timex parcel is zoned as light industrial (I-2) and is currently a fenced 

vacant lot partially covered by aged asphalt and grassy vegetation (see Figure 2). Land uses in 

the vicinity of the Site include vacant land, Civil Air Patrol and Army Reserve facilities, aircraft 

support services, and light industrial operations. A residential neighborhood of small single-

family homes is located about 700 feet (ft) north of the former Timex parcel. 

The subject property is owned by the Little Rock National Airport (Airport) and was formerly 

leased to Timex. Timex historically manufactured watches, clocks, and cameras at the Site 

between 1947 and August 2000, when operations ceased and all products were removed. The 

Airport demolished the vacant 225,000 square-foot historical split-level manufacturing building 

in January 2005. Prior to 1947, the Site had been used for the storage and assembly of aircraft 

engines and for cotton storage. 

Manufacturing processes formerly conducted by Timex at the Site included cutting, stamping, 

grinding, sanding, and plating metal and aluminum watch bezels and case backs, as well as 

injection molding of plastic watch cases. Various metals including copper, chromium, nickel, 

and gold were used in the metal plating processes. Oils and industrial solvents were used in the 

various metal working processes. 

Prior to discontinuation of manufacturing operations, the Airport conducted a Phase I 

Environmental Site Assessment. A Phase II investigation conducted jointly by Timex and the 

Airport discovered that past operations involving chlorinated solvents had affected groundwater 

quality beneath the property and recommended that further investigation be conducted to define 

the source and extent of the impact. As a result, Timex entered into a CAO for voluntary action 

with ADEQ on 28 December 2004. The CAO required that Timex submit a Site Investigation 

Report and a RAA. The Site Investigation Report was submitted on 23 August 2007 by  

FTN Associates Ltd., and was conditionally approved by ADEQ in a letter dated 2 December 2008. 
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Additional documents detailing subsequent investigations conducted in an effort to respond to the 

ADEQ conditions presented in the approval letter have since been submitted.  

Following completion of the site investigation, a RAA was performed to evaluate remedial 

options in accordance with the second requirement of the CAO. The RAA recommended a 

remedial approach that consisted of a combination of active remediation, institutional controls, 

and MNA. The active remediation would consist of excavation and off-site disposal of source 

area soils and ISCO treatment of contamination within the shallow aquifer. The RAA describes 

the remedy that formed the basis of the Final RADD issued on 27 February 2014.  

2.1 HYDROGEOLOGIC SETTING 

The Site is relatively flat and located about 255 ft above mean sea level. Surface/storm water 

drainage is primarily to the west through shallow, unlined storm drains, and ditches that 

discharge to a larger ditch along Bond Avenue that is part of the City of Little Rock drainage 

system. Flow within the larger ditch continues south for approximately 1 mile and enters 

Fourche Creek, which discharges to the Arkansas River approximately 0.9 mile north of the Site 

(FTN, 2007a). 

2.1.1 Geology 

Regional geology is characterized by 75 to 100 ft of Quaternary alluvium overlying older, more 

consolidated, Tertiary deposits of the Wilcox and Midway Groups. The Quaternary alluvium is a 

relatively thick sequence of fluvial deposits from the Arkansas and Mississippi Rivers and their 

tributaries that is composed primarily of sand, silt, and clay. These deposits make up the Surficial 

Alluvial Aquifer System. 

Based on information gathered during previous investigations (FTN, 2007b), site geology is 

characterized by a surficial silt and clay unit overlying two predominate sand layers separated by 

a confining clay unit. The units are summarized below in descending order from the ground 

surface. 

 Surficial Silt and Clay: A sequence of interbedded sandy silts and clays extending 
from approximately 2 to 13 ft below the ground surface. Thin discontinuous silty sand 
lenses are also present and may be associated with paleo channels. A silty clay or clay 
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layer 2 to 4 ft thick typically marks the base of this unit (also sometimes referred to as 
the “upper clay”). 

 Shallow Sand: This unit ranges in thickness from 3 to 14 ft and consists of reddish 
brown to brown silty sands and sandy silts. 

 Confining Clay: The shallow sand unit is underlain by a reddish-brown to brown 
clay that is approximately 14 to 22 ft thick. 

 Intermediate Sand: The intermediate sand layer, which has a thickness ranging from 
3.5 to 6 ft, is located within the confining clay unit described above and consists of 
silt, silty sand, and poorly sorted sands. This layer is discontinuous across the Site and 
may represent a paleo channel deposit. 

 Deep Sand: The deep sand unit is poorly graded fine to medium-grained, loose sand 
with a silty sand interval directly below the overlying clay stratum. This unit is about 
35 ft thick and extends to a depth of roughly 60 or 65 ft below grade, where it rests 
unconformably on the more consolidated Tertiary age deposits. 

2.1.2 Hydrogeology 

Two distinct hydrostratigraphic zones have been identified at the Site; the shallow sand aquifer 

and the deep sand aquifer. 

The shallow sand aquifer corresponds to the shallow sand unit described above. Hydrogeologic 

conditions within the shallow sand aquifer in and around the Site vary from being completely 

saturated and partially confined (south) to unsaturated (north). Groundwater flow within this unit 

is predominantly north and northeast toward the Arkansas River, although there is a minor 

westward component towards Bond Avenue that is likely related to a paleo stream channel. 

Groundwater level measurements indicate that groundwater is present at depths ranging from 

between 5 to 17 ft below grade. An average site-wide hydraulic gradient of 0.0064 was 

calculated for the shallow sand aquifer. Hydraulic conductivity estimates for the shallow sand, 

based on slug tests performed on monitoring wells, average 2 to 4 feet per day (ft/day). The 

calculated seepage velocity for the shallow sand aquifer was about 25 feet per year (ft/year). 

Based on the limited saturated thickness and hydraulic conductivity of this zone, it is not 

considered a viable source of groundwater for economic uses. A well search conducted by FTN 

did not document any current use of the shallow groundwater. 
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The deep sand aquifer corresponds to the deep sand layer and is confined in all areas of the Site. 

Groundwater flow in the deep sand aquifer is to the northeast towards the Arkansas River, which 

is the regional groundwater discharge point. Potentiometric surface levels within the deep sand 

aquifer rise to within about 14 to 18 ft of the ground surface. An average site-wide hydraulic 

gradient of 0.00067 was calculated for the deep sand aquifer. Hydraulic conductivity estimates 

for the deep sand, based on slug tests performed on monitoring wells, average 115 to 175 ft/day. 

The calculated seepage velocity for the deep sand aquifer was about 150 ft/year. The greater 

saturated thickness (35 ft) and hydraulic conductivity of this zone suggests that it could be used 

as a water source, although municipal water is available at the Site and all surrounding areas.  

A well search performed by FTN confirmed two nearby industrial supply wells (Little Rock 

Crate and Basket and the former Northwest Hardwoods) screened in the deep sand, but four 

other wells listed in online databases could not be located and are presumed to no longer be in 

operation. 

Groundwater elevation monitoring has suggested that there is some hydraulic communication 

between the two groundwater zones. Vertical hydraulic gradients between the shallow and deep 

sand aquifer are strongly downward, with groundwater potentiometric surface elevation 

differences between the two units ranging from about 6 to 9 ft in the vicinity of the Site. The 

vertical gradient remains downward northeast (downgradient) of the Site; but the differences in 

potentiometric elevations between the two aquifers decreases as you move away from the Site 

(FTN, 2007b). 

2.2 NATURE AND EXTENT OF CONTAMINATION 

Investigation of environmental conditions has been ongoing at the Site for the last 10 years. 

Hundreds of samples of various environmental media (including soil, groundwater, surface 

water, sediment, and indoor air) have been collected and analyzed for potential site 

contaminants. The investigations have shown that some industrial solvents and their breakdown 

products are present in the environment as a result of manufacturing operations at the facility. 

Some of these compounds have migrated downgradient and extend off the former Timex 

property to the west, north, and east. Two suspected source areas were identified: a former 

plating room/effluent treatment plant area within the footprint of the former manufacturing 
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building, and a storm drain located near the northwest corner of the former building. The two 

source areas have slightly different chemical constituents. Contaminants associated with the 

storm sewer are predominately trichloroethene (TCE) and its associated breakdown products, 

whereas contamination related to the former plating room/effluent treatment plant area is 

predominately 1,1,1-trichloroethane (1,1,1-TCA) and its breakdown products.  

The RADD identifies the chemicals of potential concern (COPCs) for soil at the Site as: 

 1,1,1-TCA 
 1,1-dichloroethane (1,1-DCA) 
 TCE 
 1,1-dichloroethene (1,1-DCE) 
 cis-1,2-dichloroethene (cis-1,2-DCE) 

The following compounds were listed in the RADD as COPCs for site groundwater:  

 1,1,1-TCA 
 1,1,2-trichloroethane 
 1,1-DCA 
 1,2-dichloroethane 
 Tetrachloroethene (PCE) 
 TCE 
 1,1-DCE 
 cis-1,2-DCE 
 1,4-dioxane 
 Freon 113 
 Vinyl chloride 
 Manganese  

Manganese was not specifically named as a chemical of concern in the Site Investigation Report 

(FTN, 2007b) because it was not released into the environment as a result of former 

manufacturing operations, but rather is a naturally-occurring compound that is mobilized by 

biodegradation of the chlorinated solvents that were a result of historical releases at the Site. 

However, ADEQ has required that manganese be included as a COPC for groundwater and that 

concentrations in groundwater be evaluated during the MNA portion of the remedy. 
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2.2.1 Soil Contamination 

The COPCs for soil were identified largely due to the risk to degrade groundwater quality. The 

majority of samples containing elevated concentrations of COPCs were collected from within the 

capillary zone or saturated zone, indicating the observed contamination is associated with 

groundwater and not a soil release. Vadose zone impacts were identified beneath the west end of 

the storm drain that runs along the north side of the former building and at MW-10, which is 

located within the footprint of the building beneath the former plating room/effluent treatment 

plant. 

2.2.2 Groundwater Contamination 

The most pervasive COPC for groundwater is the industrial solvent TCE and its breakdown 

products, including 1,1-DCE. Concentrations as high as 32,000 micrograms per liter of TCE 

have been observed in groundwater beneath the Site. 

Although no definitive source for the TCE contamination in groundwater was found, it is 

believed that the western end of the storm drain on the north side of the former building (near 

MW-18S/D) may have been the release point for the TCE contamination. The suspected source 

area was identified based on small areas of vadose soil contamination that were found, and on 

the pattern of groundwater contamination. Figures 3 and 4 show the estimated extent of volatile 

organic compound (VOC) contamination in the shallow and deep aquifers, respectively, and 

were developed based on a compilation of historical groundwater sampling results.  

A small area of 1,1,1-TCA contamination exists in shallow groundwater in the vicinity of 

monitoring well MW-10S and is believed to be related to the former plating room/effluent 

treatment plant located in the south central portion of the former manufacturing building. 

2.3 SELECTED REMEDIAL ALTERNATIVE 

As mentioned above, Timex completed a comprehensive RAA that screened 24 different 

remedial technologies, of which 10 were determined to be potentially applicable to the Site. The 

ten applicable technologies were used to develop four remedial action alternatives, which were 
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then evaluated against nine performance criteria. Based on this evaluation, ADEQ selected the 

approved remedy for the Site that is described in the Final RADD. 

The approved remedy includes the application of institutional controls that will limit site use to 

industrial activities and prevent the use of shallow and deep groundwater on-site and off-site 

within the area affected by the groundwater contamination.  

Active soil remediation consisting of excavation and off-site disposal of unsaturated soils 

exceeding a Remedial Action Level (RAL) of 0.78 milligrams per kilogram of TCE will be 

performed to mitigate potential vapor intrusion risk to future industrial workers. It is estimated 

that approximately 2,800 cubic yards (cy) of soil will be removed and disposed off-site. The 

excavation will be backfilled with imported clean fill. 

For the shallow groundwater aquifer on-site, ISCO will be implemented using an oxidant to treat 

TCE contamination in the shallow aquifer exceeding the RAL of 1.96 milligrams per liter 

(mg/L). The oxidant will react with and destroy the TCE, producing only inert byproducts. 

Groundwater monitoring will be performed during ISCO treatment to confirm the injections are 

effective and to determine when the RAL has been achieved. Following attainment of the RAL 

via active treatment, Timex may transition to MNA subject to ADEQ approval. 

For the deep groundwater and shallow off-site groundwater, MNA will be implemented. The 

plume exhibits signs of natural degradation with the presence of daughter products such as DCE. 

For all groundwater remedies, attainment of the maximum contaminant levels is the ultimate 

cleanup goal. A Groundwater Monitoring Plan with details for well selection, parameters, and 

sampling frequency will be submitted to ADEQ under separate cover for review and approval.   

2.4 ISCO PILOT TEST WORK PLAN 

The Final RADD requires that a Work Plan be submitted to ADEQ for review and approval prior 

to initiating treatment. The Work Plan describes the tasks to be implemented to collect additional 

data needed to develop the full-scale design of the ISCO remedy for shallow on-site 

groundwater. 
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As mentioned above, the objective of the ISCO treatment is to attain the RAL of 1.96 mg/L TCE 

for the shallow groundwater system. Figure 3 shows the area where shallow groundwater 

currently exceeds that RAL. This will be achieved by injecting sodium permanganate into the 

shallow groundwater where TCE exceeds the RAL. 

In addition, Timex intends to conduct a limited ISCO injection in the vicinity of monitoring well 

MW-10S where elevated concentrations of 1,1,1-TCA have been observed. This well is located 

near the former plating room/effluent treatment plant area. The intention of this limited injection 

is to reduce the amount of 1,1,1-TCA mass in the source area to facilitate natural attenuation for 

this compound. Sodium persulfate will be used to treat the 1,1,1-TCA as described in more detail 

in subsequent sections of this Work Plan. 

The objective of the pilot test that is the subject of this Work Plan is to confirm two key ISCO 

design parameters for the two oxidants: 

1) The optimum oxidant dosage needed to attain the treatment objectives. 

2) The most efficient delivery mechanism for the oxidants. 

These two parameters will be evaluated through the performance of a laboratory treatability test 

and a field injection test, respectively. These tests are described in subsequent sections of this 

Work Plan. 



 

SECTION 3 
 

IN SITU CHEMICAL OXIDATION TECHNOLOGY
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3. IN SITU CHEMICAL OXIDATION TECHNOLOGY 

As mentioned above, there are two primary objectives for the ISCO treatment program at this 

Site. First and foremost; sodium permanganate will be used to reduce TCE concentrations in 

shallow groundwater to below the RAL of 1.96 mg/L in accordance with the RADD. Second, 

Timex believes that it is prudent to perform some limited treatment of the 1,1,1-TCA in the 

shallow groundwater adjacent to MW-10S in order to reduce the contaminant mass and thereby 

facilitate natural attenuation for that compound.       

3.1 TECHNOLOGY DESCRIPTION 

In situ chemical oxidation involves injecting oxidants and other amendments as required directly 

into the source area at a contaminated site in order to reduce contaminant mass and allow natural 

attenuation to work more effectively. Common chemical oxidants that are typically used for 

ISCO include: ozone, hydrogen peroxide (or Fenton’s Reagent), sodium persulfate, and sodium 

or potassium permanganate. The oxidant chemicals react with and break down the contaminants, 

producing innocuous substances such as carbon dioxide, water, and inorganic chloride. The 

oxidants vary in strength and as a result can break down different contaminants. In general, the 

stronger an oxidant, the less persistent (stable) it is in the subsurface after injection. Thus, the 

weakest oxidant that will break down the COPCs for a particular site is preferred because it will 

last the longest and therefore provide the most treatment before it degrades.  

There are several options for oxidant delivery, including injection into existing monitoring wells, 

pressurized injection into well points, direct injection using drilling rods, recirculation of oxidant 

with extraction/reinjection wells, and variations on these themes. Each method has its own 

advantages/disadvantages and performs best at different sites.  

3.2 CHEMICAL OXIDANT SELECTION 

Two oxidants are proposed for use at this Site:  

 Sodium permanganate 
 Sodium persulfate 
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Sodium permanganate has the greatest persistence of all of the common oxidants, often 

persisting in the subsurface for 1 to 2 years after injection. This is a great advantage because it 

allows the oxidant more time to react with the contaminants, which provides more complete 

treatment of contaminants with less chance for rebound. Sodium permanganate is preferred over 

potassium permanganate because it is more than 10 times more soluble in water, which enables a 

stronger solution to be used. Sodium permanganate is very effective at treating chlorinated 

ethenes such as PCE, TCE, and their breakdown products. However, sodium permanganate is not 

strong enough to break down the chlorinated ethane compounds such as 1,1,1-TCA and  

1,1-DCA. Sodium permanganate will be used to treat groundwater containing TCE and its 

associated breakdown products that are located in the vicinity of the former storm drain and 

related downgradient areas.  

Sodium persulfate will be used to reduce the amount of residual 1,1,1-TCA mass in the  

vicinity of the former plating room/effluent treatment plant area (near MW-10S). Reducing the 

1,1,1-TCA mass in this area will facilitate natural attenuation for this compound. Persulfate is a 

stronger oxidant than permanganate and is capable of destroying the chlorinated ethanes. It is 

somewhat less persistent however, typically lasting less than 6 months in the subsurface. Given 

the objective of mass reduction, the lower concentrations of 1,1,1-TCA in groundwater and the 

substantially smaller area impacted, the shorter persistence of persulfate is not a significant 

concern at this Site.        

Although both sodium persulfate and sodium permanganate have been used extensively to treat 

chlorinated solvents in groundwater across the country, there are several site-specific factors that 

must be evaluated in order to design full-scale implementation of the technology. Specifically, 

the optimum dosage for each oxidant must be confirmed and the most efficient injection 

technology must be determined.   

Sodium permanganate is a standard industrial chemical that can be obtained from a number of 

reputable suppliers. For this project, it is anticipated that the sodium permanganate will be 

purchased from Carus Chemical Corporation, or another local supplier. The Material Safety Data 

Sheet for sodium permanganate is included in Appendix A.  
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Persulfate comes in several forms that are sold under various trade names. For this project, we 

propose to use PersulfOx, which is a self-activating form of persulfate marketed by Regenesis of 

San Clemente, California. Information regarding PersulfOx is also included in Appendix A. 

3.3 PILOT TEST OBJECTIVES 

Two types of pilot testing will be conducted. Laboratory treatability testing will be performed on 

the two oxidants (sodium persulfate and sodium permanganate) to determine the appropriate site-

specific dosage of each that is needed to attain the cleanup objectives. In addition, field pilot tests 

will be conducted on several injection technologies to determine which method is more efficient 

for delivering the oxidant. Details of the two types of pilot testing are discussed in the next two 

sections.   



 

SECTION 4 
 

LABORATORY TREATABILITY TESTING
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4. LABORATORY TREATABILITY TESTING 

Laboratory treatability testing will be performed on the two oxidants (sodium persulfate and 

sodium permanganate) to determine the appropriate site-specific dosage of each that is needed to 

attain the cleanup objective. This will be accomplished by collecting samples of soil and 

groundwater from the two source areas, combining the soil and water in several reactor jars to 

simulate source area conditions, and treating the reactor jars with varying amounts of the two 

oxidants to assess what dosage of each is needed to overcome the natural oxidant demand of the 

soil and treat the contaminants. Samples from the storm drain source area would be used for the 

sodium permanganate tests and samples from the former plating room/effluent treatment plant 

area would be used to assess the sodium persulfate dosage.   

4.1 SAMPLE COLLECTION METHODS 

4.1.1 Soil Samples 

Soil samples must be collected from each of the two source areas to facilitate the laboratory 

oxidation tests. Several soil borings will be advanced within each source area using a truck-

mounted direct-push drilling rig operated by an Arkansas-licensed water well contractor. Borings 

for the storm drain (TCE) source area will be drilled in the vicinity of existing monitoring well 

MW-18S. Borings for the former plating room/effluent treatment plant (1,1,1-TCA) source area 

will be drilled in the vicinity of MW-10S. See Figure 2 for the location of referenced monitoring 

wells. Soil samples will be collected from the shallow sand aquifer at a depth of about 10 to 20 ft 

below grade using a macro-core sampler or equivalent. The actual number of soil borings will be 

dependent upon field sample recovery. An initial boring will be advanced and additional borings 

will be added until the volume of soil needed for the treatability testing (4 liters) has been 

obtained from each source area.    

The soil samples will be screened using a photo-ionization detector (PID) calibrated to a 

benzene-equivalent standard. Based on the results of the PID field screening, two composite 

samples (one from each source area) will be prepared for oxidation testing. Several individual 

macro-core samples will be combined to create each of the composite samples to get sufficient 

sample volume. Samples containing the highest PID screening results will be selected for 
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compositing. Thorough mixing of the composite samples will be performed in the laboratory. No 

preservative will be added to any of the soil samples collected for oxidation testing because it 

could interfere with the oxidant testing. The samples will be placed in an ice-filled cooler and 

chilled to 4 degrees Celsius to minimize volatilization.   

4.1.2 Groundwater Samples 

Groundwater samples will be collected from existing monitoring wells MW-18S (representative 

of the TCE source area) and MW-10S (representative of the 1,1,1-TCA source area). The two 

wells will be sampled in accordance with the approved Field Sampling Plan (FTN, 2004). 

Samples will be collected for VOC analysis via SW-846 Method 8260B and for the oxidation 

treatability testing. The oxidation samples will be collected in unpreserved 1-liter amber glass 

jars. A total of 4 liters of groundwater will be collected from each well for oxidation testing. In 

addition to the laboratory testing, field measurements will be made for oxidation/reduction 

potential (ORP), pH, dissolved oxygen (DO), and conductivity during sample collection.     

4.2 LABORATORY OXIDATION TESTING – PERMANGANATE 

4.2.1 Materials and Solution Preparation 

The oxidation treatability test reactors will consist of 500-milliliter (mL) glass jars with air-tight 

lids. Prior to the arrival of the soil samples at the testing laboratory, a solution of 40 percent (%) 

sodium permanganate will be made using laboratory grade sodium permanganate. Exactly  

400 grams of laboratory grade sodium permanganate will be added to a 1-liter volumetric flask, 

and the flask will be filled to the 1-liter line with deionized (DI) water. The solution will be 

capped and shaken, and not used until all solids have dissolved. 

4.2.2 Testing Procedure 

Laboratory oxidation testing will be performed on the two 4-liter composite soil samples 

collected from the soil boring program. The composite sample from the TCE source area will be 

delivered to the testing laboratory in four 1-liter bottles. The four bottles of soil will be opened, 

and the contents will be combined and thoroughly mixed. Before beginning the oxidation testing 
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procedure, one sample will be collected from the TCE source area composite sample for analysis 

of the parameters listed in the following table: 

Analysis 
Sample 
Volume Sample Containers Preservative Method Number 

Sample 
Quantities 

VOC 80 mL 2 – 40-mL glass vials Methanol SW-846 Method 8260B 1 

TOC 120 mL 1 – 4-oz bottle Cool to 4+/- 2º C SW846 9060 1 

Notes: 
TOC = total organic carbon 
oz = ounce 
º C = degree Celsius 

The remaining volume of the composite sample will be used for the oxidation testing. For the 

composite sample, 500 grams of the composited soil (approximately 300-mL volume) will be 

placed in each of seven 500-mL glass jars with air-tight lids. Then 90 mL of groundwater will be 

added (based on 30% porosity of the 300 mL of soil volume) to simulate saturated aquifer 

conditions. These jars will be labeled as oxidation test reactors “A” through “G”. The following 

volumes of permanganate solution and DI water will be added to the seven 500-mL glass test 

jars:  

 
NaMnO4 

Dosage 

Equivalent Field 
Application Rate (Assumes 
Soil Density of 1.4 Tons per 

Cubic Yard) 

40% NaMnO4 
Solution Added to  
500 grams of Soil 

Approximate Volume of 
DI Water Added to  

500-mL Jar 

A Untreated Control 0 mL 110 mL 

B 1 gram 
NaMnO4 per 
500 grams of 
soil 

5.7-lb NaMnO4 per cy soil 2.5 mL 107.5 mL 

C 1.5 grams 
NaMnO4 per 
500 grams of 
soil 

8.5-lb NaMnO4 per cy soil 3.75 mL 106.25 mL 

D 2 grams 
NaMnO4 per 
500 grams of 
soil 

11.4 lb NaMnO4 per cy soil 5.0 mL 105.0 mL 

E 2.5 grams 
NaMnO4 per 
500 grams of 
soil 

14.2 lb NaMnO4 per cy soil 6.25 mL 103.75 mL 
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NaMnO4 

Dosage 

Equivalent Field 
Application Rate (Assumes 
Soil Density of 1.4 Tons per 

Cubic Yard) 

40% NaMnO4 
Solution Added to  
500 grams of Soil 

Approximate Volume of 
DI Water Added to  

500-mL Jar 

F 3 grams 
NaMnO4 per 
500 grams of 
soil 

17 lb NaMnO4 per cy soil 7.5 mL 102.5 mL 

G A duplicate of 
one of the 
above 

A duplicate of one of the 
above 

A duplicate of one of 
the above 

A duplicate of one of the 
above 

Notes: 
lb = pound 
NaMnO4 = sodium permanganate 

The combined volume of the soil, permanganate solution, and DI water will be approximately 

500 mL. If this does not fill the jars, then additional DI water will be added to eliminate the head 

space, and the additional volume will be recorded. If the specified volume of DI water is greater 

than the capacity of the testing jar, then only sufficient water will be added to eliminate the head 

space, and the actual volume of DI water added to the jar will be recorded. 

Once the soil, permanganate solution, and DI water has been added to each testing jar, the lid 

will be sealed and the jar will be shaken to thoroughly mix all components. The testing jars will 

then be left for 1 week to allow the oxidation reaction to proceed. The jars will be shaken 

approximately once per day during the week. Digital photographs will be taken of the jars once 

each day during the test to document changes in color as the reaction proceeds.   

4.3 LABORATORY OXIDATION TESTING – PERSULFATE 

The treatability testing procedures used for the persulfate will be similar to those used for 

permanganate, except that the test dosages and mixing requirements will be slightly different. 

4.3.1 Materials and Solution Preparation 

The oxidation treatability test reactors will consist of 500-mL glass jars with air-tight lids. Prior 

to the arrival of the soil samples at the testing laboratory, a solution of 15% PersulfOx will be 

made using PersulfOx powder provided by Regenesis. Exactly 178 grams of PersulfOx will be 
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added to a 1-liter volumetric flask, and the flask will be filled to the 1-liter line with DI water. 

The solution will be capped and shaken, and not used until all solids have dissolved. 

4.3.2 Testing Procedure 

Laboratory oxidation testing will be performed on the 4-liter composite soil sample collected 

from the 1,1,1-TCA source area during the soil boring program. The composite sample will be 

delivered to the testing laboratory in four 1-liter bottles. The four bottles of soil will be opened, 

and the contents will be combined and thoroughly mixed. Before beginning the oxidation testing 

procedure, one sample will be collected for analysis of the parameters listed in the following 

table: 

Analysis 
Sample 
Volume Sample Containers Preservative Method Number 

Sample 
Quantities 

VOC 80 mL 2 – 40-mL glass vials Methanol SW-846 Method 8260B 1 

TOC 120 mL 1 – 4-oz bottle Cool to 4+/- 2º C SW846 9060 1 

Notes: 
oz = ounce 
TOC = total organic carbon 

 

The remaining volume of the composite sample will be used for the oxidation testing. For the 

composite sample, 500 grams of the composited soil (approximately 300-mL volume) will be 

placed in each of seven 500-mL glass jars with air-tight lids. Then 90 mL of groundwater will be 

added (based on 30% porosity of the 300 mL of soil volume) to simulate saturated aquifer 

conditions. These jars will be labeled as oxidation test reactors “H” through “N”.  
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The following volumes of PersulfOx solution and DI water will be added to the seven 500-mL 

glass test jars: 

 
PersulfOx 

Dosage 

Equivalent Field 
Application Rate (Assumes 
Soil Density of 1.4 Tons per 

Cubic Yard) 

15% PersulfOx 
Solution Added to  
500 grams of Soil 

Approximate Volume of 
DI Water Added to  

500-mL Jar 

H Untreated Control 0 mL 110 mL 

I 0.5 grams 
PersulfOx per 
500 grams of 
soil 

3-lb PersulfOx per cy soil 2.8 mL 107.2 mL 

J 1.0 grams 
PersulfOx per 
500 grams of 
soil 

6-lb PersulfOx per cy soil 5.6 mL 104.4 mL 

K 1.5 grams 
PersulfOx per 
500 grams of 
soil 

9-lb PersulfOx per cy soil 8.4 mL 101.6 mL 

L 2 grams 
PersulfOx per 
500 grams of 
soil 

12-lb NaMnO4 per cy soil 11.2 mL 98.8 mL 

M 2.5 grams 
PersulfOx per 
500 grams of 
soil 

15-lb NaMnO4 per cy soil 14.0 mL 96.0 mL 

N A duplicate of 
one of the 
above 

A duplicate of one of the 
above 

A duplicate of one of 
the above 

A duplicate of one of the 
above 

Notes: 
lb = pound 
NaMnO4 = sodium permanganate 

The combined volume of the soil, PersulfOx solution, and DI water will be approximately  

500 mL. If this does not fill the jars, then additional DI water will be added to eliminate the head 

space, and the additional volume will be recorded. If the specified volume of DI water is greater 

than the capacity of the testing jar, then only sufficient water will be added to eliminate the head 

space, and the actual volume of DI water added to the jar will be recorded. 

Once the soil, PersulfOx solution, and DI water has been added to each testing jar, the lid will be 

sealed and the jar will be shaken to thoroughly mix all components. The testing jars will then be 



G:\PROJECTS\13568004\Planning Documents\Pilot Test Work Plan\Revised Timex Pilot Test Work Plan 9_23_14.doc 24 September 2014 

 4-7 

left for 1 week to allow the oxidation reaction to proceed. The jars will be shaken approximately 

once per day during the week.     

4.4 SAMPLE COLLECTION 

After 1 week, all reactors will be opened and a water and soil sample will be collected from each 

of the testing jars. The following tables list the water and soil samples, the analytical methods, 

and the sample quantities. 

Water Samples 

Analysis Sample Volume 
Sample 

Containers Preservative 
Method 
Number 

Sample 
Quantities 

VOC 

 

80 mL 2 – 40-mL glass 
vials 

HCL to pH < 2; 
Cool to 4+/- 2º C 

SW-846 
Method 8260B 

14 

ORP, pH, 
DO, 
Conductivity 

Remaining volume 
of water 

Direct reading in 
reactor jar after 
other samples 
have been 
collected 

None Instrument 
Reading 

14 

Notes: 
HCL = hydrochloric acid 

Soil Samples 

Analysis Sample Volume 
Sample 

Containers Preservative 
Method 
Number 

Sample 
Quantities 

VOC 80 mL 2 – 40-mL VOA 
vials 

Cool to 4+/- 2º C SW-846 
Method 8260B 

14 

TOC 120 mL 1 – 4-oz bottle Cool to 4+/- 2º C SW846 9060 14 

Notes: 
TOC = total organic carbon 

4.5 DATA ANALYSIS 

The analytical results of the treatability testing will be used to select the permanganate dosage 

needed to achieve the RAL of 1.96 mg/L of TCE. The lowest dosage that achieves that cleanup 

criterion will represent the amount of permanganate needed to fully treat the groundwater. 

However, because the soil and groundwater samples used in the treatability test were collected 
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from the source areas, they represent worst-case site conditions. As a result, it is likely that a 

lower dose than that indicated by the treatability testing will be sufficient to meet the RAL in 

areas downgradient from the source areas. For this reason, full-scale implementation of ISCO 

will be performed in multiple injections. Typically, 50% of the calculated permanganate dosage 

is applied in the initial injection. Groundwater is then monitored for permanganate persistence 

and once it has fully reacted, VOC samples are collected for comparison to the cleanup goals. If 

concentrations exceed the cleanup goals, additional permanganate injections are performed until 

the cleanup goals are attained. These additional injections are typically 25% of the calculated 

dosage, so that after three injections, the full dosage will have been applied. Experience has 

shown that each subsequent injection is generally much smaller in area than the previous 

injection, until only the source area remains.   

The persulfate dosage will be selected based on the analytical results from the five treatability 

test reactors. The dosage that provides approximately 80% or greater mass reduction will be 

considered for full-scale application. Because only the 1,1,1-TCA source area will be treated, it 

is anticipated that the full dose will be applied in a single injection, and that additional injections 

would not be required. However, post-injection monitoring results will be evaluated to determine 

whether a second injection might be of further benefit.  

The full results of the laboratory treatability testing will be included in the Remedial Action 

Work Plan for the full-scale ISCO implementation as justification for the proposed dosages. The 

write up will include a description of the testing procedures employed as well as any deviations 

from this plan. Data summary tables will be prepared as appropriate to present the collected data.  

 



 

SECTION 5 
 

FIELD INJECTION PILOT TEST
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5. FIELD INJECTION PILOT TEST 

The purpose of the field injection pilot testing is to evaluate the suitability of various methods of 

oxidant injection into the subsurface at the Site and to estimate the horizontal spacing of the 

injection wells for the full-scale design.  

It is anticipated that full-scale application of the oxidant solution would be done using direct-

push methods to complete the work expeditiously. Direct-push methods have been used 

successfully in the shallow aquifer at the Site during previous investigations. However, at some 

sites, it can be difficult to get a tight seal around the direct push drilling rods and injected oxidant 

can flow back along the drilling rods and return to the surface (this is sometimes referred to as 

“daylighting”). In those cases, injection wells must be installed by more traditional rotary drilling 

methods, with construction similar to typical monitoring wells. The injection tests are designed 

to assess the effectiveness of the direct-push method for applying oxidant solution to the full 

saturated thickness of the shallow aquifer.  

Three injection methods will be evaluated during this pilot test: 1) direct injection into the 

aquifer using the direct-push drilling rods, 2) injection into small-diameter injection wells 

installed via direct-push drilling methods, and 3) injection into injection wells installed using 

rotary drilling methods.  

The testing will be conducted in the northeast corner of the former Timex site, near existing 

monitoring wells MW-23 and MW-24. This location was selected because the stratigraphy is 

similar to that observed in the two source areas, it is an area where contaminant concentrations 

are low, and there is good existing monitoring well coverage. The latter reason being the most 

critical as the existing monitoring well network will be used to measure water level changes 

resulting from the potable water injection. The small-diameter well points will be installed at 

each of the locations before beginning any injection tests. This will allow the use of the well 

points as additional water level monitoring points for all tests. Monitoring wells MW-23 and 

MW-24 are shown on Figure 3. 

Although the injection pilot test will involve injecting only a very small amount (less than  

500 gallons) of potable water over a 2- to 3-day period, the wells are still considered Class V 
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injection wells and authorization is required under the Underground Injection Control (UIC) 

Permit by Rule. An application for authorization under the UIC program will be submitted to 

ADEQ prior to performing the pilot injections of potable water.     

5.1 INJECTION TESTING OF SMALL-DIAMETER WELL POINTS  

A total of three small-diameter (1-inch) polyvinyl chloride (PVC) wells will be installed using 

direct-push methods. Two of the well points will be installed approximately 5 and 15 ft west of 

existing monitoring well MW-24, and one will be installed approximately 5 ft east of monitoring 

well MW-23. Figure 5 shows the locations of the proposed small-diameter injection points (IP-1 

through IP-3). 

The 1.5-inch-diameter direct-push casing will be pushed to the bottom of the shallow sand 

aquifer based on boring logs from MW-23 and MW-24 (approximately 17 ft below grade). A 

disposable tip will be used to keep the casing free of soil as the probe is advanced. Each well 

point will consist of 10 ft of 1-inch-diameter, 20-slot PVC screen and an appropriate length of  

1-inch-diameter riser pipe. The well points will be installed by inserting the 1-inch-diameter 

PVC well casing into the direct-push casing and retracting the casing. No sand pack will be 

installed. The natural aquifer material collapsing against the PVC well casing will form a natural 

sand pack. A 1 to 3-ft-thick layer of bentonite pellets will be placed in the borehole annulus at 

the surface after the direct-push casing is removed, if possible. This will help to reduce the 

potential for daylighting of the injection water.  

Once installed, potable water will be pumped into each of the well points and the rate at which 

the water is pumped into the well points will be monitored and recorded. A totalizing flow meter 

will be used to monitor the injection rate. Potable water will be obtained from a fire hydrant 

located adjacent to the former Timex property with approval from Central Arkansas Water. 

Water from that hydrant was recently tested by Central Arkansas Water and no site-related 

compounds were detected. Written approval from Central Arkansas Water to use the hydrant and 

the recent analytical results are provided in Appendix B. Water from the hydrant will be 

transported to the work area using a storage tank provided by the drilling contractor. An electric 

pump powered by a generator will be used to pump the water from the storage tank into the well 

points. The discharge line will be equipped with a gate valve and the above-mentioned flow 
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meter to regulate and monitor the flow rate. Only potable water will be used for the injection 

testing. The injection rate will be increased until the water level in the well point can be 

maintained near the top of the well casing. During injection, water levels will be monitored in the 

other well points at that location and nearby monitoring wells (with 50 ft of the injection point) 

at approximately 2-minute intervals. The injection will continue for at least 15 minutes. The 

duration of injection may be varied in the field based on observed responses in nearby 

monitoring points.   

Once the ambient pressure tests have been completed, the discharge line will be attached to the 

top of the well points via threaded PVC connections. An in-line pressure gauge will also be 

installed to monitor system backpressure. The pump will then be used to force water into the 

well point under low pressure (approximately 10 to 20 pounds per square inch). The flow rate, 

pressure, and water levels in adjacent monitoring wells and well points will be monitored and 

recorded in a manner similar to that described for the ambient pressure tests. Pressure injection 

will be continued for at least 15 minutes. The duration of injection may be varied in the field 

based on observed responses in nearby monitoring points. 

5.2 INJECTION TESTING USING DIRECT PUSH BORINGS 

Injection tests will be performed using only the direct-push drilling rods to determine if this is a 

viable injection alternative for the Site. Four test injections will be performed within 5 to 10 ft of 

the newly-installed small-diameter injection points described above, and monitoring wells MW-

23 and MW-24. Those wells will be used as monitoring points to assess the area of influence for 

the injections. Figure 5 shows the locations of the proposed direct-push injection points (DP-1 

through DP-4).  

For this test, 1.5-inch-diameter direct-push drilling rods will be advanced to refusal using a 

disposal tip in the same manner as that described for the well point injection tests. Once the 

bottom of the shallow aquifer has been reached (approximately 17 ft below grade), a threaded 

fitting will be attached to the top of the casing such that the water injection system (pump, flow 

meter, pressure gauge, gate valve, etc.) can be connected. Potable water will then be injected into 

the casing under pressure as the casing is withdrawn from the ground. The withdrawal rate of the 

casing will be varied such that an optimum rate can be determined. Monitoring of injection flow 
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rates and pressures as well as water levels in adjacent monitoring wells and well points will be 

conducted as described for the well point injection tests. It is anticipated that several tests of this 

design will be performed to fully assess the applicability of this technique and to determine the 

optimum flow rate and injection pressure.  

5.3 INJECTION TESTING OF EXISTING MONITORING WELLS 

Lastly, injection tests will be performed on two existing groundwater monitoring wells at the 

Site. Wells MW-23 and MW-24 will be used for these tests (see Figure 5). The tests will be 

conducted by pumping potable water into the monitoring wells using the storage tank and pump 

system described above. The rate at which the water is pumped into the monitoring well will be 

measured and recorded. The injection rate will be increased until the water level in the well can 

be maintained near the top of the well casing. During injection, water levels will be monitored in 

the multi-level well points installed at that location and nearby monitoring/injection wells (with 

50 ft of the injection point) at approximately 2-minute intervals. The injection will continue for 

at least 15 minutes. The duration of injection may be varied in the field based on observed 

responses in nearby monitoring points.   

Once the ambient pressure testing has been completed, the discharge line will be attached to the 

top of the monitoring wells via a threaded PVC connection. An in-line pressure gauge will also 

be installed to monitor system backpressure. The pump will then be used to force water into the 

monitoring wells under pressure. The flow rate, pressure, and water levels in adjacent monitoring 

wells and well points will be monitored and recorded in a manner similar to that described for 

the ambient pressure tests. Pressure injection will be continued for at least 15 minutes at each 

monitoring well. The duration of injection may be varied in the field based on observed 

responses in nearby monitoring points. 

5.4 DATA ANALYSIS AND REPORTING 

Upon completion of the injection testing, the water level, flow rate, and pressure data will be 

tabulated and evaluated to assess the effectiveness of the various forms of oxidant injection. The 

information will be used to determine the method and spacing to be used in full-scale application 

of this technology. The radius of influence for each of the three injection methods will be 
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estimated. The results of the injection testing will be included in the Remedial Action Work Plan 

for the full-scale ISCO implementation as justification for the proposed injection method and 

injection point spacing. The write up will include a description of the field procedures employed 

as well as any deviations from this plan. A site plan will be included that shows the locations of 

all injection points. Data summary tables will be prepared as appropriate to present the collected 

data.   

 



 

SECTION 6 
 

SCHEDULE
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6. SCHEDULE 

The pilot test will be initiated within 60 days of Work Plan approval by ADEQ. The anticipated 

duration for each task once the pilot test has been initiated is provided below: 

 Soil borings and groundwater sampling:  1 week 
 Analysis of groundwater samples:  2 weeks 
 Conduct oxidant treatability tests:  2 weeks 
 Analysis of oxidation testing samples:  2 weeks 
 Injection testing:  1 week 
 Data analysis:  2 weeks 

The pilot test results will be incorporated into the Remedial Action Work Plan for the full-scale 

ISCO remediation program. A graphic schedule is included as Figure 6. In total, the treatment 

technology pilot test will be completed within 4 months of ADEQ approval of this Work Plan. 

 



 

SECTION 7 
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Figure 6

Treatment Technology Pilot Study Implementation Schedule
Former Timex Facility, Little Rock, Arkansas
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APPENDIX A 
 

OXIDANT INFORMATION 



          

 

LIQUOX® sodium permanganate  
  

EC- SAFETY DATA SHEET according to Regulation (EC) № 1907/2006 of the   
European Parliament and of the Council, of 18 December 2006 concerning 

REACH
 

Material Safety Data Sheet   
Page 1 of 9   

          

Section 1   Chemical Product and Company Identification 
 

PRODUCT NAME:    LIQUOX® sodium permanganate, NaMnO4 
TRADE NAME:          LIQUOX® sodium permanganate 
SYNONYMS:              Permanganic acid sodium salt  
                                      Sodium permanganate  

Revision Date:  April 2008 

USES OF SUBSTANCE:    LIQUOX® sodium permanganate is a liquid oxidant recommended for  
                                               applications that require a concentrated permanganate solution. 
COMPANY NAME (Europe):                
CARUS NALON S.L. 
 
 
 
 
COMPANY NAME (US):     
CARUS CCORPORATION 

COMPANY ADDRESS:             Barrio Nalon, s/n                                    
                                                       33100 Trubia-Oviedo 
                                                       Espana, Spain  
INFORMATION:                         (34) 985-785-513 
EMERGENCY TELEPHONE:   (34) 985-785-513 
 
COMPANY ADDRESS:              315  Fifth Street 
                                                        Peru, IL 61354, USA 
INFORMATION:                         (815) 223-1500  
                                                        (815) 224-6816  (FAX)  
                                                        www.caruscorporation.com (Web)      
                                               salesmkt@caruscorporation.com  (Email)     
EMERGENCY TELEPHONE:   (800) 435 –6856 (USA) 
                                   (815) 223-1500  (Other countries) 
                                  (800) 424-9300(CHEMTREC®, USA) 
                                 (703) 527-3887 (CHEMTREC®, Other countries) 

 
Section 2     Hazards Identification 
 
 
1.    EYE CONTACT 

Sodium Permanganate is damaging to eye tissue on contact.  It may cause burns that result in  
damage to the eye. 
 

2.    SKIN CONTACT 
Momentary contact of solution at room temperature may be irritating to the skin, leaving brown   
stains. Prolonged contact is damaging to the skin. 
 

3.    INHALATION 
Acute inhalation toxicity data are not available.  However, airborne concentrations of sodium  
permanganate in the form of mist may cause irritation to the respiratory tract. 
 

4.    INGESTION 
Sodium permanganate solution, if swallowed, may cause burns to mucous membranes of the   
mouth, throat, esophagus, and stomach.  

 
 
 
 
 
 
 
 
 
 
 



          

 

LIQUOX® sodium permanganate  
  

EC- SAFETY DATA SHEET according to Regulation (EC) № 1907/2006 of the   
European Parliament and of the Council, of 18 December 2006 concerning 

REACH
 

Material Safety Data Sheet   
Page 2 of 9   

          
 

Section 3    Hazardous Ingredients 
 

 
MATERIAL OR COMPONENT     CAS NO.        EINECS           %          HAZARD DATA 
 
Sodium Permanganate                         10101-50-5    233-251-1       20-40      PEL/C 5 mg Mn per cubic meter of 
air 
  
                                                                                                            TLV-TWA    0.2 mg Mn per cubic meter of air 
HAZARD SYMBOLS:   

                                       
 
RISK PHRASES: 

8           Contact with combustibles  may case fire. 
22         Harmful if swallowed. 
50/53    Very toxic to aquatic organisms, may cause long-term effects in the aquatic environment. 

 
SAFETY PHRASES: 

17        Keep away from combustible materials. 
24/25   Avoid contact with skin and eyes.  
26        In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. 
  

  

 Section 4     First Aid Measures 
 

 
1.  EYES 
     Immediately flush eyes with large amounts of water for at least 15 minutes holding lids apart to ensure 

flushing of the entire surface.  Do not attempt to neutralize chemically.  Seek medical attention immediately.  
Note to physician:  Decomposition products are alkaline.  Brown stain formed is insoluble manganese 
dioxide. 

 
2.  SKIN 
     Immediately wash contaminated areas with water.  Remove contaminated clothing and footwear. (Caution: 

Solution may ignite certain textiles).  Wash clothing and decontaminate footwear before reuse.  Seek medical 
attention if irritation is severe or persistent. 

 
3.  INHALATION 
     Remove person from contaminated area to fresh air.  If breathing has stopped, resuscitate and administer 

oxygen if readily available.  Seek medical attention immediately. 
 
4.  INGESTION 
     Never give anything by mouth to an unconscious or convulsing person.  If person is conscious, give large 

quantities of water or milk.   Seek medical attention immediately. 
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Section 5     Fire Fighting Measures 
 
NFPA* HAZARD SIGNS 
Health Hazard                 1     =      Materials which under fire conditions would give off irritating combustion 
                                                       products. (less than 1 hour exposure)             
                                                       Materials that on the skin could cause irritation.  
Flammability Hazard       0    =      Materials that will not burn. 
Reactivity Hazard            0    =      Materials which in themselves are normally stable, even under fire exposure 
                                                       conditions, and which are not reactive with water. 
Special Hazard                OX =      Oxidizer 
 
*National Fire Protection Association 704 (USA) 
 
FIRST RESPONDERS:                                        Wear protective gloves, boots, goggles, and respirator.  In case   
                                                                                 of fire, wear positive pressure breathing apparatus.  Approach   
                                                                                 incident with caution.   
FLASHPOINT                                                       None 
FLAMMABLE OR EXPLOSIVE LIMITS         Lower:  Nonflammable     Upper:  Nonflammable 
EXTINGUISHING MEDIA                                 Use large quantities of water.  Water will turn pink to purple if  
                                                                                 in contact with sodium permanganate.  Dike to contain.  Do  
                                                                                 not use dry chemicals, CO2 Halon® or foams. 
SPECIAL FIREFIGHTING PROCEDURES     If material is involved in fire, flood with water.  Cool all affected 
                                                                                 containers with large quantities of water.  Apply water from as far 
                                                                                 a distance as possible.  Wear self-contained breathing apparatus  
                                                                                 and full protective clothing. 
UNUSUAL FIRE AND EXPLOSION                 Powerful oxidizing material.  May decompose spontaneously if 
                                                                                 exposed to heat (135°C / 275°F).  May be explosive in contact with 
                                                                                 certain other chemicals  (Section 10).  May react violently with 
                                                                                 finely divided and readily oxidizable substances.  Increases 
                                                                                 burning rate of combustible material.  May ignite wood and cloth. 

 
Section 6   Accidental Release Measures 
 
PERSONAL PRECAUTIONS 
 
Personnel should wear protective clothing suitable for the task.  Remove all ignition sources and incompatible 
materials before attempting clean up. 
 
ENVIRONMENTAL PRECAUTIONS: 
 
Do not flush into sanitary sewer system or surface water.  If accidental release into the environment occurs, inform 
the responsible authorities.  Keep the product away from drains, sewers, surface and ground water and soil. 
 
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED 
 
Contain spill by collecting the liquid in a pit or holding behind a dam (sand or soil).  Dilute to approximately 6% with 
water, and then reduce with sodium thiosulfate, a bisulfite or ferrous salt solution.  The bisulfite or ferrous salt may 
require some dilute sulfuric acid (10% w/w) to promote reduction.  Neutralize with sodium carbonate to neutral pH, if 
acid was used.  Decant or filter and deposit sludge in approved landfill.  Where permitted, the sludge may be drained 
into sewer with large quantities of water.  To clean contaminated floors, flush with abundant quantities of water into 
sewer, if permitted by federal, state, and local regulations.  If not, collect water and treat as above. 
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Section 7   Handling and Storage 
 
WORK/HYGIENIC PRACTICES 
Wash hands thoroughly with soap and water after handling permanganate solution.  Do not eat, drink or smoke when 
working with sodium permanganate.  Wear proper protective equipment.  Remove clothing, if it becomes 
contaminated. 
 
VENTILATION REQUIREMETNS 
Provide sufficient mechanical and/or local exhaust to maintain exposure below the TLV/TWA. 
 
CONDITIONS FOR SAFE STORAGE 
Store in accordance with NFPA 430 requirements for Class II oxidizers.  Protect containers from physical damage.  
Store in a cool, dry area in closed containers.  Segregate from acids, peroxides, formaldehyde, and all combustible, 
organic, or easily oxidizable materials including antifreeze and hydraulic fluid. 
 
 
Section 8   Exposure Controls and Personal Protection 
 
RESPIRATORY PROTECTION 
In cases where overexposure to mist may occur, the use of an approved NIOSH-MSHA mist respirator or an air 
supplied respirator is advised.  Engineering or administrative controls should be implemented to control mist. 
 
EYE 
Faceshield, goggles, or safety glasses with side shields should be worn.  Provide eyewash in working area. 
 
GLOVES 
Rubber or plastic gloves should be worn. 
 
OTHER PROTECTIVE EQUIPMENT 
Chemically resistant clothing covering arms and legs, and rubber, or plastic apron should be worn.  Caution: If 
clothing becomes contaminated, wash off immediately. Spontaneous ignition may occur with cloth or paper. 
 

 
Section 9   Physical and Chemical Properties 

 
 
APPEARANCE AND ODOR                                     Dark purple solution, odorless 
BOILING POINT, 760 mm Hg                                  >101°C 
VAPOR PRESSURE (mm Hg)                                   760 mm at 105°C 
SOLUBILITY IN WATER % BY SOLUTION        Miscible in all proportions with water 
PERCENT VOLATILE BY VOLUME                     61-85% (as water) 
EVAPORATION RATE                                             Same as water 
FREEZING POINT                                                     <-4.0 °C 
SPECIFIC GRAVITY                                                 1.16 - 1.36 
pH                                                                                  6-9 
OXIDIZING PROPERTIES                                       Strong oxidizer. May ignite wood and cloth. 
EXPLOSIVE PROPERTIES                                      Explosive in contact with sulfuric acid or peroxides,  
                                                                                       or readily oxidizable substances. 
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Section 10   Stability and Reactivity 
 
STABILITY                                                         Under normal conditions, the material is stable. 
 
CONDITIONS TO AVOID                                Contact with incompatible materials or heat (135°C / 275ºF) could 
                                                                               result in violent exothermic chemical reaction.  
 
INCOMPATIBLE MATERIALS                       Acids, peroxides, and all combustible organic or readily 
                                                                               oxidizable materials including inorganic oxidizable materials and 
                                                                               metal powders.  With hydrochloric acid, chlorine gas is liberated. 
 
HAZARDOUS DECOMPOSITION                   When involved in a fire, sodium permanganate may form 
PRODUCTS                                                          corrosive fumes. 
 
CONDITIONS CONTRIBUTING TO                Material is not known to polymerize. 
HAZARDOUS POLYMERIZATION  
 
Section 11   Toxicological Information 
 
SODIUM PERMANGANATE:             Acute oral LD50 not known. 
 
1. ACUTE TOXICITY 

Irritating to body tissue with which it comes into contact.  No acute toxicity data is available for sodium  
permanganate.  Toxicity is expected to be similar to that of potassium permanganate.  The toxicity data for  
potassium permanganate is given below: 
 
INGESTION: 
LD 50 oral rat:      780 mg/kg male (14 days); 525 mg/kg female (14 days). 
Harmful if swallowed.  ALD:  10g. Ingestion may cause nausea, vomiting, sore throat, stomach-ache and  
eventually lead to a perforation of the intestine.  Liver and kidney injuries may occur. 
 
SKIN CONTACT: 
LD 50 dermal        no data available. 
Major effects of exposure: severe irritation, brown staining of skin. 

 
INHALATION: 
LC 50 inhal.        no data available. 
The product may be absorbed into the body by inhalation.  Major effects of exposure: respiratory disorder, cough. 
 

2. CHRONIC TOXICITY 
 

 No known cases of chronic poisoning due to permanganates have been reported.  Prolonged exposure, usually 
 over many years, to heavy concentrations of manganese oxides in the form of dust and fumes may lead to  
 chronic manganese poisoning, chiefly involving the central nervous system. 
 

3. CARCINOGENICITY 
 

Sodium permanganate has not been classified as a carcinogen by ACGIH, NIOSH, OSHA, NTP, or IARC. 
 

4. MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE 
 

Sodium permanganate solution will cause further irritation of tissue, open wounds, burns or mucous membranes. 
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Section 12   Ecological Information 
 

ENTRY TO THE ENVIRONMENT 
 
Permanganate has a low estimated lifetime in the environment, being readily converted by oxidizable materials to 
insoluble MnO2. 
 
BIOCONCENTRATION POTENTIAL 
 
In non-reducing and non-acidic environments, MnO2 is insoluble and has a very low bioaccumulative potential. 
 
AQUATIC TOXICITY  
 
No aquatic toxicity data is available for sodium permanganate.  Toxicity is expected to be similar to that of 
potassium permanganate.  The toxicity data for potassium permanganate is given below: 
 
Rainbow trout, 96 hour LC50 for potassium permanganate:                                   1.8 mg/L 
Bluegill sunfish, 96 hour LC50 LC50 for potassium permanganate:                       2.3 mg/L 
Milk fish (Chanos Chanos)/ 96 hour LC50 LC50 for potassium permanganate:      >1.4mgl 

 
Section 13   Disposal Considerations 
 

WASTE DISPOSAL 
 
When it becomes a waste, sodium permanganate is considered a D001 hazardous (ignitable) waste.  For disposal of 
sodium permanganate solutions, follow procedures in Section 6 and deactivate the permanganate to insoluble 
manganese dioxide.  Dispose of it in a permitted landfill.  Contact Carus Corporation for additional 
recommendations. 

 
Section 14   Transport Information 
 

USA (land, D.O.T.) Proper Shipping Name:   49 CFR172.101   Permanganates, inorganic, aqueous   
                                              solution, n.o.s. (contains sodium permanganate) 
Hazard Class:                   49 CFR172.101….Oxidizer 
ID Number:                      49 CFR172.101….UN 3214 
Packing Group:                49 CFR172.101….II 
Division:                            49 CFR172.101….5.1 

European Labeling in 
accordance Road/Rail 
Transport (ADR/RID) 

ID Number:                           UN 3214 
ADR/RID Class                     5.1 
Description of Goods:           Permanganates, inorganic, aqueous  
                                                solution, n.o.s. (contains sodium permanganate) 
Hazard Identification No.     50 

European Labeling in 
accordance with EC 
directive (Water, I.M.O.) 

Proper Shipping Name:  Permanganates, inorganic, aqueous  
                                          solution, n.o.s. (contains sodium permanganate)  
Hazard Class:                  Oxidizer 
ID Number:                     UN 3214 
Packing Group:               II 
Division:                           5.1 
Marine Pollutant:            No 
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Section 14   Transport Information (contd.) 

    
European Labeling in 
accordance with EC 
directive (Air, I.C.A.O.) 

Proper Shipping Name:    Permanganates, inorganic, aqueous  
                                             solution, n.o.s (contains sodium permanganate) 
Hazard Class:                   Oxidizer 
ID Number:                      UN 3214 
Packing Group:                II 
Division:                           5.1 

 
Section 15   Regulatory Information  
 

 
EUROPEAN AND INTERNATIONAL REGULATIONS: 
 
MARKINGS ACCORDING TO EU GUIDELINES: 
 

The product has been classified and marked in accordance with EU directives/ordinances  
on hazardous materials. 
 

CHEMICAL NAME                        CAS NO.           EINECS             UN NUMBER 
Sodium Permanganate                     10101-50-5           233-251-1                 UN 3214 
 
CODE LETTER AND HAZARD DESIGNATION OF THE PRODUCT: 
 

                                       
             Oxidizer                         Harmful               Dangerous to the Environment 
 
RISK PHRASES: 

 
8           Contact with combustibles  may case fire. 
22         Harmful if swallowed. 
50/53   Very toxic to aquatic organisms, may cause long-term effects in the aquatic environment. 

 
SAFETY PHRASES: 

 
17        Keep away from combustible materials. 
24/25   Avoid contact with skin and eyes.  
26        In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. 
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Section 15   Regulatory Information (contd.) 
 

US FEDERAL REGULATIONS: 
 

CHEMICAL INVENTORY STATUS – PART 1 
 
Ingredient    CAS. NO.  TSCA   EC Japan Australia 
Sodium permanganate              10101-50-5 Yes         Yes 
 
CHEMICAL INVENTORY STATUS – PART 2  --- CANADA -- 
 
Ingredient    CAS. NO.  Korea   DSL NDSL PHIL 
Sodium permanganate               10101-50-5  No            No       Yes 
 
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulation 
(CPR, Canada) and the MSDS contains all of the information required by the CPR. 
 
FEDERAL, STATE & INTERNATIONAL REGULATIONS – PART 1 
 
                   SARA 302                    SARA 313 
Ingredient    CAS. NO.  RQ TPQ         List       Chemical Catg. 
Sodium permanganate              10101-50-5 N/A N/A          No         Yes  
                                                                                                                                 (Manganese compounds) 
 
FEDERAL, STATE & INTERNATIONAL REGULATIONS – PART 2 
 

Ingredient    CAS. NO.  CERCLA             RCRA            TSCA 8(d) 
Sodium permanganate              10101-50-5           No                       D001             No      
 
Ingredient    CAS. NO.  CWC TSCA 12(b)   CDTA   SARA     
            311/312 
Sodium permanganate               10101-50-5             No           No                                     4545 Kg 
 
Ingredient    CAS. NO.  Acute Chronic   Fire    Pressure   Reactivity    Pure/Liquid 
Sodium permanganate               10101-50-5 Yes Yes   Yes     No        No       Liquid 
 
Ingredient    CAS. NO.  Australian Hazchem Code    Poison Schedule   WHMIS    
Sodium permanganate              10101-50-5         C, D2B 
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Section 16   Other Information 
 

 
NIOSH        National Institute for Occupational Safety and Health 
MSHA         Mine Safety and Health Administration 
OSHA          Occupational Safety and Health Administration 
NTP             National Toxicology Program 
IARC           International Agency for Research on Cancer 
PEL             Permissible Exposure Limit 
C                 Ceiling Exposure Limit 
TLV-TWA  Threshold Limit Value-Time Weighted Average 
CAS            Chemical Abstract Service 
EINECS      Inventory of Existing Chemical Substances (European) 
 

 
 
 
 

Chithambarathanu Pillai (S.O.F.) 
April 2008 

 
 
 
 
The information contained herein is accurate to the best of our knowledge.  However, data, safety standards and government regulations are subject 
to change and, therefore, holders and users should satisfy themselves that they are aware of all current data and regulations relevant to their 
particular use of product.  CARUS CORPORATION DISCLAIMS ALL LIABILITY FOR RELIANCE ON THE COMPLETENESS OR 
ACCURACY OR THE INFORMATION INCLUDED HEREIN.  CARUS CORPORATION MAKES NO WARRANTY, EITHER EXPRESS OR 
IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY WARRANTIES OF MERCHANTIABILITY OR FITNESS FOR PARTICULAR USE 
OR PURPOSE OF THE PRODUCT DESCRIBED HEREIN.   All conditions relating to storage, handling, and use of the product are beyond the 
control of Carus Corporation, and shall be the sole responsibility of the holder or user of the product. 
 

CARUS CORPORATION,  315 5TH STREET, PERU, ILLINOIS    61354   
CARUS NALON S.L.  IS A DIVISION OF CARUS CORPORATION,  315 5TH STREET, PERU, ILLINOIS    61354   

      

 

 
 

 is a registered service mark of Carus Corporation. LIQUOX® sodium permanganate is a trademark of Carus Corporation. 
CARUS® is a registered trademark of Carus Corporation. Copyright 1998. Responsible Care® is a registered service mark of the 
American Chemistry Council. 
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Packaging, Storage, Health and Safety

PersulfOx® is a chemical oxidation technology developed by REGENESIS for the remediation

of organic contaminants in soil and groundwater which employs a patented “catalyzed

persulfate” technology. PersulfOx is mixed with water and applied to the contaminated

matrix via mixing equipment or subsurface injection techniques. When adding the fine dry

PersulfOx powder to the mix water, proper handling and dust precautions should be

followed as listed under Health and Safety below (also review MSDS).

Packaging and Storage:
PersulfOx is a dry, white, and free flowing powder delivered in 30 lb. pails or 55.1 lb (25 kg)
bags. It ships as a DOT 5.1 Class Oxidizer and should be handled according to rules and
regulations governing oxidizers. Persulfox should be stored in a cool (<40o C), clean, dry, and
well-ventilated area and away from heat and moisture. It should not be stored with
combustible or reducing materials.

Health and Safety:
PersulfOx is engineered for ease of handling in the field and is safely mixed without the risks
and potential hazards associated with most other chemical oxidants such as alkaline
activated sodium persulfate. However, PersulfOx is an oxidizer/catalyst powder mixture,
therefore Level C proper protective equipment (PPE) is recommended for all personnel
working with or in areas of potential contact with PersulfOx. In addition, PersulfOx is an
alkaline product when in solution; if left to stand for a long periods, persulfate based
products can become acidic. Under either alkaline or acidic conditions PersulfOx can be
caustic and corrosive and degrade equipment surfaces.

Personal Protective Equipment (PPE)

 Eye protection – Wear well sealed goggles or a face shield (face shield
recommended for full face protection)

 Head – Hard hat when required

 Respiratory – Use NIOSH(P100) approved respirator when airborne dust is
expected

 Hands – Wear chemical resistant gloves (neoprene, rubber, PVC)

 Feet – Wear steel toe shoes with chemical resistant soles or neoprene
boots

 Clothing – Wear long sleeve shirts and long pant legs. Consider using a
Tyvek® body suit, Carhartt® coverall or splash gear

 Engineering Controls-ventilation is required if used indoors. Controls
should be maintained to avoid creation of dusts and mists.



Chemical Oxidant with Built

PersulfOx™ is an in situ chemical oxidation reagent that

destroys organic groundwater and soil contaminants through

powerful yet controlled chemical reactions. PersulfOx is a

sodium persulfate (Na2S2O8) - based technology which

employs a unique, patented silica-based catalyst to enhance

oxidative destruction of both hydrocarbon and chlorinated

contaminants in the subsurface.

Traditionally, sodium persulfate is activated with the addition of
heat, chelated metals, hydrogen peroxide, or base in order to
generate sulfate radicals. These activation process
inherently complex, costly and can pose additional health and
safety risks. In comparison, PersulfOx is a
to-use ISCO agent.

In short, PersulfOx contains a built-in catalyst which activates
the persulfate component and generates contaminant
destroying free radicals without the need for the addition
separate chemical.

The PersulfOx catalyst is a silica based, microscopic surface on which oxidants and contaminants can come
together and react in a distinct process known as “surface mediated oxidation.” During this process, oxidation
reactions occur repeatedly on the surface of the catalyst serving several contaminant

 Generation of sulfate radical and other oxidizing species

 Accelerates oxidation through the adsorption of contaminant molecules and other oxidizing species

 Catalyzes direct and free-radical

The equation below shows the net complete oxidation of toluene, a constituent of gasoline, by PersulfOx.

PersulfOx is an all-in-one product with a mildly alkaline pH and excellent oxidation performance. It is easily
mixed with water and applied into the contaminated matrix using subsurface injection techniques or soil mixing
tools.
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Figure 1. Sodium Persulfate

Chemical Structure

Key PersulfOx

 Promotes rapid and sustained
oxidation of a wide
contaminants

 Provides a unique catalytic surface on
which oxidants and contaminants react in a
process known as “surface mediated
oxidation.”

 Contains built-in-activation: no complex and
potentially hazardous chemical addition
required to achieve contaminant destruction

 Fewer health and safety concerns than with
use of traditional activation methods such
as heat, chelated metals, hydrogen
peroxide or base

 Simplified logistics and ease of application
due to one part product. No additional
containers and mixing ratios required prior
to application

 Contaminant oxidation performance
equivalent to best alternative persulfate
activation methods
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radical-mediated oxidation by sodium persulfate

The equation below shows the net complete oxidation of toluene, a constituent of gasoline, by PersulfOx.

one product with a mildly alkaline pH and excellent oxidation performance. It is easily
mixed with water and applied into the contaminated matrix using subsurface injection techniques or soil mixing
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