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1.0 INTRODUCTION 

This report presents the design rationale, criteria, computations, and analysis for a 

remedial design at Operable Unit Number 2 (OU2) of the Kliegman Brothers Site (Site No. 2-41-

031).  This section presents the scope, site background, approach, and description of the remedial 

alternative selected for remediation of OU2 in accordance with the New York State Department 

of Environmental Conservation (NYSDEC) Record of Decision (ROD) for the site dated March, 

2008.  

1.1 Scope 

The Kliegman Brothers site consists of Operable Unit Number 1 (OU1) and OU2.  OU1 

consists of soil contamination present on the Kliegman Brothers (Kliegman Bros.) property that is 

currently being remediated using a Soil Vapor Extraction (SVE) System initially constructed as 

an interim remedial measure (IRM) by URS in 2004 and expanded to a larger system by the 

NYSDEC in 2007.  OU2 consists of groundwater contamination, consisting almost exclusively of 

tetrachloroethene (PCE), that was present on-site, and that has migrated from the site.  The PCE 

concentrations from sampling events in 2002, 2003, 2005, 2009, 2010, 2011 and 2012 are shown 

on Figure 1-1. Remediation of PCE in offsite groundwater is the focus of this Design Analysis 

Report. This work is being performed for the NYSDEC under Work Assignment D007622-02 of 

the NYSDEC Standby Contract.    

1.2 Site Background 

The site is situated in a densely populated, urban, mixed-use residential/light-commercial 

setting.  The Kliegman Bros. property is located at 76-01 77th Avenue in Queens County, New 

York.  The on-site property is approximately 37,000 square feet (sf), of which 26,000 sf is 

occupied by a building.   

Kliegman Brothers, Inc. formerly owned the on-site property.  This property was used as 

a warehouse and distribution center for laundry and dry-cleaning supplies from the 1950s through 

the 1990s.  Two 6,000-gallon above-ground storage tanks (ASTs) were used to store 

tetrachloroethene (PCE).  The tanks have since been removed from the property.  Although these 

tanks are the presumed source of contamination, it is unknown if, and when, product was released 
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or, whether contamination was due to a single catastrophic release or a chronic leak problem.  

Kliegman Brothers ceased operation in 1999.  The property was purchased by its current owners 

in 2000.  Known contamination is unrelated to operations since 2000. 

URS completed construction of an SVE system at the site as an IRM for OU1 in 2004.  

The system utilized three extraction wells (SVE-1, SVE-6S and SVE-6D). SVE-1 is a one-inch 

diameter well screened from 5 to 25 feet below ground surface (bgs).  Wells SVE-6S and SVE-

6D are two-inch diameter wells screened from 5 to 25 feet bgs (SVE-6S) and 30 to 65 feet bgs 

(SVE-6D).  SVE-6S and SVE-6D are separate wells installed at the same location.  Other wells 

(SVE-2 through SVE-5), originally installed by a previous site consultant in 2001 as SVE wells, 

were not used for the IRM.  The three wells were connected through a subsurface trench to the 

SVE system consisting of a moisture separator, an extraction blower, and vapor phase carbon 

vessels.  Operation of the system began on August 23, 2004.  In 2007, URS designed a full scale 

SVE system that added six new SVE wells and a large vacuum blower and offgas treatment 

system.  This system was installed in 2007 and has been operating continuously, along with the 

IRM system, since 2007.  

URS conducted a residential air-sampling program as an additional part of the Remedial 

Investigation (RI) to determine if the PCE plume has resulted in soil vapor entering area 

residences.  Results are presented in the 2006 URS report for NYSDEC entitled Soil Vapor 

Intrusion Investigation Report.  Based on finding completed soil vapor intrusion pathways during 

the initial (February 2005) sampling program, the indoor air-sampling program was expanded as 

part of the IRM.  The extent of the full program included indoor air and sub-slab sampling at 70 

residences and Public School (P.S.) 119 based on their proximity to the site.  Sampling followed 

the New York State Department of Health (NYSDOH) 2005 Draft Guidance for Evaluating Soil 

Vapor Intrusion in the State of New York.  Based on the analytical data collected, NYSDEC in 

concurrence with NYSDOH, determined that 12 residences were eligible for installation of sub-

slab depressurization systems. Of these 12 residences, 8 locations had the systems installed and 

the other 4 refused the installations.   
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1.3 ROD Approach 

As discussed in the March 2008 ROD for OU2 remediation, the NYSDEC selected in situ 

chemical treatment within the concentrated plume area with continued vapor monitoring, and 

installation of residential vapor mitigation systems as required. PCE was proposed to be oxidized 

by sequential oxidation by two oxidants.  First, Fenton’s reagent would be injected in multiple 

rounds to provide the strongest oxidation power and to promote desorption of adsorbed PCE so 

that it could be oxidized.  This would be followed by multiple rounds of permanganate injection.  

Post injection groundwater monitoring would evaluate the progress of remediation. Installation 

and operation of a groundwater extraction well to induce a hydraulic gradient to enhance the 

effectiveness of in situ chemical treatment was included; however, the feasibility of this option 

was to be examined during the remedial design.   

Since the issuance of the ROD in March of 2008, the natural processes of diffusion and 

dispersion and the operation of the SVE system have reduced concentrations of PCE in 

groundwater at and downgradient of the site. Therefore, the approach presented in the ROD has 

been significantly modified as discussed in the remainder of Section 1 below.  

1.4 Groundwater Contamination 

URS investigated groundwater contamination through three rounds of well installation 

and sampling during the RI in 2002, 2003, and 2005.  During each round of the investigation, 

wells were installed both at deeper depths and farther from the source area in an effort to define 

the horizontal and vertical extent of contamination.  The results defined a rather large area 

impacted by PCE; every well installed contained PCE.  

To support the design effort, additional groundwater sampling was performed in 

February/March 2009.  Because the 2009 sampling results showed significant changes in PCE 

concentrations, a more extensive investigation was performed.  Additional groundwater sampling 

locations were proposed.  In order to gain vertical contaminant profiling information, the 

additional investigation initially used a Membrane Interface Probe (MIP).  However, this effort 

encountered difficulties because of cobbles and other difficult boring conditions at several 

intervals which precluded the use of the MIP.  Therefore, a revised approach using conventional 

drilling (hollow stem auger and mud rotary) and a hydropunch for depth-specific samples was 
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performed during the period of October 2009 through February 2010.  Subsequently, additional 

wells installed based on the hydropunch results, and several existing wells, were sampled in 

March 2010.  Existing wells were sampled again in February 2011, February 2012 and June 2012.  

Analytical results are shown on Figure 1-1.  Groundwater sampling results from all sampling 

events are compared on Table 1-1. 

As shown on Table 1-1, the recent groundwater samples show that operation of the onsite 

SVE system has significantly reduced PCE concentrations throughout the area of investigation.  

Although PCE concentrations have been greatly reduced in most of the wells included on Table 

1-1, there is one well (MW-14DR) where a significant concentration (greater than 1,000 ppb) of 

PCE was detected in the last sampling event in June 2012.  MW-14DR is a replacement well for 

MW-14D that was destroyed in 2010.    

1.5 Groundwater Remediation Area 

The shallow groundwater zone (beginning at approximately 70 feet bgs) is the focus of 

remediation for this OU2 design.  A perched groundwater zone that lies above a silty clay layer 

approximately 10 to 15 feet bgs is not addressed by the OU2 Design.  The on-site perched 

groundwater is being remediated by the OU1 Remedy. 

During the RI, and in a subsequent predesign investigation in 2010, portions of the plume 

were probed using a hydropunch to collect discrete depth-specific samples to gauge the thickness 

of the plume.  At each of these locations, a well was installed below the water table (wells MW-

10H, MW-12H, MW-13H, MW-14H, MW-27M, MW-29M, and MW-30M).  The hydropunch 

sampling results for all but MW-14H are summarized in Table 1-2.  MW-14H was investigated 

not with a hydropunch, but with a Membrane Interface Probe (MIP) attached to a direct-push rig.  

Due to problems advancing and withdrawing this tool, it was used only at this one location.   

Discrete depth-specific samples taken from the hydropunch locations show that the 

plume remains near the top of the water table.  Only at downgradient well location MW-30M) 

was the plume found to be present only below the top of the water table.  Based on the review of 

the hydropunch data, the treatment zone is defined as the top 20 feet of the water table. 
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The latest sampling results confirm that the OU2 plume has attenuated as a result of the 

remediation activities at OU1. Therefore, the extensive injection scheme proposed in the ROD is 

not warranted - particularly in light of the difficulties associated with installing wells in a 

residential area with extensive underground utilities.  A reduced scope of remediation will extend 

from just downgradient of MW-04D to just downgradient of MW-24D (the second most 

contaminated well in June 2012) as shown on Figure 1-2. The injection well locations have been 

selected based on the interpretation of the plume flow in a southerly direction from the former 

tank locations to the area near MW-14DR (the most contaminated well in June 2012).  The 

proposed well locations are thus on the east side of 76
th
 Street near 77

th
 Avenue (starting near 

MW-04D which had a PCE concentration of 14,000 µg/L as recently as February 2012) and on 

the west side of 76
th
 Street near MW-14DR and MW-24D. 

1.6 Groundwater Extraction Well Evaluation 

The ROD recommended Alternative 4 as the preferred remedy for the site which 

consisted of the installation of oxidant injection wells within the concentrated plume area.  In 

order to create a larger hydraulic gradient and thus to increase the area reached by the injected 

oxidants to areas beyond the radius of influence of the injection wells, the ROD indicated that a 

groundwater extraction well and groundwater treatment facility be considered during the remedial 

design process.    

The extraction well and treatment facility have been eliminated from the remedial design 

based on the following: 

   Data collected since the ROD was published shows that the plume has attenuated 

in size;  

   The extent of contamination requiring treatment is much smaller than originally 

delineated in the ROD;  
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.  Many of the residences in the area have been protected by subslab 

depressurization systems reducing concerns over potential migration of 

contamination under the residences and subsequent exposure by vapor intrusion. 

1.7 Oxidant Recommendations 

The remedy proposed in the ROD assumed that PCE was to be oxidized by sequential 

injection utilizing two oxidants.  First, Fenton’s reagent would be injected in multiple rounds.  

The Fenton’s injection would provide the strongest oxidation power and promote desorption of 

adsorbed PCE so that it could be oxidized.  This was recommended because the concentrations 

near the source area were at levels that indicated the presence of DNAPL.  The stronger, but 

short-lived Fenton’s treatment would be followed by multiple rounds of permanganate injection 

to provide longer-lived oxidation of the PCE, including PCE that was transferred from DNAPL to 

the dissolved phase by previous treatment with Fenton’s.   

Due to the significant reduction in PCE concentrations, including the current absence of 

concentrations that indicate the presence of DNAPL, the strong oxidation power of Fenton’s 

reagent will not be necessary. A two phased approach is no longer required.  Therefore, this 

Design calls only for permanganate injection. 
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2.0 IN SITU CHEMICAL OXIDATION (ISCO)  

2.1 Description of Remediation  

Based on the analysis and recommendations presented in Section 1, the Design will 

incorporate in situ oxidation within the 11,400 ft² remediation area identified on Figure 1-2.  Due 

to the success of the SVE system and resulting reduced concentrations of PCE within the 

groundwater, only permanganate will be injected.  Post injection groundwater monitoring will 

evaluate the progress of remediation.   

2.2 Design Approach  

Permanganate will be introduced during multiple injection events with performance 

monitoring conducted in between.  The first injection event will provide implementation and 

treatment experience that can be used by the NYSDEC and the oversight engineer to direct the 

contractor to modify subsequent injection events, if appropriate.     

2.3 Description of Oxidant  

2.3.1    Chemistry 

Permanganate is a common oxidant and has demonstrated significant effectiveness in 

oxidizing chlorinated solvents such as PCE.  Permanganate is available either as potassium 

permanganate (KMnO4) or sodium permanganate (NaMnO4).  KMnO4 comes in a granular form 

that is mixed with water and has a relatively low solubility limit (i.e., 2% to 4% by weight), while 

NaMnO4 comes as a liquid with a much higher solubility limit (approximately 40% by weight in 

solution).  Permanganate destroys contaminants through an ionic reaction versus the hydroxyl 

radical production associated with Fenton’s chemistry.  No heat or gas is produced in the 

permanganate oxidation reaction, as shown in Equation 1, where MnO4
-
 is the permanganate ion, 

H2O is water, e
-
 is an electron, MnO2(s) is manganese dioxide solid, and OH

-
 is the hydroxyl ion. 

MnO4
-
 + 2H2O + 3e

-
  MnO2(s) + 4OH

-
 Equation  1 
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2.3.2    Oxidant Reactivity and Strength 

Permanganate is more chemically stable and has a slower reaction rate (e.g., on the order 

of days or weeks) with PCE than other ISCO reagents (e.g., Fenton’s).  Therefore, permanganate 

has the potential to be effective for longer periods of time following injection and/or to move 

farther from the point of injection.   

In terms of oxidative strength alone, permanganate is a weaker oxidant as compared to 

the hydroxyl radicals or persulfate, and is therefore less efficient in terms of volume of material 

delivered.  Permanganate also reacts at a higher rate with other non-contaminant oxidizable 

materials.  In terms of longevity, permanganate has the potential to be the most persistent oxidant 

within the subsurface and thus can travel with groundwater to reach areas not accessible via 

surface injection. The quantity of permanganate required for treatment depends primarily on the 

natural oxidant demand of the aquifer material.  Natural oxidant demand (NOD) (e.g., oxidizable 

species present within the aquifer in addition to target contaminants) reacts with permanganate 

and consumes much of the oxidant. Target contaminants typically comprise a small to negligible 

quantity of the permanganate requirement.   

2.3.3    Selection of Sodium Form of Permanganate 

Sodium permanganate (NaMnO4), available as a liquid, will be used rather than 

potassium permanganate (KMnO4), available as a powder that requires dissolution onsite, 

because it generally reduces the complexities associated with storage, mixing and transportation 

of the material.  In addition, NaMnO4 is not subject to the Homeland Security regulations that 

apply to KMnO4 further reducing the complexities associated with storage and transportation of 

the material. 

A 5% by weight NaMnO4 solution will be used for remediation at the Kliegman Brothers 

site.  Injection of a 5% solution of NaMnO4 reduces health and safety concerns associated with 

higher concentrations of NaMnO4.  Manufacturers specify that spills of NaMnO4 must be reduced 

to 6% or less before they can be neutralized.  In general, NaMnO4 solutions of 6% by weight or 

less are very stable.  Design calculations for NaMnO4 injection are discussed below in Section 

2.4. 
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2.4 Chemical Oxidant Dosage 

The oxidant dosage estimated for applications of 5% by weight NaMnO4 is based 

primarily on the NOD present in the soil – based on NOD data from samples collected in 2002, 

and estimates of target treatment volume. Oxidant dosage estimates for NaMnO4 are described 

further in Appendix A. 

    Based upon 2002 soil samples collected for NOD analysis, variability in site lithology, 

and the inclusion of a safety factor, the NOD estimated for oxidant dosage is approximately one 

gram KMnO4 per kilogram of soil, which is a relatively low NOD but within the expected range 

for lithology similar to this site.  As presented in Appendix A, the quantity of NaMnO4 required 

for direct oxidation of the estimated contaminant mass in groundwater is relatively small in 

comparison to the oxidant mass required for oxidation of the NOD.  Less than 1% of the oxidant 

injected is needed to destroy the contaminants in groundwater.  Additional detail concerning 

oxidant dosage for permanganate is provided in Appendix A. 

As presented in Appendix A, approximately 21,000 gallons of 5% by weight NaMnO4 

solution will be required for the remediation area.  Assuming the solution will be applied over 

two events, approximately 440 gallons of the 5% by weight solution will be injected into each of 

the 24 injection wells (twelve locations) for a total of 10,500 gallons during each of the injection 

events. 

2.5 ISCO Infrastructure 

The urban nature of the site puts constraints on the ISCO infrastructure.  Ideally, injection 

wells would be installed in a triangular pattern. However, the active streets and the private 

residential properties (each of which is comprised of the house, driveway, and a small area behind 

each structure) will be avoided for well installation.  Thus, injection wells are proposed to be 

located on a 30-foot spacing along the public sidewalks.  The well spacing is based on lithology, 

vendor recommendations and previous experience with permanganate injections. 

To determine whether it was physically possible to install wells on 30-foot spacing, URS 

performed a utility location survey through the subcontracted firm Radar Solutions.  The utility 
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location effort used Electromagnetic Induction (EMI), Ground-Penetrating Radar (GPR) and 

utility markouts to estimate the location of subsurface utilities along 76
th
 St.  The results of this 

survey are shown on Figure 2-1.  

Based on the estimated locations of utilities, a conceptual arrangement of injection well 

locations is shown on Figure 2-2.  This conceptual arrangement maintains the 30-foot (+/-) 

injection well spacing. The actual location of the injection wells will be finalized in the field; 

however, this exercise demonstrates that it is feasible to locate the planned injection wells within 

the remediation area. 

In addition to underground constraints, there are also overhead constraints in the form of 

trees and power/communication lines.  The Contractor will be required to work around and 

protect these features.  This may require the use of short-mast drill rigs and power line protection 

cuffs and/or other similar measures. 

A well pair (shallow and deep) will be constructed at each location with screens at two 

different depth intervals.  The two intervals reduce the likelihood of oxidant being injected into 

only higher permeability seams in the aquifer.  Each well screen will be 10 feet in length. Data 

from the RI indicates that the water table fluctuates temporally between 65 and 68 feet bgs.  On 

this basis, the shallow well screen will be installed from approximately 68 to 78 feet bgs, and the 

deep screen will be installed from 78 to 88 feet bgs. 

The construction will require the use of sonic or rotary mud drilling techniques.  

Although these techniques are typically more expensive than hollow stem auger drilling, they are 

favored over hollow stem auger drilling for the following reasons: 

 Public relations will be a significant challenge for this remedy.  The injection wells will 

have to be installed at many locations within the right-of-way on residents’ driveways, 

impacting their access.  Sonic and rotary mud drilling allows for much faster installation 

of the wells and thus reduces the duration of residents’ inconveniences during well 

installation. 
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 Although the stratigraphy in the area is primarily sand with some clay lenses, there are 

layers of cobbles that have posed difficulties with other drilling techniques.  Previous 

investigations at this site have shown that direct push is not feasible because of cobbles, 

and hollow stem auger drilling had to resort to the use of drilling mud to advance the 

borings.  The sonic and rotary mud techniques would not be subject to these cobble-

induced drilling limitations. 

 The ability of sonic and rotary mud drilling to pass through difficult layers more easily is 

an advantage.  Because of the overhead constraints (trees and wires), a compact rig may 

be required.  Smaller rigs are typically less powerful, and thus conventional drilling 

techniques would encounter even greater difficulties reaching the depths needed by this 

remedy.  

The boreholes will not be logged continuously, but will be logged as they approach the 

water table during drilling in order to set the well screens at an appropriate depth and to identify 

localized geologic conditions.  The delivery wells will be constructed of two-inch outer diameter 

(OD) Schedule 40 polyvinyl chloride (PVC) pipe with a threaded bottom cap, continuous wrap 

well screen (10-slot), and solid PVC riser to the ground surface.  The annulus of each delivery 

well will be filled with appropriately sized sand mated to the slot size and the formation. The sand 

pack will extend from the bottom of the borehole to approximately two feet above the top of the 

screen.  The flush mount surface completion for each delivery well will be constructed to tolerate 

moderate to heavy vehicle traffic.  The wells will be fitted with locked well caps to deter 

tampering.  

Sodium permanganate can be delivered to the site as a 40% by weight solution by the 

manufacturer, and can be mixed with water on site to reduce the concentration to 5% by weight.  

Alternatively, the 40% by weight solution can be mixed with water at an offsite location, and can 

be delivered to the site as a 5% by weight solution.  Since little if any space is available on site for 

mixing operations, offsite mixing is preferred for remediation at this site.  Offsite mixing will be 

addressed in the Contract Documents for remediation. 
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Because of the location of the injection wells along public sidewalks, no permanent 

above-grade components will be allowed.  Injections will be made from a mobile delivery unit 

(e.g., tanker truck or a truck with reagent tanks).  Materials used for above ground hoses used for 

transfer of oxidant, pumps used for transfer or injection, and storage containers will be 

compatible with sodium permanganate. The manufacturer’s recommendations for 

decontamination and/or maintenance will be followed to prevent corrosion of hoses, pumps, 

and/or any equipment exposed to the sodium permanganate.   

2.6 Injection Schedule 

Two applications of NaMnO4 solution injections are scheduled. Groundwater 

performance monitoring will be conducted between permanganate applications.  Performance 

monitoring is discussed further in Section 2.7.  Modifications to the injection program may be 

made following a review of the performance monitoring results. 

 Each NaMnO4 application is anticipated to require approximately one to three work days 

depending on the number of wells that are injected simultaneously (see Appendix A).  This does 

not include mobilization and demobilization.  Site conditions and lithology may allow for 

increased or require decreased flow rates; the average anticipated flow rate (8 gallons per minute 

or approximately 50 minutes per well based on injection of 400 gallons in each well) is based 

upon consideration of site lithology, previous experience with permanganate applications, and 

vendor recommendations.  A more detailed schedule for oxidant injection is presented in Section 

4.0. 

2.7 Performance Monitoring  

Wells used for performance monitoring are shown on Figure 2-2. A total of 13 wells, 

including 10 existing wells, and 3 new well locations (MW-31D, MW-32D, MW-33D) to be 

installed during the remedial construction period, will be used for performance monitoring.  

Performance monitoring will include sampling and analysis for VOCs, alkalinity and dissolved 

metals (iron, manganese, chromium, arsenic, selenium and lead). Samples will be collected from 

the monitoring wells prior to initiation of injections and approximately eight weeks after each 

injection event. Each monitoring event is expected to be completed in 3 days. Performance 
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monitoring will also include weekly measurement of field parameters (oxidation reduction 

potential, dissolved oxygen, specific conductivity, temperature and color). A more detailed 

schedule for monitoring is presented in Section 4.0. 

2.8 Storage, Containment and Safety Measures 

 Permanganate solutions are hazardous substances and strong oxidizers.  Sodium 

permanganate is a Class 2 oxidizer.  For the purposes of this Design, it has been assumed that the 

NaMnO4 will be delivered to the site as a 5% by weight solution after being mixed off site. The 

solution could be stored onsite (if the site is not being used or the space is available at the time of 

injections) or could be shipped in smaller (daily use) quantities for immediate use for injection.  

The latter method is preferred since onsite storage may not be possible or be very limited.  

The New York State Fire Code and the NYSDEC bulk storage requirements (6NYCRR 

Parts 595-599) regulate the storage of oxidizers. Among other requirements included in the 

regulations, Chapter 40 of the Fire Code requires outdoor storage of Class 2 oxidizers to be stored 

a minimum of 35 feet from buildings, lot lines, streets, alleys, and means of egress.   

Secondary containment is required by and must comply with the NYSDEC bulk storage 

regulations.  Secondary containment is required for oxidant transfer, storage, and mixing 

operations.  At connection points (e.g., hose and/or piping connections) secondary containment 

measures should be implemented whenever possible.   

Any spilled material will be contained and reused, if possible.  If reuse is not possible, 

permanganate solution will be neutralized using either a solution of dilute peroxide and acetic 

acid (e.g., vinegar) or dissolved sodium thiosulfate.  Permanganate should be diluted and 

decomposed using sodium metabisulfite or sodium sulfite.  Decontamination of equipment, 

storage, personal protection, and other related safety concerns should be in accordance with the 

Material Safety Data Sheets (MSDS) and vendor recommendations.  Oxidant safety materials are 

presented in Appendix B.   
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2.9 Utilities 

Since sodium permanganate will be shipped to the site in a 5% by weight solution, 

mixing will not be required, and utilities (electric and water) to accommodate mixing will not be 

required.  Minimal power will be required for injection pumps that can be supplied by tapping 

into power lines in the remediation area or by running a portable generator.  Water will need to be 

on hand to address spills, if they occur.  Water could be obtained from hydrants or it could be 

trucked in. 

2.10 Access Requirements 

 

Work on private property will be avoided.  Remediation activities will be confined to 

public sidewalks and rights-of-way.  For instance, injection wells will be installed within the 

public rights-of-way along 76
th
 Street.  The construction contractor will be required to obtain a 

street-opening permit to install the injection wells in any off-site public areas. The areas impacted 

by well construction will be restored to city requirements at the completion of remediation. 
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3.0 PERMITS AND APPROVALS 

Injection wells incidental to aquifer remediation and experimental technologies are 

distinguished from hazardous waste injection wells and are designated as Class V under the 

United States Environmental Protection Agency (USEPA) Underground Injection Control (UIC) 

Program. Class V wells covered by the Federal UIC Program are authorized by rule and do not 

require a separate UIC permit.  However, URS will submit an Inventory of Injection Wells Form 

to the USEPA, as required by the USEPA UIC Program, to document well installation. 

 

To install the wells in the public rights-of-way, New York City street opening permits 

will be required.  Because parts of the road will be required to set up the drilling rigs, lane closure 

permits would be required.  The Contractor will be required to submit a Traffic Control Plan that 

addresses lane closure and other traffic issues prior to commencing work.  Operations will have to 

comply with New York City noise monitoring and mitigation requirements. 
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4.0 CONSTRUCTION SEQUENCING AND SCHEDULE 

This section presents a preliminary schedule and description of construction sequencing.  

The remedial Contractor will determine the actual sequence and duration of work segments 

within the time frame specified in the Contract Documents.  The major remediation work 

elements presented in the expected sequence of implementation are described below. 

 1.  Mobilization of Equipment, Manpower, and Temporary Facilities:  It is expected that 

any temporary facilities required will be located at the OU1 area.    

2. Baseline Monitoring:  A round of groundwater samples will be taken prior to 

treatment to update the baseline groundwater concentrations. 

3.   Injection and Monitoring Well Installation:  Injection wells pairs will be installed at 

12 locations and new monitoring wells will be installed at 3 locations.  

4.  Oxidant Injection:   NaMnO4 solution will be injected during two separate events at 12 

locations. Groundwater will be monitored in between each injection to evaluate the effectiveness 

of oxidation and adjustments to the oxidant dose will be implemented as appropriate based on the 

monitoring results.  

5.  Demobilization:  All temporary facilities will be removed from the site.  Temporary 

utilities will be discontinued. 

A preliminary general construction schedule is presented on Figure 4-1.  The Contractor 

will be required to submit a work plan with a preliminary construction schedule to NYSDEC 

within 5 days after being notified that he is the apparent low bidder. The selected Contractor will 

submit a detailed construction schedule to NYSDEC and update the schedule in accordance with 

the Contract Documents after the construction contract has been awarded.      
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TABLES 



TABLE 1-1 
 

GROUNDWATER PCE RESULTS COMPARISON 
 

 
Well ID1 

 
2002-2005 Max 

Conc (ppb) 

 
2009/2010 Max 

Conc (ppb) 

 
2011 Conc  

(ppb) 

   Feb 2012 Conc (ppb) 

 
 June 2012 Conc 

(ppb) 

 On-Site Samples 
MW-10D 55,000 170 51 44 Not Sampled 
MW-10H 24,800 69 5 8.6 Not Sampled 
MW-11D 5,900 67 Not Sampled Not Sampled Not Sampled 
MW-02D 15,000 90 Not Sampled Not Sampled Not Sampled 

 Immediately Downgradient 
MW-03D 43,000 580 200 48 54 
MW-05D 31,000 360 44 7.3 4.1 
MW-12H 51,200 17 9.8 21 Not Detected 
MW-04D 75,000 700 8,200 14,000 460 

 Downgradient 
MW-14D/14DR2 75,000 42,000 Not Sampled Not Sampled 5,300 

MW-14H Not Sampled 12 54 Not Sampled Not Sampled 
MW-14L Not Sampled Not Sampled Not Sampled 75 21 
MW-14U Not Sampled Not Sampled Not Sampled 83 22 
MW-17D 8,400 490 Not Sampled Not Sampled Not Sampled 
MW-24D 21,000 6,600 15,000 340 890 
MW-24H Not Sampled 1,400 2,500 86 160 

 Farther Downgradient 
MW-23D 3,400 2,400 380 170 48 
MW-19D 2,300 140 37 20 Not Sampled 
MW-18D 5,700 140 Not Sampled Not Sampled Not Sampled 
MW-07D 2,700 54 23 11 Not Sampled 
MW-16D 350 30 Not Sampled Not Sampled Not Sampled 

 
NOTES: 
 
1.  S – shallow; D – deep; H – hydropunch. 

 
2.  MW-14DR replaced MW-14D after MW-14D was destroyed in 2010. 
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TABLE  1-2                                                                                                                        

 HYDROPUNCH DATA  

 

LOCATION 

 

DEPTH  

(FT. BGS) 

PCE CONCENTRATION 

(μg/L) YEAR 

MW-10H 

72 24,800 

2003 

88 75 

103 11 

118 540 

132 ND 

148 16 

MW-12H 

72 51,200 
2003 

 

 

88 3,790 

108 51 

118 16 

MW-13H 

72 809 
2003 

 
88 ND 

102 1 

MW-24H 

72 14,000 
 

2010 

 

 

 

82 480 

92 20 

102 7.1 J 

112 4.7 J 

122 ND 

MW-27M 

72 29 

2010 

82 6.4 

92 62 

102 1.2 J 

112 ND 

122 ND 

MW-28M 

72 7.7 

2010 

82 ND 

92 ND 

102 ND 

112 ND 

122 ND 

MW-29M 

72 22 

2010 

82 120 

92 49 

102 7.6 

112 2.4 J 

122 1.4 J 

MW-30M 

72 ND 

2010 

82 1,400 

92 57 

102 32 

112 17 

122 6.7 



TABLE 2-1 
MONITORING WELL SCHEDULE 

 
 
 

 
Well ID1 

Installation 
Date 

 
Depth (Ft.) 

 
Description1 

 
Proposed for 
Long Term 
Monitoring2 

MW-01 2002 24 P no 
MW-01S 2002 20 P no 
MW-2D 2002 79.5 W no 
MW-3D 2002 76.5 W yes 
MW-4D 2002 75 W yes 
MW-5D 2002 75 W yes 
MW-6S 2002 14.25 P no 
MW-7D 2002 75 W no 
MW-8S 2002 16.5 P no 
MW-9S 2002 15 P no 

MW-10D 2003 72 W no 
MW-10H 2003 148 H no 
MW-11D 2003 75 W no 
MW-12H 2003 118 H yes 
MW-13H 2003 103 H no 

MW-14DR 2012 75  W yes 
MW-14H 2009 115 H yes 
MW-15D 2003 75 W no 
MW-16D 2003 70 W no 
MW-17D 2005 73 W no 
MW-18D 2005 74 W no 
MW-19D 2005 74 W no 
MW-20D 2005 75 W no 
MW-21D 2005 74 W no 
MW-22D 2005 74 W no 
MW-23D 2005 74 W yes 
MW-24D 2005 69 W yes 
MW-24H 2009 124 H yes 
MW-27M 2009 74 D no 
MW-28M 2009 74 D no 
MW-29M 2009 74 D no 
MW-30M 2009 96 D yes 



 
TABLE 2-1 Continued 

MONITORING WELL SCHEDULE 
 

 
Well ID1 

Installation 
Date 

 
Depth (Ft.) 

 
Description1 

 
Proposed for 
Long Term 
Monitoring2 

MW-31D New 75 (proposed) D yes 
MW-32D New 75 (proposed) D yes 
MW-33D New 75 (proposed) D yes 

 
NOTES: 
 
1.  S – shallow; D – deep; H – hydropunch; R – re-drill, P – perched aquifer; W – water table aquifer. 

 
2.  The monitoring program will include analytical parameters as follows:  

VOCs 
alkalinity 
dissolved metals (i.e., iron, manganese, chromium, arsenic, selenium, and lead);  
and field parameters as follows:   
oxidation-reduction potential (ORP) 
dissolved oxygen (DO) 
temperature 
specific conductrivity 
color. 
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FIGURES 
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FIGURE 1-1

KLIEGMAN BROTHERS
GROUNDWATER SAMPLING RESULTS FOR PCE
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ND - Not Detected
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                        H - Below water table (based on HP readings)
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Figure 4-1

Preliminary Construction Schedule

Task
Duration 

(days)

Mobilization 10

Well Installation 30

Baseline Monitoring 3

1st Injection Event 5

Performance Monitoring-

Field Parameters 1 per week

Performance Monitoring-

Laboratory Analysis 3

Turnaround Time and 

Reporting 5

Monitoring Review and 

Recommendations 10

2nd Injection Event 5

Performance Monitoring-

Field parameters 1 per week

Performance Monitoring-

Laboratory Analysis 3

Turnaround Time and 

Reporting 5  

Monitoring Review and 

Recommendations 10

Demobilization 5

Month 6 Month 7Month 1 Month 2 Month 8 Month 9Month 3 Month 4

Cumulative Time

Note:  Each month = 20 working days

Month 10Month 5
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APPENDIX A 

OXIDANT DOSAGE CALCULATIONS 
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1. Background and Purpose 

Operation at the Kliegman Brothers site led to a significant source of 

tetrachloroethene (PCE) contamination on site.  This onsite source area has 

been largely cleaned up by SVE remediation of onsite soil that began in 

2004.  However, groundwater sampling has indicated that there is still some 

significant PCE contamination existing downgradient of the site. This 

calculation has been prepared to estimate the quantity of oxidant (sodium 

permanganate) necessary to effectively treat the remaining PCE contaminant 

mass present in an area just downgradient of the site source area.   

 

2. Design Criteria 

 

Design criteria used for calculating the amount of oxidant (sodium 

permanganate) required for remediation are discussed below.  

  

a. Area of Remediation 

 

The treatment area includes an area along the east side of 76th Street 

which is approximately 30 feet wide and 140 feet long (4,200 square feet) 

and an area along the west side of76th Street which is approximately 30 

feet wide and 240 feet long (7,200 square feet) as shown on the figure 

included as Attachment A.  The total area is approximately 11,400 square 

feet. 

 

b. Saturated Thickness 

 

The treatment thickness across the remediation area is 20 feet beginning at 

the top of groundwater (i.e., approximately 70 to 90 feet below ground 

surface. 

  

c. Soil Porosity 

 

A porosity of 35% is used for the calculation based on the properties of 

silty sand (Attachment B).  
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d. Contaminant Groundwater Concentrations 

 

The most contaminated wells in the remediation area include MW-04D, MW-

14DR and MW-24D.  Data from these wells is used to conservatively 

estimate the concentration of VOCs within the remediation area.  Data for 

the last two sampling events at these locations is summarized below. 

 

Well Location PCE Concentration (µg/L) 

 February 2012 June 2012 

MW-04D 14,000 460 

MW-14DR Not Sampled 5,300 

MW-24D 340 890 

 

The average of the PCE concentrations in these wells for the two events is 

4,198 µg/L.  A value of 4,200 µg/L (4.2 ppm) will be used for the calculation.   

 

e. Permanganate Natural Oxidant Demand (PNOD) 

 

The PNOD is a measure of the oxidant demand of the soil regardless of 

contamination, i.e., the oxidant demand occurring naturally. It is also 

referred to as permanganate soil oxidant demand or PSOD. Testing 

conducted in September 2002 (Attachment C) indicates that the NOD is 

very low, i.e. less than 1 gram KMnO4 per kilogram soil (gKMnO4/kg soil).  A 

conservative value of 1 gKMnO4/kg soil is used for this calculation. 

 

f. Effective PNOD 

 

Based on Carus Corporation’s experience in the field, they have developed 

the concept of effective PNOD. They have determined that laboratory 

results for PNOD are not reflective of permanganate demand in the field, 

i.e., oxidant demand in the field is less than predicted by laboratory results.  

The discrepancy is due mainly to the following:  1.) laboratory results are 

based on well mixed soil that does not occur in the field when the oxidant is 

injected; and 2.) permanganate does not usually persist long enough in the 

field to oxidize all the PNOD present.  The effective PNOD can vary; 
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however, based on Carus’ experience the effective PNOD is typically 10% of 

the measured PNOD.  A value of 10% is used in this calculation 

         

g. Average Stoichiometric Demand 

 

Different compounds require different amounts of permanganate for 

oxidation that is based on stoichiometry.  The stoichiometric relationships 

for the chlorinated alkenes are presented in Principles and Practices of In 

Situ Oxidation Using Permanganate by Siegrist, et al.  These stoichiometric 

relationships are included in Attachment D.  For PCE, the stoichiometric 

demand is 0.96 lb MnO4ˉ/lb contaminant. 

 

h. Confidence Factor 

 

The confidence factor is a safety factor applied to the estimate based on 

the availability of data for the site and the unknowns and variables 

associated with the remediation.  The confidence factor generally ranges 

from 1 (very confident) to 5 (not confident because data is minimal or site 

geology is highly variable).  For this site, there is some subsurface 

characterization data available for the target remediation area, and the 

geology is somewhat variable but reasonably well known.  However, the 

remediation will occur in a residential area, so it will be desirable to minimize 

the number of injections to minimize disturbance in the residential 

neighborhood. Therefore, it seems prudent to use a conservative confidence 

factor to reduce the probability of needing more injections after the 

calculated quantity is injected. On this basis, a confidence factor of 4 was 

used for the calculation of total oxidant demand.  

 

3. Oxidant Required for Remediation  

 

The oxidant required for remediation was calculated using the Carus 

spreadsheet with the input parameters discussed in Section 2 above.  These 

calculations are included Attachment E.  Attachment E includes calculations 

for RemOx S (potassium permanganate) and RemOx L (sodium 
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permanganate); however, only sodium permanganate will be used for 

remediation as discussed in Section 4 below.   

 

The spreadsheet calculations are based on the following equation: 

 

TR = [(C x Qw x S) + (Effective PNOD x Qs)] x CF 

 

Where:  

 

TR  = Total Oxidant Demand (lb) 

 

C = Contaminant Concentration in Groundwater (mg/l) = 4.2mg/l 

 

Qw = Quantity of Water (l) 

Qw  = remediation area x saturated thickness x porosity 

Qw =11,400 ft2 x 20 ft x 0.35 x 28.317 L/ft3 

Qw = 2,259,697 L 

 

S = Average Stoichiometric Demand (lb/lb) = 0.96 lb/lb 

 

Effective PNOD = Effective Permanganate Oxidation Demand (g/kg) 

Effective PNOD = 1.0 g/kg x 10% 

Effective PNOD = 0.1 g/kg 

 

Qs = Quantity of Soil (lb) 

 

Cf = Confidence Factor = 4 

 

For RemOx S (potassium permanganate), 

 

TR = [(4.2 mg/l x 2,259,697 L x lb/454,000mg x 0.96lb/lb) + (0.1g/kg x 

(11,400 ft2 x 20 ft x CY/27 ft3) CY x 1350kg/CY x lb/454g)] x 4   

 

TR = 10,124 lbs  
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For RemOx L (40% sodium permanganate solution), the oxidant demand is 

derived from the RemOx S demand as follows: 

 

TRemOx L = TR x (mol. wt. NaMnO4/mol. wt. KMnO4) / (0.4 lb  NaMnO4  per lb of 

solution) 

 

TRemOx L= (10,124 lb x (142g/mole/158g/mole))/ 0.4 

 

 

TRemOx L= (10,124 lb x 0.898)/0.4 

 

 TRemOx L = 22,728 lbs 

 

 

4. Oxidant Type  

 

Permanganate is available in two forms, namely, potassium and sodium 

permanganate.  Sodium permanganate will be used for remediation at this site 

based on the following:  1.) The quantity of permanganate solution injected for 

each injection event would be reduced since potassium permanganate is 

generally injected at about 2% by weight solution and sodium permanganate is 

injected at about 5 to 10% by weight solution. This reduction in the volume 

injected reduces the complexities associated with mixing and transportation of 

permanganate and reduces the time required for the injection.  This is a 

distinct advantage in the highly urban remediation area; and 2.) use of sodium 

permanganate eliminates concerns associated with Homeland Security 

requirements. In addition, injection of a 5% solution of sodium permanganate 

significantly reduces health and safety concerns associated with potential 

human or environmental exposure associated with higher concentrations of 

sodium permanganate.  Carus specifies that spills of sodium permanganate must 

be diluted to 6% or below to safely neutralize the spill and thereby protect 

human health and the environment.  In general, sodium permanganate solutions 

are very stable at concentrations of 6% or less and are much safer to work 

with. 
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5. Injection Volume 

 

The 40% sodium permanganate solution will be diluted to a 5% solution 

before delivery to the site or before injection. Based on data from other 

sites, the density of the 5% solution is approximately 8.65 lb/gal.  The 

volume of 5% solution to be injected is calculated as follows: 

 

Volume 5% Solution = 22,728 lb 40% Solution  x 0.4 lb NaMnO4 /lb 40% 

Solution x 20 lb H2O/lb NaMnO4 x gal 5% Solution/8.65 lb 5% Solution   

 

Volume 5% Solution = 21,020 gal  

 

6. Oxidant Injection Volume Design 

 

The oxidant will be injected in two equal-volume events, i.e. approximately 

10,500 gallons will be injected during each event.  Since there are 12 

injection locations with two wells (shallow and deep) at each location, 

approximately 440 gallons of 5% sodium permanganate solution will be 

injected into each well during each event.  

 

     7. Injection Duration 

 

Based on other sites with similar lithology, it is assumed that permanganate 

can be injected at an average rate of 8 gpm at each well although this rate is 

likely to vary depending on actual field conditions. On this basis, it will take 

about an hour to inject at each well.  If the contractor were to inject one 

well at a time, it is reasonable to assume that 4 wells could be completed in 

one day-so the total injection time would be 6 work days.  If the contractor 

used a manifold to inject three or more wells at one time, the injection could 

be completed in about two work days.    
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RemOx® S and L ISCO Reagents Estimation Spreadsheet

Estimates Units

Treatment Area Volume

Length 400 ft

Width 70 ft

Area 28000 sq ft

Thickness 20 ft

Total Volume 20741 cu yd

Soil Characteristics/Analysis

Porosity 35 %

Total Plume Pore Volume 1466182 gal

Avg Contaminant Conc 22 ppm

Mass of Contaminant 269.19 lb

PNOD 1 g/kg

Effective PNOD 10 %

Effective PNOD Calculated 0.1

PNOD Oxidant Demand 6160 lb

Avg Stoichiometric Demand 0.96 lb/lb

Contaminant Oxidant Demand 258.42 lb

Theoretical Oxidant Demand 6418.42 lb  

Confidence Factor 4

Calculated Oxidant Demand 25673.684

Injection Volumes for RemOx S

RemOx S Injection Concentration 2.0% %

Total Volume of Injection Fluid 153,827 gal

Pore Volume Replaced 0.10 %

Amount of RemOx S ISCO Reagent Estimated 25,674 pounds

Injection Volumes for RemOx L

RemOx L Injection Concentration 5.0% %

Calculated Specific Gravity 1.03717 g/ml

Total Volume of Injection Fluid 53,274 gal

Pore Volume Replaced 0.04 %

Amount of RemOx L ISCO Reagent Estimated 57,637 pounds

5,043 gallons

Input data into boxes with blue font.
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APPENDIX B 

OXIDANT SAFETY INFORMATION 

 



TASK HAZARD ANALYSIS 
 



 

 

HAZARD IDENTIFICATION 

Task Hazards 
Chemical Mixing, Handling 
and Storage 

Chemical exposure and/or release; lifting; heavy equipment; sharp objects; 
pinch points; fire hydrant considerations; and/or weather complications 

 

Chemical Hazards and Controls 

Potential Hazards Controls 

Potassium Permanganate (KMnO4) Engineering and Administrative: 
• Educate site personnel on site hazard communication procedures. 
• Potassium permanganate (KMnO4) is a strong oxidizer. 
• Contact of wet or dry concentrated material with skin my cause burns. 
• Contact of wet or dry concentrated material with combustibles may 

result in fire. 
• Exposure to KMnO4 slurry (e.g., wet oxidant solids), powder, or 

solution: 
• Exposure to eyes:  Flush with water from eye wash station or hose for 

at least 15 minutes, holding lids open.  Do not neutralize chemically.  
Seek medical attention immediately. 

• Exposure to skin:  Wash with water or neutralize chemically.  Remove 
contaminated clothing.  Seek medical attention if irritation is persistent 
or severe. 

• Inhalation:  Remove worker from contaminated area.  Resuscitate and 
seek medical attention if necessary. 

• Ingestion:  If conscious, give large quantities of water and seek medical 
attention.  Do not induce vomiting.  Never give anything orally to an 
unconscious person. 

• Store material in sealed containers under weatherproof protection away 
from combustible materials. 

• Mixing equipment must be assembled within secondary containment for 
the management of unexpected spills and /or releases. 

• Inspect equipment and hose connections prior to use. 
• Stay clear of pumps and mixing equipment. 
• Use enclosed handling and mixing systems. 
• Clearly label all containers and maintain handling instructions on site. 
• Refer to MSDS for additional information. 
• Perform activities upwind when dry chemicals are being handled. 
• A wind indicator shall be placed at the site to be used during material 

transfer activities (e.g., KMnO4).  Workers will locate themselves to 
be positioned up- or crosswind of material transfer activities (e.g., 
during material transfer of KMnO4 to the mixing rig).   

• Secondary containment is required for the mixing rig.  The secondary 
containment measures are recommended to separate equipment such 
that oxidant materials can be recovered for reuse or neutralization 
without contamination from other compounds (e.g., petroleum 



 

 

Chemical Hazards and Controls 

Potential Hazards Controls 
compounds used in energy supply equipment).  Permanganate should 
not be expected to treat non-target compounds (e.g., gasoline, 
hydraulic oil) used in equipment operations. 

• Applicable provisions of the subcontractors’ health and safety plan will 
be incorporated into the HASP as determined necessary by the project 
manager and field task leader. 

• Refer to SMS 2 Hazard Communication. 

Personal Protective Equipment: 
• Provide an ANSI approved eye-wash and plenty of wash water in the 

work area. 
• Wear safety glasses with side shields and gloves when around the 

fracturing rig. 
• The fracturing rig operator must utilize appropriate PPE to prevent and 

minimize eye and skin contact, and inhalation; this includes face shield, 
tyvek or similar apron with long sleeves, and long chemical gloves. 

• The subcontractor must visually screen all subcontractor employees 
on a routine basis for the proper use and maintenance of PPE to 
prevent chemical exposure (e.g., prolonged skin exposure causing 
chemical burns).   

Monitoring: 
• Visually monitor for dust when dry chemical is being handled. 
• Visually monitor wind indicator during dry material transfer or 

handling activities. 
• Visual and/or pressure monitoring for surfacing slurry and/or 

concentrated solution. 

Spill Response for KMnO4 • When slurry or concentrated solution is observed to be surfacing from a 
monitoring well, abandoned soil boring, or other conduit, collect as 
much of the material into an appropriate container (e.g., poly or metal 
bucket) for temporary storage and later reuse or neutralization.  
Collected material may be filtered to remove debris for later use. 

• Material spilled within the secondary containment around mixing 
and/or injection equipment will be collected and temporarily stored 
until reuse.  General housekeeping of the secondary containment must 
be conducted to prevent slips, trips, falls, and/or spread of oxidant 
material outside the secondary containment.  

• If neutralization is required, experienced personnel should be present 
for the neutralization of significant volumes of slurry. 

• Neutralization of concentrated material must not be performed in a 
small or enclosed container; a large container made of suitable 
material (e.g., poly or metal bucket) should be used if neutralization 
is required. 

• Neutralization of materials should be performed with an aqueous 
sodium thiosulfate solution; due to the exothermic (i.e., generating 
heat) nature of the reaction between KMnO4 and sodium thiosulfate, 



 

 

Chemical Hazards and Controls 

Potential Hazards Controls 
and the low solubility of both KMnO4 and sodium thiosulfate, the 
addition of powdered or granular sodium thiosulfate to slurry material 
(e.g., liquid mixture containing KMnO4 solids) should not be 
performed.   

• Other organic materials, such as mulch or garden soil can be mixed 
with slurry materials for neutralization at the ground surface (e.g., to 
facilitate visual appearance or general site housekeeping requirements).  
Note that some garden supply materials may be coated with 
preservatives or may individually react with the KMnO4 in a vigorous 
manner.  Prior to using any organic materials for neutralization, test a 
small volume of oxidant solution in a heat resistance open container 
(e.g., 5-gallon poly or metal bucket) to evaluate the reaction potential 
of neutralization. 

Sodium Thiosulfate • Minimize inhalation; remove to fresh air; seek medical attention for 
difficulty breathing. 

• Ingestion – induce vomiting immediately as directed by medical 
personnel.  Never give anything by mouth to an unconscious person.  
Get medical attention. 

• Minimize skin contact by using appropriate PPE; wash exposed area 
with soap and water.  Get medical advice if irritation develops. 

• Avoid eye contact; wash thoroughly with running water.  Get medical 
advice if irritation develops. 

• For neutralization of KMnO4 material see above section Spill Response 
for KMnO4. 

Hydrogen Peroxide (30%) • Minimize inhalation; Remove from exposure to fresh air immediately; 
seek medical attention for difficulty breathing.  If not breathing, give 
artificial respiration; do not give mouth-to-mouth respiration. 

• Ingestion – do not induce vomiting.  If victim is conscious and alert, 
give 2 to 4 cupfuls of milk or water.  Never give anything by mouth to 
an unconscious person.  Get medical attention immediately.  Call 
poison control center. 

• Minimize skin contact by using appropriate PPE; flush exposed area 
with soap and water for at least 15 minutes.  Remove contaminated 
clothing.  Get medical advice if irritation develops or persists.  Wash 
clothes before reuse 

• Avoid eye contact; immediately flush eyes with plenty of water for at 
least 15 minutes, occasionally lifting the upper and lower lids.  Get 
medical aid immediately. Do not allow victim to rub of keep eyes 
closed.  Extensive irrigation is required. 

• For use in neutralizing permanganate solution (e.g., dissolved in water 
or groundwater) or small amounts of KMnO4 solids, 3% to 12% 
hydrogen peroxide is recommended.  Hydrogen peroxide in 3% to 5% 
concentrations is typically available at grocery stores.  Mix 3% to 5% 
hydrogen peroxide with equal parts store bought vinegar (i.e., dilute 
acetic acid) to use as neutralizer.  



 

 

Chemical Hazards and Controls 

Potential Hazards Controls 

Acetic Acid (e.g., Vinegar) • Minimize inhalation; remove to fresh air; seek medical attention for 
difficulty breathing.  If not breathing, give artificial respiration. 

• Ingestion – do not induce vomiting.  Give large quantities or water of 
milk, if available.  Never give anything by mouth to an unconscious 
person.  Get medical attention. 

• Minimize skin contact by using appropriate PPE; wash exposed area 
with water for at least 15 minutes.  Remove contaminated clothing. Get 
medical advice if irritation develops or persists.  Wash clothing before 
reuse. 

• Avoid eye contact; immediately flush eyes with plenty of water for at 
least 15 minutes, occasionally lifting the upper and lower lids.  Get 
medical aid immediately.  Do wash thoroughly with running water.  
Get medical advice if irritation develops or persists. 

• For use in neutralizing permanganate solution (e.g., dissolved in water 
or groundwater) or small amounts of KMnO4 solids, dilute 
concentrations of acetic acid (i.e., vinegar), typically available at 
grocery stores, is recommended.  Mix vinegar (i.e., dilute acetic acid) 
with equal parts store bought hydrogen peroxide (i.e., 3% to 5% 
concentration) to use as neutralizer. 

 



 

 

 

MATERIAL SAFETY DATA SHEETS 



















 

 

                   THE SAFE USE AND HANDLING OF 
PERMANGANATE PRODUCTS 

 


































