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This work plan was prepared to present the technical approach for evaluating in- 
situ chemical oxidation using potassium permanganate as a potential source area 
and groundwater remedial alternative at Operable Unit 4 at the Naval Training 
Center, Orlando, Florida. The engineering evaluation and professional opinions 
rendered in this document were conducted or developed in accordance with commonly 
accepted procedures consistent with applicable standards of practice. 
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FOREWORD 

To meet its mission objectives, the U.S. Navy performs a variety of operations, 
some requiring the use, handling, storage, or disposal of hazardous materials. 
Through accidental spills and leaks and conventional methods of past disposal, 

.hazardous materials may have entered the environment in ways unacceptable by 
today's standards. With growing knowledge of the long-term effects of hazardous 
materials on the environment, the Department of Defense (DOD) initiated various 
programs to investigate and remediate conditions related to suspected past 
releases of hazardous materials at their facilities. Two of these programs are 
the Installation Restoration (IR) program and the Base Realignment and Closure 
(BRAC) program. 

The IR program complies with the Base Closure and Realignment Act of 1988 (Public 
Law LOO-526,102 Statute 2623) and the Defense Base Closure and Realignment Act 
of 1990 (Public Law 101-510, 104 Statute [1808]), which require the DOD to 
observe pertinent environmentallegalprovisions of the Comprehensive Environmen- 
tal Response, Compensation, and Liability Act, Executive Order 12580, and the 
statutory provisions of the Defense Environmental Restoration Program, the 
National Environmental Policy Act, 
natural and cultural resources. 

and any other applicable statutes that protect 

Originally, the Navy's part of this program was called the Naval Assessment and 
Control of Installation Pollutants (NACIP) program. 
NACIP process and terminology. 

Early reports reflect the 
The Navy eventually adopted the program structure 

and terminology of the standard IR program. 

The IR program is conducted in several stages as follows: 

. Preliminary Assessment (PA), 

. A Site Inspection (SI) (formerly the PA and SI steps were called the 
Initial Assessment Study under the NACIP program), 

. Remedial Investigation and Feasibility Study (RI/FS), and 

. Remedial Design and Remedial Action. 

The goal of the BRAG program is to expedite and improve environmental response 
actions to facilitate the disposal and reuse of a BRAG installation while 
protecting human health and the environment. 

NTC-OU4.WP3 
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The Southern Division, Naval Facilities Engineering Command (SOUTHNAVFACENGCOM) , 
the U.S. Environmental Protection Agency (USEPA), and the Florida Department of 
Environmental Protection (FDEP) collectively coordinate the cleanup activities 
through the BRAC cleanup team, called the Orlando Partnering Team (OPT), in 
Orlando. This team approach is intended to foster partnering, accelerate the 
environmental cleanup process, and expedite timely, cost-effective, and 
environmentally responsible disposal and reuse decisions. 

Questions regarding the BRAC program at Naval Training Center, Orlando should be 
addressed to the SOUTHNAVFACENGCOM BRAC Environmental Coordinator, Mr. Wayne 
Hansel, Code 18B7, at (407) 895-6714 or SOUTHNAVFACENGCOMEngineer-in-Charge, Ms. 
Barbara Nwokike, Code 1873, at (843) 8205566. 
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EXECUTIVE SUMMARY 

Operable Unit (OU) 4 is composed of Study Areas 12, 13, and 14 at Area C. 
Building 1100, located in Study Area 13, was constructed in 1943 and was used as 
a laundry and dry-cleaning facility, serving the entire military base. 

A plume of chlorinated solvent contaminated groundwater originating from the area 
around Building 1100 and migrating into the adjacent Lake Druid was identified 
during site investigations conducted at OU 4. Volatile organic compounds (VOCs) 
detected in groundwater and surface water from Lake Druid included tetrachlor- 
oethene (PCE), trichloroethene (TCE) , cis-1,2-dichloroethene (DCE), trans-1,2- 
DCE, 1,1-DCE, and vinyl chloride (VC). Source areas appear to be multiple and 
are likely located adjacent to and beneath Building 1100. An Interim Remedial 
Action (IRA), .consisting of two recirculation wells, has, been implemented to 
intercept and treat the majority of the contaminated groundwater before reaching 
Lake Druid. 

At OU 4, an initial technology screening evaluation was conducted to evaluate 
remedial options for contaminated groundwater and source area treatment. 
Remedial technologies that were identified for potential treatability study at 
OU 4 include phytoremediation; air sparging; in situ chemical oxidation; and 
natural attenuation. This work plan was prepared as part of the treatability 
study process to present the technical approach for evaluating in situ chemical 
oxidation using potassium permanganate (KMnO,) at OU 4. 

In-situ chemical oxidation was selected based on the type of contaminants present 
in the groundwater (PCE and its degradation products) and the ability of KMnO, 
to readily oxidize these compounds. If successfully piloted, in-situ chemical 
oxidation could be used for source removal and to treat areas 
concentrations of VOCs in groundwater. 

with high 

This work plan presents the technical scope of work and schedule for conducting 
fieldwork to determine if in-situ chemical oxidation is a feasible technology for 
ou 4. The pilot study is intended to determine if site-specific conditions may 
inhibit or prohibit the use of in situ chemical oxidation at OU 4, and to 
establish necessary design and performance criteria for full-scale implementa- 
tion. These criteria include the ability to create and maintain a groundwater 
circulation cell, the optimum KMnO, aqueous concentration required to oxidize the 
OU 4 source area VOCs, and the maximum reduction of groundwater VOC concentra- 
tions achievable with this technology. 

A preliminary evaluation of this technology performed in the Draft Final OU 4 
Feasibility Study (FS) (Harding Lawson Associates [HI.&, 1999a) suggested KMnO, 
oxidation was an attractive remedial alternative. However, the evaluation was 
based on performance and cost assumptions derived from case studies. This pilot 
study will establish design parameters for KMnO, oxidation at OU 4, allowing a 
more accurate re-evaluation of the technology in the Final OU 4 FS. 
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1.0 INTRODUCTION 

Harding Lawson Associates, Inc. (HLA), under contract to Southern Division, Naval 
Facilities Engineering Command (SOUTHNAVFACENGCOM), has prepared this work plan 
for an in-situ chemical oxidation pilot study at Operable Unit (OU) 4, at the 
Naval Training Center (NTC), Area C, in Orlando, Florida. This work plan has 
been prepared under contract number N62467-89-D-0317/135. 

Remedial technologies that may be effective in treating groundwater contaminated 
with volatile organic compounds (V0C.s) at OU 4 have been screened for evaluation 
in the Draft Final OU 4 Feasibility Study (FS) (HLA, 1999a). 
require additional information regardingperformance, 

Technologies that 
implementability, <and full- 

scale cost to adequately perform a feasibility assessment have been recommended 
for further evaluation during treatability studies. 

Remedial technologies that were identified for potential treatability studies at 
OU 4 include phytoremediation; air sparging; in situ chemical oxidation; and 
natural attenuation. Natural attenuation (HLA, 1998a) and air sparging (ABB 
Environmental Services, Inc. [ABB-ES], 1998a; HLA, 1999a) have already been 
evaluated. This work plan was prepared as part of the treatability study process 
to present the technical approach for evaluating in-situ chemical oxidation with 
potassium permanganate (EMnO,) at OU 4. 

This work plan has incorporated elements of the Project Operations Plan (POP) 
(ABB-ES, 1997a), which contains the requirements of a Quality Assurance Project 
Plan, Health and Safety Plan, and elements of a Field Sampling Plan (FSP) related 
to sampling equipment, procedures, and sample handling and analysis. Other FSP 
elements specific to this site, including sampling objectives and sample location 
and frequency, will be addressed in this work plan. A site-specific addendum to 
the health and safety plan found in the POP is included as an Appendix to this 
document. 

1.1 SITE DESCRIPTION. OU 4 is composed of Study Areas 12, 13, and 14 at Area C 
(Figure l-1 and l-2). Building 1100, located in Study Area 13, was constructed 
in 1943 and was used as a laundry and dry-cleaning facility, serving the entire 
military base. 
undeveloped. 

Prior to construction of the facility in 1943, the land was 
The laundry was closed in 1994. Building 1100 (the laundry) was 

identified as a site where releases of hazardous materials had occurred!. 

Several investigations have already occurred at OU 4, either under the Base 
Realignment and Closure (BRAC) Act site screening program or under subsequent 
efforts to characterize the contamination discovered during the site screening. 
Results from the investigations conducted at OU 4 to date are summarized in the 
OU 4 Remedial Investigation (RI) Workplan (ABB-ES, I997b) and the Draft Final RI 
Report (HLA, 1998b). 

These efforts have identified a plume of chlorinated solvent-contaminated 
groundwater originating from the area 
migrating 

around the former base laundry and 
into the adjacent Lake Druid. Contour lines illustrating the 

approximate defined boundary of the 100 parts per billion (ppb) total VOCs are 
shown on Figure l-3. VOCs detected in groundwater and surface water from Lake 
Druid included tetrachloroethene (PCE), trichloroethene 
dichloroethene (DCE), trans-1,2-DCE, 

(TCE), cis-1,2- 
l,l-DCE, and vinyl chloride (VC). Source 

areas appear to be multiple and are likely located adjacent to and beneath the 
former laundry, Building 1100. The approximate extent of the suspected multiple 
source areas is also shown on Figure l-3. No source area associated with the 
southern portion of the plume has been identified. Because VOC concentrations 
are several orders of magnitude lower than in the northern plume, the source was 
likely a small release that has either been depleted or removed. 

An Interim Remedial Action (IRA), consisting of two recirculation wells (WB-1 
and WB-2, locations shown on Figure l-3), has been implemented to intercept and 
treat the majority of the contaminated groundwater before reaching Lake Druid. 
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Although the IRA has required considerable maintenance and has encoun:ered 
several periods of down time, groundwater data from the edge of Lake Druid has 
shown considerable reductions in VOCs. The last round of groundwater sampilng 
(January 1999) found groundwater VOC concentrations in two points adjacent to the 
lake were below Florida Surface Water Standards for the first time. IRA 
operation has been summarized in four quarterly reports (I-LA, 1998c, 1999b, 
1999c, 1999d). 

Based on the OU 4 Focused Field Investigation (ABB-ES, 1996a), the source 
investigation (ABB-ES, 1997c), and the OU 4 RI (HLA, 1998133, the chlorinated 
solvent groundwater plume ranges from approximately 4 to 45 feet below land 
surface Ibis) with total VOCs in excess of 30 milligrams per liter (mg/P) in the 
source area(s), and up to approximately 6 mg/P between the laundry and Lake 
Druid. The depth of the plume 
approximately 30 to 35 feet bls. 

in the source area shown on Figure 1-3 is 
The water table between Lake Druid and the 

laundry varies seasonally from less than 1 foot to 4 feet bls. 

The soil density of the surficial aquifer typically ranges from medium dense to 
dense, with the exception of a hard layer (very dense) approximately 15 to 20 
feet bls, with varying thickness of 2 to 5 feet. However, this hard layer does 
not act as a hydraulic or chemical confining layer or barrier. 

Analysis of pumping test data indicated that the surficial aquifer can be 
separated into two zones. From the groundwater surface to approximately 20 to 
25 feet bls, the horizontal hydraulic conductivity is about 10 ft/day. Below 
that point to approximately 55 feet bls, 
is about 40 ft/day. 

the horizontal hydraulic conductivity 
In both zones the vertical hydraulic conductivity was 

determined to be about three times lower than the horizontal hydraulic 
conductivity. 

1.2 EVALUATION OF IN SITU CHEMICAL OXIDATION AS A REMEDIAL ALTERNATIVE. In-situ 
chemical oxidation involves the injection of a chemical oxidant into the source 
zone. The contaminant is destroyed through contact with the chemical oxidizer. 
Byproducts include carbon dioxide, water, and chloride (when chlorinated 
compounds are oxidized). The oxidation is non-specific, and all compounds 
present that can be oxidized by a given reagent will react. In-situ chemical 
oxidation holds particular promise when applied to chlorinated solvent sites such 
as OU 4. Chlorinated solvents can be slow to biodegrade, and in cases where 
residual source material is present, can require many decades to remediate using 
conventional technologies such as pump and treat. However, 
(particularly those with double bonds, such as PCE, 

chlorinated cclmpounds 

destroyed when contacted with chemical oxidants. 
TCE, DCE, etc) are readily 

There are two common chemical oxidants typically used for in-situ treatment. One 
uses hydrogen peroxide through a Fenton's reagent reaction catalyzed by iron. 
This process typically requires the injection of an acid solution to lower 
groundwater pH, followed by a ferrous sulfate catalyst and hydrogen peroxide. 
The oxidation of PCE proceeds as follows: 

C,Cl, + 3H,O, - - - - - - - - > 2C0, + 2H,O +2H+ + 4Cl- 

This reaction is highly exothermic and also produces quantities of oxygen from 
the decomposition of excess hydrogen peroxide. The reactants are unstable and 
short-lived. This process has been commercialized and is offered by iseveral 
firms that specialize in this technology. 

KMnO, has also been shown to be an effective oxidant for PCE and TCE (Schnarr et 
al, 1997; Hood et al, 1998; West et al, 1997). 
injected or flushed through the source area. 

An aqueous solution of KMnO, is 

oxidation of PCE is as follows: 
The basic stoichiometry f!or the 

CzC1, + 2KMn0, --------> 2C0, + 2K' + 4Cl- + 2MnO,(solid) 
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This reaction does not generate excess heat and the reactant is long-lived, 
allowing it to be flushed through a source area by pumping to maximize contact 
with the contaminant zone. KMnO, has also been shown to be more effective at 
oxidizing PCE and TCE than the Fenton's process (West et al, 1997). 

1.3 PURPOSE OF THE IN-SITU CHEMICAL OXIDATION PILOT TEST. This work plan 
presents the technical scope of work and schedule for conducting fieldwork to 
determine if in-situ chemical oxidation with KMnO, is a feasible technology to 
effectively oxidize the OU 4 source area and reduce the concentrations of VOCs 
in groundwater. A preliminary evaluation of this technology performed in the 
Draft Final OU 4 FS (HLA, 1999a) suggested KMnO, oxidation was an attractive 
remedial alternative. However, the evaluation was based on performance and cost 
assumptions derived from literature experience. This pilot study will establish 
design parameters for KMnO, oxidation at OU 4, allowing a more accurate re- 
evaluation of the technology in the Final OU 4 FS. 

1.4 IN-SITU CHEMICAL OXIDATION PILOT TEST OBJECTIVES. The objective of the 
chemical oxidation pilot test is to provide site-specific data supporting 
assessment of this alternative in the Final OU 4 FS. Site-specific parameters 
to be evaluated during the pilot test are as follows: 

1. 

2. 

ability to create and maintain groundwater circulation cell 

optimum KMnO, aqueous concentration required to oxidize the OU 4 
source area VOCs 

3. ability to treat source area VOCs both above and below the layer of 
dense sand 

4. maximum reduction of groundwater VOC concentrations achievable with 
this technology 

1.5 ORGANIZATION OF THE IN-SITU CHEMICAL OXIDATION WORK PLAN. The remainder of 
this work plan presents the pilot-test design, the test procedure and types of 
data to be collected, the methodology of the field and analytical programs, and 
methodology for data analysis and interpretation. 

NTC.OU4.WP3 
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2.0 PILOT TEST IMPLEMENTATION 

This chapter will describe conceptual design, the layout, and necessary equipment 
to perform the KMnO, oxidation pilot test. The test layout and well installation 
will be described followed by the description and arrangement of other necessar> 
equipment. At the conclusion of this chapter, site closure and demobilization 
activities will be discussed. 

2.1 POTASSIUM PERKANGANATE (ICI&O,) BENCH-SCALE EVALUATIONS. Two bench-scale 
evaluations were performed prior to recommending KMnO, as a technology suitable 
for piloting. Contaminated OU 4 groundwater was dosed with various concentra- 
tions of KMnO, to observe the rate of PCE and TCE oxidation. Saturated soil 
samples from the OU 4 source area were also treated with a KMnO, solution to 
establish oxidant demand by naturally occurring organics in site soils. 

2.1.1 Bench-Scale Oxidation Rate Evaluation Contaminated groundwater was 
collected from an OU 4 source area well (OLD-13-07A) and shipped to Carus 
Chemical, in Peru, Illinois. Carus is the sole domestic producer of KMnO,, and 
maintains a treatability laboratory for evaluation of KMnO, applications. 

PCE and TCE concentrations were measured prior to KMnO, addition, and then one 
hour and two hours after addition of various concentrations of KMnO,. 
concentrations ranged from 100 mg/P to 4,000 mg/!. 

KMnO, 
These data were combined with 

the results of another rate evaluation performed by Carus for a non-Navy PCE site 
in Florida managed by the HLA office in Tallahassee. These data are all included 
in Appendix B. 

The bench-scale data provided a means to relate the decrease in PCE concentration 
(expressed as a ratio of PCE concentration over initial PCE concentration) as a 
function of time and KMnO, concentration. 
in Figure 2-1. 

The results are presented graphically 
Only PCE was used in this graph, as the reaction kinetics favor 

TCE oxidation. The TCE oxidized very quickly after addition of KMnO,. The rate 
of PCE oxidation will be the limiting step. 

The pilot test approach calls for extraction of source area groundwater, addition 
of KMnO,, and then reinjection (see below). In this situation, Florida rsequires 
that Maximum Concentration Limits (MCLs) be achieved prior to reinjection of the 
treated groundwater. Figure 2-1 can now be used to determine the rate constant 
for the reaction of PCE at various KMnO, concentrations. The rate constant can 
then be used to predict treatment system performance prior to reinjection (see 
subsection 3.2.1). 

2.1.2 Bench-Scale Soil KMnO, Demand Because the injected KMnO, will oxidize 
most organic material present, the KMnO, demand of site soils could consume 
enough KMnO, that this process would not be economical at OU 4. To evaluate this 
potential, two saturated soil samples (from approximately 10 feet bls) were 
collected from the area proposed for the pilot study and submitted to Carus for 
a KMnO, demand test. Split samples were also submitted to an analytical 
laboratory for total organic carbon (TOC) analysis. 
included in Appendix B. 

Results of both analyses are 

The KMnO, demand was determined by adding site soil to a solution of KMnO, with 
a known concentration. After 30 minutes, 
was remeasured. 

the concentration of KMnO, in solution 
The before and after difference in KMnO, concentrations is the 

KMnO, demand of the soil. 

The KMnO, demand of the two soil samples collected from OU 4 was 588 mg/f' and 359 
mg/f, and the associated TOC concentrations were 3,000 milligrams per kilogram 
(mg/kg) and 1,200 mg/kg, respectively. These values contrast to the 8,400 mg/P 
KMnO, demand for soil from the Tallahassee site mentioned in Subsection 2.1.1. 
The comparably low KMnO, demand for OU 4 soil suggests most of the injected KMnO, 
will remain available to oxidize VOCs. 
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2.2 IN-SITU CHEMICAL OXIDATION CONCEPTUAL DESIGN. 
study required selection 

Development of the pilot 
of a pilot study location, hydraulic modeling to 

determine the number and location of extraction and injection wells, design of 
the groundwater extraction and KMnO, feed system, and the design of a groundwater 
monitoring plan to evaluate the in-situ oxidation performance. 

2.2.1 Pilot Study Location The OU 4 groundwater VOC plume and suspected source 
area are shown on Figure 1-3. The majority of the source area is believed to be 
located beneath Building 1100. However, the source area does extend beneath a 
paved area off the northwest corner of Building 1100, north of the surge tank. 
PCE has been detected in groundwater in this area at concentrations exceeding 
25,000 micrograms per liter (fig/J). Several groundwater monitoring points (GMPs) 
from the unsuccessful air sparging pilot study (HLA, 1999a) are also located in 
this area, and can be used to monitor VOC and KMnO, concentrations during the 
pilot study. 

Because of the accessibility of this area, the high VOC concentrations, and the 
presence of several suitable monitoring points, 
at this location. 

the KMnO, pilot study will occur 

2.2.2 Hydraulic Mcdelinq The hydrogeology of the pilot test location was 
modeled using Visual MODFLOW. Aquifer parameters were those developed by the 
United States Geological Survey (USGS, 1998) from the OU 4 IRA Pumping Test 
(ABB-ES, 1996333. A two-layer model was used, consistent with the USGS findings - 
a shallow zone (0 to 20 feet bls) with a horizontal hydraulic conductivity of 10 
feet per day (ft/day), and a deeper zone (20 to 60 feet bls) with a horizontal 
hydraulic conductivity of 40 ft/day. Modeling details are included in 
Appendix C. 

Various extraction and injection well scenarios were evaluated to determine the 
number of wells and the extracted/injected groundwater flowrate necessary to 
establish a recirculation cell across the accessible source area. Particle 
tracking was also used to estimate KMnO, 
layers. 

travel times for the shallow and deep 

The modeling determined that three extraction and three injection wells were 
necessary to optimize the chemical oxidation recirculation cell (Figure 2-2). 
The extraction wells are located on the downgradient end of the recirculation 
cell, on Port Hueneme Avenue. The wells are oriented north-south on lo-foot 
centers. The injection wells are located 65 feet upgradient (east) Iof the 
extraction wells, and are also set on lo-foot centers. The extraction wells will 
consist of 4-inch inside diameter (ID) polyvinyl chloride (PVC) riser with a 20 
foot screen, set to a depth of 30 feet bls. 
identical, 

The injection wells wf~ll be 
with the exception of 25 foot screens to help ensure complete 

distribution of the KMnO, solution. A suitably sized recirculation cell can be 
established by extracting and injecting approximately 5 gallons per minute (gpm) 
total, 
pairs. 

distributed equally among each of the three extraction/injection well 

At this flow rate, the travel time between the middle extraction/injection well 
pair will be approximately 160 days in the shallow aquifer, and 40 days in the 
deep aquifer. Varying pumping rates and the number of e.:traction/injection wells 
did not significantly reduce the necessary travel time. 

2.2.3 ICMnO, Physical Properties KMnO, is a manufactured product, consisting of 
dark purple or bronze-like rhombic crystals. 
Illinois is the only domestic producer of KMnO,. 

Carus Chemical Company in Peru, 

in the drinking water, wastewater, 
KMnO, has a long history of use 

and chemical manufacturing industries. In 
potable water applications, KMnO, oxidizes iron, manganese, and hydrogen sulfide. 
It controls taste and odor problems, and is a pre-oxidant for trihalomethane 
control. 

Carus manufactures KMnO, in several different grades. For the OU 4 pilot study, 
mno, will be purchased in 330 pound drums in either a free-flow or United States 
Pharmacopoeia CUSP) grade. The powdered KMnO, will be mixed with extracted 
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groundwater prior to reinjection into the source area. The aqueous solubility 
of KMnO, is approximately 60 grams per liter (g/P) at 2OC, but the concentrations 
used for the pilot study will be considerably less (see Subsection 3.2.1). 
Additional ICMnO, physical property data can be found in Appendix B, and storage 
and handling requirements are included in the health and safety plan addendum in 
Appendix A. 

2.2.4 KMnO, Injection ADDroval In addition to potassium and manganese, KMnO, 
solutions will also contain various other inorganics that were present in the raw 
manganese ore after mining. In some cases, concentrations of these metals in the 
KMnO, solution will exceed Florida secondary drinking water quality standards as 
set forth in Rules 62-550.310 and 62-550.320, Florida Administrative Code 
(F.A.c.). This can present an obstacle with respect to reinjection into the 
aquifer at OU 4, which is classified as a Florida Class G-II aquifer. 

Rule 62-522.300(l), F.A.C. provides that: 

No installation shall directly or indirectly discharge into groundwater any 
contaminant that causes a violation in the water quality standards and criteria 
for the receiving groundwater as established in Chapter 62-520 except within a 
zone of discharge established by permit or rule pursuant to this chapter. 

Furthermore, Rule 62-522.300(2) (a), F.A.C. provides that: 

(2) No zone of discharge shall be allowed under any of the following circum- 
stances: (a) Discharges through wells or sink holes that allow direct contact 
with Class G-I or Class G-II groundwater, except projects designed to recharge 
aquifers with surface water of comparable quality, or projects designed to 
transfer water across or between aquifers of comparable quality for the purpose 
of storage or conservation. 

On June 7, 1999, HLA petitioned the Florida Department of Environmental 
Protection (FDEP) Office of General Counsel for a variance from Rule 62-522.300- 
(2)(a) to allow injection of KMnO, for the OU 4 pilot study. On September '3, 
1999, the variance was granted by the department under Rule 62-520.500, F.A.C., 
allowing a maximum KMnO, concentration of 7.6 g/P for the Free-Flow solution, and 
11.6 g/P for the USP solution. The variance information and the KMnO, inorganic 
compositions for the various grades are included in Appendix D. 

2.2.5 Pilot Study Feed System A schematic of the KMnO, feed system is shown on 
Figure 2-3. A single centrifugal pump will be used at the surface to extract 
groundwater from all three extraction wells. The three extraction wells will be 
piped in parallel to the extraction pump. Flow meters and valves on each 
extraction well will be provided to equalize the flow from each well. 

The extraction pump will pump groundwater to the KMnO, feed system. The feed 
system will consist of two Merrick Industries Omega DrumInvert Series 82-50 drum 
inverters fitted with Model 25-07 Helix Feeders 
dissolvers (see Appendix E) or equivalent. 

and polyethylene washdown 

in series, 
The two drum inverters will be piped 

and wired so that the second feeder begins operating once the first 
KMnO, drum is empty. This arrangement will reduce the frequency of KMnO, drum 
changeouts and help ensure the system never runs out of KMnO,. The control 
system will be designed to shut down the entire system should both drums of KMnO, 
be depleted. 

After addition of the KMnO,, 
mixing tanks piped in series. 

the groundwater will be pumped to two 1,600-gallon 
Each open-top tank will be fitted with an electric 

mixer to ensure complete dissolution of the KMnO,, 
first tank is expected to be necessary. 

although only the mixer in the 
The mixing tanks will also provide the 

necessary residence time to ensure the VOCs in the extracted groundwater have 
been oxidized to concentrations below the Florida MCL. 
of 5 gpm, 

At the expected flowrate 
the two tanks will provide an average total residence time of 10 hours 

before the treated groundwater is reinjected. A further discussion of mixing 
tank operation and reaction kinetics can be found in subsection 3.2.1. 
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The KMnO, oxidation reaction produces insoluble particulates of Mn02. Other 
insoluble inorganic oxides may also be produced from the oxidation of inorganics 
(such as iron) that are present in the groundwater. The inorganic particulates 
will be filtered out of the treated groundwater prior to reinjection. The 
filtrationwillbe accomplished with two cartridge filters installed in parallel 
after the reinjection pump. Each filter housing will contain 14 cleanable filter 
cartridges. 

Calculations (see Appendix F) have estimated that the VOCs and inorganics in 
extracted groundwater will consume the KMnO, at a rate of only 0.1 g/P. The 
initial KMnO, dosage will be much higher (see Subsection 3.2.1), leaving the 
majority of the added RMnO, available for the in-situ oxidation. 

Groundwater will be reinjected using a variable speed, positive displacement pump 
located between the cartridge filters and the last mixing tank. The positive 
displacement pump will ensure the reinjection rate will remain constant, even as 
the discharge pressure on the pump increases due to filter clogging. Reinjection 
rates to each reinjection well will be balanced using flowmeters and valving. 

The mixing tanks will be fitted with appropriate level controls to prevent 
overflow and maintain a constant reinjection of treated groundwater. This will 
like1 be accomplished by temporarily shutting off the groundwater extraction 
PumP 4: ased on a high level signal from the second mixing tank. 

Drums of KMnO, will be stored in Building 1100. The City of Orlando Fire 
Department has inspected the building and is expected to grant a permit for 
storage. The drum inverters and Helix Feeders will also be located within the 
building. It is expected that the pumps, mix tanks, and filter will be located 
outdoors, although it may be possible to mount the entire feed system on a 
trailer located within Building 1100. An 8-foot hi h 
erected to surround the GMPs and any components of t fi 

chain link fence will be 
e 

outdoors. 
treatment system located 

2.3 PILOT STUDY MONITORING PLAN. Groundwater and KMnO, feed system monitoring 
will be necessary to track the progress of the source area remediation, and to 
confirm that organic and inorganic 
groundwater are not exceeded. 

regulatory limits in the reinjected 
Because travel times in the shallow and deep 

portions of the surficial aquifer are different, 
will be required for each zone. 

a separate monitoring program 

2.3.1 Shallow Zone Groundwater Monitoring The Visual MODFLOW particle tracks 
were used to establish GMP locations and sampling frequency (Figure 2-4). Arrows 
indicate flow direction, 
tracks. 

and are located at 20 day intervals along the particle 
The estimated number of days before the injected KMnO, reaches each 

monitoring point are also shown. 

The monitoring plan utilizes several existing GMPs that were previously installed 
in this area (GMP-7 through GMP-10). These consist of 0.5-inch-ID PVC risers 
with 3-foot 0.010 slot screens prepacked with 20/40 silica sand, installed via 
direct-push (TerraProbe'") to approximately 18 feet bls (Figure 2-4). Monitoring 
well OLD-13-07A is also part of the monitoring plan. This well is constructed 
of 2-inch-ID PVC riser with 15 feet of machine slotted screen, and a total depth 
of 18 feet. 

Several additional monitoring points (GMP-11 through GMP-16) will be installed 
at the proposed locations shown on Figure 2-4. The proposed locations were 
selected to provide monitoring points at additional elapsed time intervals than 
are available using only the existing points. Two of the new locations ((GMP-12 
and GMP-13) are also located perpendicular to groundwater flow paths to mionitor 
the distribution of KMnO, across the width (north-south) of the treatment cell. 
One monitoring point (GMP-17) will also be installed downgradient of the 
treatment cell to confirm containment of the KMnO,. 
will be identical to the existing GMPs, 

These new monitoring points 
with the exception of g-foot screens 
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instead of 3-foot screens (Figure 2-5). Total depth will be 18 feet, No 
permanent surface completionwillbe used in order to simplify future abandonment 
procedures. 

The majority of the monitoring points are located through the center of the 
treatment cell, as groundwater travel times are shortest and so the effectiveness 
of the KMnO, injection will be more easily observed, A contaminant cross-section 
through several of the existing monitoring points (using previously collected 
data) is shown on Figure 2-6. 

2.3.2 Deep Zone Groundwater Monitoring The monitoring point locations for the 
deep portion of the surficial aquifer are also based on Visual MODFLOW particle 
tracks (Figure 2-7). Travel times in this zone are much shorter than in the 
shallow zone because of the higher hydraulic conductivity. One pore volume can 
be flushed through the center of the treatment cell in approximately 40 days. 

Existingmonitoringwells OLD-13-42B andOLD-13-41B are expected to intercept the 
injected KMnO,, 25 days and 50 days after injection, respectively. These wells 
are constructed of 2-inch-ID PVC riser and 5 feet of machine-slotted PVC screen, 
and are set 28 feet bls. 

Three additional monitoring wells will be installed at the proposed loc.ations 
shown on Figure 2-7. Monitoring wells OLD-13-44B and OLD-13-45B will be 
installed to intercept the KMnO, 10 days and 20 days after injection, respective- 
ly* Monitoring well OLD-13-46B will be paired with GMP-17 to confirm containment 
of the KMnO, in the lower zone. These three wells will be constructed of 
2-inch-ID PVC riser with 10 feet of machine-slotted screen, and set to a depth 
of 30 feet bls. 

Existin 
& 

deep monitoring wells OLD-13-08C (screened from 57 to 62 feet bls) and 
OLD-13- 3C (screened from 45 to 50 feet bls) will be monitored for KMnO, 
beginning approximately 30 days after startup. This monitoring is intended to 
locate KMnO, that may have unexpectedly migrated downward beneath the intended 
circulation cell. 

2.3.3 Well Installation and Development The GMPs will be installed using a 
direct-push technology via HLA 's TerraProbesM. 
accomplished using a peristaltic pump. 

Development of the GMPs will be 
Pump tubing shall be lowered to the 

bottom of the well so that fines are agitated and removed from the well in the 
development water. Development shall continue until a minimum of 10 well casing 
volumes of water are removed from the well and the pH, temperature, specific 
conductivity, and redox potential of the groundwater have stabilized. Well 
development investigation-derived waste (IDW) will be collected and stored. 
Refer to the NTC, Orlando POP for further details about development procedures 
and IDW management (ABB-ES, 1997a). 

The extraction/reinjection well pairs will be installed by RotosonicSM 
(preferred) or hollow-stem auger drilling. The six extraction/reinjection wells 
will be constructed using 4-inch-ID PVC flush-threaded, Schedule 40 PVC riser 
with 20 feet (extraction) or 25 feet (reinjection) of 0.030 slot PVC well screen. 
The bottom of the well screen shall be set 30 feet bls. A five foot sump shall 
be placed at the bottom of the screen for capturing sediment that may enter the 
wells during operation. The filter pack will be placed in the annular space 
around the well screen from the bottom of the borehole to at least 2 feet above 
the screen using the tremie method. 
clean silica sand. 

The filter packmaterial shall be 6/20 grade 
Screen slot size and filter pack grade are based on grain 

size analyses of soils previously collected at OU 4 (Appendix G). 

A 2-foot thick bentonite seal will be installed above the filter pack and will 
be allowed sufficient hydration time. A fine sand "cap" (30/65 standard sand) 
will be placed at least 1 foot above the bentonite seal to provide a b,uffer 
support for the uncured grout column. A grout mixture of neat cement and 2 to 
4 percent bentonite powder will be placed by tremie method from the top of the 
fine sand cap to within 2 feet of ground surface. Each extraction/reinjelction 
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well will be completed using a flush mounted protective steel casing set in a 3 

0 
foot by 4 foot by 6 inch thick concrete pad. Further well installation details 
can be found in the NTC, Orlando POP (ABB-ES, 1997a). 

* 
Thorough development of the extraction/reinjection wells will be critical to 
ensure adequate performance. Development of these wells will follow a 
performance-based approach. Each well will be surged with a surge block, and 
then pumped while measuring specific capacity. These steps will be repeated 
until the specific capacity stops changing, and the pumped water is clear. The 
wells will then be surged and pumped harder. These cycles will be repeated until 
the specific capacity has stabilized and the extracted water is clear. Well 
development IDW will be collected and stored. Refer to the NTC, Orlando POP for 
further details about development procedures and IDW management (ABB-ES, 1997a). 

The three new monitoring wells will be installed using the same method as the 
extraction/reinjection wells. 
2-inch-ID, 

These monitoring wells will be constructed using 
PVC flush-threaded, Schedule 40 PVC riser with 0.020 slot PVC well 

screens. The bottom of the well screens will be set at 30 feet bls. The filter 
pack material shall be a 20/30 clean silica sand. No sump will be required in 
these wells, but otherwise the construction and completion details will be 
identical to the extraction/reinjection wells. 

Development of the monitoring wells will be based on stabilization of well 
parameters and total volume purged. Well development IDW will be collected and 
stored. Refer to the NTC, Orlando POP for further details about development 
procedures and IDW management (ABB-ES, 1997a). 

2.3.4 Groundwater Elevation Survey The horizontal and vertical coordinates of 
the GMPs and monitoring wells associated with the pilot study will be surveyed 
by a Florida-licensed surveyor. The elevation of groundwater shall be determined 
by subtracting the depth of water below top of casing (TOC) from the elevation 
at the TOC. At least one round of water-level measurements will be taken from 
all wells associated with the pilot study prior to startup. 

After startup, water levels will be measured weekly in shallow anid deep 
monitoring points near the extraction and injection wells, within the treatment 
cell itself, and in downgradient monitoring points GMP-17 and OLD-l.3-46B. 
Background water levels will be measured in monitoring wells OLD-13-OlA and OLD- 
13-40B, located on the north side of Building 1100, approximatley 200 feet 
northeast of the pilot study. These two wells are outside the area to be 
influenced by the pilot study, and will provide data to define regional water 
level trends. Water levels within and near the circulation cell will be used to 
compare actual with expected hydraulic performance. The Orlando Partnering Team 
(OPT) will discuss and approve any required operational changes suggested by the 
water level data. 

2.3.5 Performance Monitorinq Proqrarn A monitoring program has been developed 
to measure changes in source area VOC concentrations, to monitor the migration 
and in-situ consumption of the EMnO, solution, to evaluate changes to groundwater 
inorganic concentrations due to the KMnO, injection, and to ensure VOCs have been 
oxidized adequately in the mix tanks and the terms of the underground injection 
variance are met. 

If the KMnO, successfully oxidizes OU 4 source area VOCs, the pilot study will 
operate for up to 120 days. This duration will ensure that oxidation system 
parameters can be optimized for full-scale implementation, and most (if not all) 
of the VOCs in the pilot study treatment zone will be oxidized. 
the treatment duration can be extended. 

If necessary, 

The groundwater monitoring schedule for the 120 day 
duration is shown on Table 2-l. 

(16 week) pilot study 
An initial round of baseline data will be 

collected prior to pilot system startup. The baseline data will also include 
collection of natural attenuation parameters. Groundwater samples will be 
shipped to an offsite laboratory for analysis of VOCs by U.S. Environmental 
Protection Agency (USEPA) Method 8021, inorganics by USEPA Methods 6000/7000, 
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Table 2-1 
Groundwater Monitoring Schedule 

Treatability Study Work Plan No. 3 
Data Collection Plan for Assessing In Situ Chemical Oxidation Using Potassium Permanganate 

Operable Unit 4 
Naval Training Center, Area C 

Orlando, Florida 

55 80 120 140 
Extraction 

Wells 

Pore 
Volume 
Txavei Tie 

(Days) 

Sample Frequency 

I I 

Downgradient 
Injection 1 Wells KMnO, System 

Wells 

Total 
Weekly 
samp- 

les 

TOTAL 
Notes: X = VOCs, conductivity, pH, temp, turbidity, oxidation/reduction potential, KMnO4. 

153151 

C%= VOCs. conductivity, pH, temp. turbidity, oxidation/reduction 
0 = TOC and full-suite metals analyses; 

potential, KMnO4, inorganics, chloride, TOC, alkaliity. 

18/l 1 = x/o totais. 
natural attenuation parameters (Baseline and Week 16 only). 

Shaded coh.unns indicate Upper Zone monitoring well. 
Tcw~~ ,M) 

Non-shaded columns indicate Lower Zone monitoring well. 
. . 

= 



methane/ethane/ethylene, total organic carbon, total dissolved solids, and color. 
Field methods oxidation/reduction 
potential, 

will be used to collect conductivity, 
temperature, pH, alkalinity, hardness, dissolved oxvgen, chloride, 

sulfate, nitrate, total and ferrous iron, carbon dioxide, and turbiditv data. 
VOC analysis will be performed at each of the proposed 16 monitoring points. The 
inorganic and natural attenuation analyses are only proposed at sufficient 
locations to establish a baseline for groundwater within the cell. 

Prior to startup, KMnO, 
purchased from Carus. 

samples will be collected from the drums of KMnO, 
An initial solution will be prepared for each chemical 

batch number represented by the delivered drums. Each solution will be analyzed 
for inorganics by an offsite laboratory to confirm inorganic concentrations will 
be within the limits specified in the underground injection variance application 
(Appendix D). 

During startup, a mobile laboratory will be onsite to provide rapid VOC analyses. 
The mobile lab will be used to provide PCE oxidation rate data after the initial 
addition of KMnO, to the extracted groundwater. Water samples will be collected 
frequently from the mix tanks in order to confirm the bench-scale data on Figure 
2-1. The treatment system will be operated in a batch mode (i.e. no reinjection) 
until the mobile lab data confirms VOC concentrations have been reduced to below 
the Florida MCL. The treatment system will also be designed to allow KMnO,- 
treated groundwater to be recycled back to the KMnO, 
additional chemical be required to achieve MCLs. 

feed system should 
Initial KMnO, dosages and 

expected oxidation times are discussed in Chapter 3.0. 

After startup, the groundwater sample locations and frequency are dependent on 
the predicted KMnO, travel times, as shown on Table 2-I. 
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3.0 TEST PROCEDtiE At& DATA COLLECTION 

Test procedures for the pilot study are provided in this chapter. Portions of 
these procedures will entail laboratory or field analyses of groundwater samples 
and RMnO, solutions. 

3.1 PRE-STARTUP ACTIVITIES. The following procedures will be used to estimate 
baseline conditions for the chemical oxidation pilot test: 

. Measure and record the initial water level in OLD-13-07A, OLD-13-41B, 
OLD-13-42B, OLD-13-44B, OLD-13-45B, OLD-13-46B, OLD-13-RW2, -RW3, -RW4, 
OLD-13-IW2, -1W3, -1W4, and GMPs 7 through 17. 

. Collect baseline groundwater samples in accordance with Field Sampling 
and Analysis Procedures (Chapter 4.0) from OLD-13-07A, OLD-13-41B, OLD- 
13-42B, OLD-13-44B, OLD-13-45B, OLD-13-46B, OLD-13-RW2, -RW:3, -RW4, 
OLD-13-IW2, -1W3, -1W4, and GMPs 7 through 17. 
specified in Table 2-l. 

Analyses will be as 

. Prepare 10 g/P aqueous solutions from each lot or batch of KMnO, 
delivered from Carus Chemical. Solutions will be analyzed by an 
offsite laboratory for total inorganics to confirm compliance with the 
underground injection variance. 

3.2 ESTABLISH INITIAL OPERATING PARAMETERS. The initial operation of the pilot 
study will confirm the ability of the RMnO, to oxidize VOCs in extracted 
groundwater prior to reinjection. 
extraction well flowrates to be set. 

This initial operation will also allow 

3.2.1 System Startup Based on the MODFLOW simulations, a total extracted 
groundwater flow of approximately 5 gpm (19 liters per minute [P/min]) will be 
necessary to establish a recirculation cell of the required size. The extraction 
pump will be started and the flow from each of the three extraction wells will 
be set at approximately 1.7 gpm (6.4 P/min). The KMnO, feeders will be set to 
deliver RMnO, at a rate of approximately 75 grams per minute (g/min) to achieve 
the 4 g/e RMnO, solution planned for initial startup. The extracted groundwater 
will be pumped to the KMnO, feed system and then into the first mix tank. Once 
the first mix tank has filled (in approximately 5 hours), the groundwater will 
flow to the second mix tank by gravity. The reinjection pump will not be 
operated until VOC concentrations in the second mix tank are below Florida MCLs. 

Groundwater samples will be collected at the extraction pump discharge, from the 
KMnO, feed system discharge, and from each mix tank at one hour intervals until 
primary standards are met. Each sample will be analyzed for VOCs using the 
onsite mobile laboratory and for RMnO, using field instrumentation. Methlods and 
special considerations are included in Chapter 4.0. 

The system will be operated with the agitator in the first mix tank operating, 
and the second mix tank unstirred. Thus the first tank will function as a 
continuous stirred-tank reactor 
reactor. 

(CSTR) and the second tank as a plug flow 

WnO,, 
The mixing in the first tank will ensure complete dissolution of the 

and the plug flow in the second tank will maximize conversion of the PCE 
to meet MCLs. 

Based on previous estimates (HLA, 1999a), the concentration of PCE in extracted 
groundwater is anticipated to be on the order of 5,000 pg/e. 
Florida MCL of 3 pg/e requires a reduction of 3/5,000 = 0.0006. 

To achieve the 

Figure 2-1, 
Referring to 

this reduction should occur in slightly over 2 hours at a KMnO,, 
concentration of 4 g/P in a batch mode. 
continuously. 

However, the pilot study will operate 

KJfnO,, 
Using Figure 2-l to derive a reaction rate constant for 4 g/p 

and using the apppropriate equations for CSTR and plug flow reactors, the 
PCE concentration leaving the first mix tank is expected to be approxkmately 
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245 w/e, and below detection leaving the second mix tank. Calculations are 
presented in Appendix H. /F-N ?. 

VOC reaction rate data collected during the initial operation will be compared 
to predicted values derived from bench-scale data and Figure 2-1. As the startup 
period progresses, the validity of the predicted PCE oxidation rates will be 
evident. If field data suggests that the available 10 hour residence time will 
be inadequate to achieve MCLs, the concentration of KMnO, can be increased by 
shutting off the extraction pump and recycling treated water out of the mixing 
tanks and through the KMnO, feed system by using the reinjection pump (Figure 
2-3). 

Once the field data has demonstrated that the Florida MCLs can be achieved with 
4 g/P KMnO,, the reinjection pump can be started. Treated groundwater will be 
pumped through the filtration system and into each reinjection well. The 
reinjection rate to each well will be set at approximately I.7 gpm. 

Once the reinjection pump has been started, the system will be balanced and 
allowed to operate unattended. Adequate controls will be in place to prevent 
mixing tank overflow and to shutdown the entire pilot should all the KMnO, in the 
feed system be depleted. 

HLA personnel will service the system with a frequency dictated by the KMnO, feed 
rate and overall system operability. It is anticipated that daily visits will 
initially be necessary, reducing to once every other day if operations allow. 

3.2.1 System Operation The system is expected to operate as discussed above. 
However, the KMnO, dosage may be increased up to the maximum concentrations 
allowed by the underground injection variance. Increases in KMnO, dosage will 
be based on the ability to oxidize VOCs in extracted groundwater within the 10 
hour residence time, and also by the measured KMnO, and VOC concentrations in the 
GMPs. 

If groundwater monitoring data indicates total consumption of KMnO, in-situ, or 
little reduction in VOC concentrations, then KMnO, concentrations in the 
reinjected water will be increased, potentially up to the limits set by the 
underground injection variance. The decision to increase KMnO, dosages will be 
discussed with the Navy and the OPT prior to implementation. 

The rate of KMnO, addition will also be adjusted to account for KMnO, that may 
be recycled through the system after the first flush of the treatment cell. The 
MODFLOW simulation predicted that one lower zone pore volume could be flushed 
through the center of the treatment cell in approximately 40 days. At this time 
some injected KMnO, that has not been consumed could begin to appear in the 
extraction wells, and therefore in the groundwater fed to the KMnO, treatment 
system. KMnO, concentrations in the extracted groundwater will be monitored, and 
if necessary the rate of fresh KMnO, addition can be reduced to maintain the 
desired concentrations in the reinjected groundwater. 

Water levels in the reinjection wells will also be monitored during each site 
visit to ensure the reinjection wells are not fouling and will not overflow. 

In accordance with the requirements of the underground injection variance 
(Appendix D), downgradient monitoring wells OLD-13-46B and GMP-17 will be 
monitoring quarterly for one year after completion of the pilot study. 
Analytical parameters will include inorganics, total dissolved solids, color, 
chloride, and pH. 
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4.0 
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FIELfi .%h@&fhh m ANALYSIS PROCEDURES 

This chapter describes techniques to be used for the analysis of VOCs, 
inorganics, and KMnO, concentrations during the pilot study. 

4.1 SAMPLE COLLECTION AND PREPARATION. Groundwater samples will be collected 
from various monitoring wells and GMPs in accordance with the approach outlined 
in section 2.3.5. Water samples will also be drawn from sample ports located at 
various locations in the feed system piping. At a minimum, sample ports will be 
located before and after the KMnO, feed system, and before and after the filter. 
Samples can also be collected from the open-top mixing tanks using a bailer or 
peristaltic pump. 

4.1.1 Monitorinu Well and GMP Samplinq All monitoring wells and GMPs will be 
purged and sampled using low-flow techniques. The purpose of using low-flow 
purging is to ensure that the sample taken is from the targeted aquifer zone. 

Prior to purging, the breathing zone and the mouth of each well will be monitored 
for VOCs with a flame-ionization detector. Each well shall then be purged prior 
to sampling to clear the well of stagnant water, which is not re resentative of 
aquifer conditions. New l/4-inch outside diameter (OD) Teflon I?R tubing will be 
lowered into each well and connected to an ISCO peristaltic pump for purging. 
During purging temperature, pH, conductivity, dissolved oxygen, and turbidity 
will be measured regularly. 
be taken. 

When all parameters have stabilized, a sample will 

Groundwater for VOC and dissolved oxygen analyses shall be collected as a grab 
sample by slowly purging a sample through the TeflonTM tubing. 
removed from the well, 

The tubing is 

the TeflonTM 
and the groundwater sample is drained by gravity out of 

tubing that had been in the well and into 40-mP vials or into the 
ampule used for dissolved oxygen analysis. 

For all other groundwater monitoring well sampling, a new 2.5-liter amber bottle 
will be used to create a vacuum collection assembly. 
is wrapped in a TeflonTM 

A rubber stopper, #5 size, 
swatch and placed in the bottle mouth with two l/$-inch- 

OD TeflonTM tubing sections inserted through two holes in the stopper. 
of tubing will run up from the well, 

One piece 
and the other will run to the peristaltic 

pump. A vacuum shall be created in the bottle, 
slowly be drawn in. 

and the groundwater sam:ple will 
The 2.5-liter amber bottle is filled, and the cont'ents are 

poured into the containers appropriate for each parameter and will be sent to the 
laboratory for analysis. The inlet of the tubing will be set at the midpoint of 
the screened interval in each monitoring well. Filtered inorganic samples will 
be collected by connecting a 0.45-micron filter in line between the well and the 
2.5-liter bottle. Additional sampling and sampling preparation procedures can 
be referenced in the NTC, Orlando POP (ABB-ES, 1997a). 

4.1.2 Feed System Sampling All of the sampling taps located on the feed system 
are expected to be located in portions of the system that are under pressure. 
Water samples can therefore be expected to flow directly out of each tap and into 
the sample container. A peristaltic pump will be used to draw out a sample in 
situations when necessary, such as when sample filtration is required. 

4.2 SAMPLE ANALYSIS. The following section describes the field and laboratory 
methods for sample analysis. 

4.2.1 Volatile Analyses All aqueous samples intended for VOC analysis will be 
submitted to an offsite Florida-certified laboratory for analysis of halogenated 
volatile organics using USEPA Method 8021. Because residual dissolved KMnO, 
present in groundwater would continue to oxidize VOCs after sample collection, 
the oxidation reaction must be quenched if the sample is to represent current 
site conditions. The quenching will be accomplished by adding several crystals 
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of sodium thiosulfate to each sample vial used for analysis of aqueous samples 
containing KMnO,. H-N 

Note: When INnO, is mixed with hydrochloric acid, toxic chlorine qas is 
liberated. Caution must be observed to ensure HCl does'not come into contact 
with any KMnO, durinq samplino! 

4.2.1.1 Field Laboratory A field laboratory will be used during initial startup 
to help establish baseline conditions and also confirm the rate of VOC oxidation 
prior to reinjection of treated groundwater. Target analytes shall include PCE, 
TCE, DCE, and VC. Quantitation levels of 1 @g/P will be maintained to confirm 
treated water achieves Florida primary standards for VOCs. Analysis methodology 
will be based on standard USEPA methods SW-846 (USEPA, 1992a): 5030 (purge and 
trap preparation), 8000A (gas chromatograh [GCI calibration), and 8021 
(halogenated volatile organics) with modifications for field analysis. 

The instrumentation used will be a Hewlett-Packard 5890 Seri,es II gas chromato- 
graph equipped with a DB-624, 0.53 millimeter diameter capillary column or 
equivalent. It will be fitted with a tekmar purge and trap concentrator and an 
electron capture detector (ECD) for chlorinated hydrocarbons. The ECD is very 
selective for halogenated compounds and should achieve sufficiently low quantita- 
tion limits for this study. Quantitation will be accomplished by means of 
Hewlett-Packard Chemstation Chromatography software package provided with the GC. 

4.2.2 Inorqanic Analyses All aqueous samples intended for inorganic analysis 
will be submitted to an offsite Florida-certified laboratory for analysis of 
target analyte list inorganics using USEPA 6000/7000 methods: As discussed in 
section 2.2.5, the KMnO, oxidation reaction produces insoluble precipitates. 
These particulates will be filtered from the extracted groundwater prior to 
reinjection. 

To assure that inorganic analysis of groundwater or process water is consistent 
with the injected composition, all aqueous samples (including baseline ,*"-‘*'s 
groundwater samples) will be filtered prior to analysis. 

4.2.2 Dissolved KMnO, Analysis The KMnO, concentration in an aqueous solution 
is best measured usinq standard spectrophotometric methods. A calibration curve 
will be developed by measuring the absorbance of various KMnO, standard solutions 
at a wavelength of 525 nanometers. This procedure is outlined in Appendix B. 
Standard solutions will be prepared at concentrations of 1 g/P, 4 g/P, 6 g/P, and 
10 g/p. 

Once the spectrophotometer calibration curve is established, aqueous samples 
collected from the feed system, monitoring wells, and GMPs will be inserted in 
the spectrophotometer for determination of KMnO, concentration. All aqueous 
samples must be filtered to remove turbidity prior to spectrophotomic analysis. 
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Data collected from this pilot study will be reviewed, processed and presented 
to aid in determining the suitability of in-situ chemical oxidation as' a source 
removal technology for OU 4. These results will be used to update the 
assumptions used to evaluate this technology in the draft OU 4 FS (HLA, 1999a). 

When evaluating the pilot data, the focus will be as follows: 

. determine whether site-specific factors would inhibit or prohibit the 
technology's use, 

. establish the required concentration of KMnO, to achieve in-situ 
oxidation of VOCs in the source area, and 

. establish the maximum achievable reduction of source area VOCs. 

5.1 SITE-SPECIFIC FACTORS. 
KMnO, at OU 4. 

Various factors may inhibit or prohibit the use of 
By monitoring groundwater in the upper and lower zones of the 

treatment cell, the ability to deliver KMnO, above, below, and through the hard 
layer can be established. Although bench-scale data suggested that KMnO, demand 
unrelated to the VOGs will be minimal, other unforseen aquifer conditions could 
lead to excessive in-situ consumption of KMnO,, 
VOCs and requiring uneconomical KMnO, feed rates. 

leaving little to oxidize the 

Operational difficulties associatedwith filtration of the suspendedparticulates 
or extraction/reinjection well clogging could also affect the ability to apply 
this technology full-scale at OU 4. 

All of these issues will be carefully evaluated during the operation of the pilot 
study. 

5.2 REOUIRED KMnO. CONCENTRATION. The pilot study approach is intended t:o allow 
the determination of the necessary concentration of KMnO, required to oxidize 
VOCs in the source area. 

5.3 VOLATILE ORGANIC COMPOUND (VOC) REDUCTION. Source area remediation followed 
by natural attenuation monitoring has been identified as an attractive 
alternative for remediation of OU 4 groundwater (HLA, 1999a). Based on the 
degradation rate in the plume between the source area and Lake Druid, groundwater 
VOC concentrations in the source area need to be reduced to approximately 100 
pg/P to achieve Florida Surface Water Standards at the lake (HLA, 1998a). The 
goal of the KMnO, injection is to reduce VOC concentrations within the treatment 
cell down to this level. The groundwater monitoring plan outlined in this work 
plan is expected to be adequate to establish the in-situ effectiveness of the 
KMnO, injection. 

Analysis of natural attenuation parameters both before and after treatment with 
KMnO, will also aid in evaluating natural attenuation as a remedial alternative 
The data will be used to determine the effect of KMnO4 oxidation on natural 
attenuation conditions, and also can be used to evaluate the potential 
effectiveness of enhancing natural attenution with injected amendments. 

NTC-OU4.WP3 
LCW.12.99 5-l 



6.0 SCtiEDULE 

It is expected that this in-situ chemical oxidation work plan will be presented 
to the OPT and FDEP's reviewing engineer in September 1999. Procurement of 
equipment, well installations, system assembly, operation, and data collection 
could be completed within 30 days of work plan approval. 

Although MODFLOW simulations suggest over 160 days will be required to flush one 
pore volume through the center of the treatment cell in the shallow zone, the 
effectiveness of the KMnO, injection and the optimum feed concentrations are 
expected to be established within the first 8 weeks of operation. A summary of 
the pilot study results will be issued after the 8 weeks (or sooner if the pilot 
is unsuccessful), 
successful, 

to provide adequate data to finalize the FS. If the :pilot is 
operation will continue for the full 120 days to remediate as much 

of the treatment cell as possible. 
completion of the pilot study. 

A final report will be issued at the 
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APPENDIX A 

HASP ADDENDUM 



Preface 

The following pages constitute the Health and Safety Plan (HASP) addendum for the 
Naval Training Center (NTC), Orlando Project Operations Plan for Site Investiga- 
tions and Remedial Investigations. This addendum must be used in conjunction 
with the existing generic HASP for NTC, Orlando. The pages in this addendum 
should be inserted, where indicated, in the generic HASP. 
these pages correctly inserted, 

The generic HASP, with 
completes the update of the NTC, Orlando HASP for 

the in-situ chemical oxidation pilot study at Operable Unit (OU) 4. 



2.3 SCOPE OF WORE (WORE PLAN). The in-situ chemical oxidation pilot study will 
consist of the injection of a KMnO, solution into the subsurface. 
contaminants found in the source area are expected to oxidize in-situ. 

The 
The pilot 

study performance will be monitored by sampling groundwater within the 'treatment 
zone. 

Objective: Install appropriate equipment to allow the pilot testing and 
monitoring of an in-situ chemical oxidation system. 

Methods: l microwell installation by TerraProbeTM 
l installation of monitoring wells and extraction/reinjection 

wells via Rotosonic drilling 
l installation of appropriate equipment to extract groundwater, 

dose with K&no,,, and reinject 

Objective: Establish if in-situ chemical oxidation is a viable remediation 
technology for OU 4. Establish optimum KMnO, dosage, the 
ability to treat source area VOCs both above and below the 
layer of dense sand, and the maximum reduction of groundwater 
VOC concentrations achievable with this technology. 

Methods: l 

f 

roundwater sampling 
. eed system monitoring 
l feed system operation and maintenance 

2.4.5 Monitorinq The work environment will be monitored to ensure that 
"Immediately Dangerous to Life and Health" 
identified. At a minimum, 

or other dangerous conditions are 

atmospheres, 
monitoring will include evaluations for combustible 

oxygen-deficient environments, 
airborne contaminants. 

and hazardous concentrations of 
The combustible gas meter, set to alarm at 10 percent of 

the lower explosive limit (LEL), will be continuously used. 

2.4.6 Air Samulinq To the extent feasible, 
nants will be evaluated through the use 

the presence of airborne contami- 

Information gathered will be used to 
of direct reading instrumentation. 

ensure the adequacy of the levels of 
protection being used at the site and may be used as the basis for upgrarding or 
downgrading the levels of protection in conformance with action levels provided 
in this RASP and at the direction of the site health and safety officer. 
Contaminants expected to be a concern at OU 4 are shown in Table 2-2. 

The following sampling equipment will be used at the site: 

;: 
PORTA-FID organic vapor analyzer (OVA), and 
LEL/oxygen meter. 

Refer to Appendix F for information on the calibration and maintenance of the 
equipment. 

If the OVA reads steadily above background in the breathing zone, continue 
working in modified Level D until the OVA reads 8 ppm above background in the 
breathing zone, at which time upgrade to Level C. 
greater) above background, upgrade to Level B. 

If the OVA reads 116 ppm (or 

If the LEL meter reads 10 percent of the LEL or greater, use nonsparking tools. 
IF the LEL meter reads 20 percent of the LEL or greater, stop work and evacuate 
the site. 

The above action limits are summarized below. 

A-l 



Table 2-2 
Contaminantsof Concern at Operable Unit 4 

Treatability Study Work Plan No. 3 

Data Collection Plan for Assessing In Situ Chemical Oxidation Using Potassium Permanganate 
Operable Unit 4 

Naval Training Center, Area C 
Orlando, Florida ’ 

Chemical Approximate Permissible Threshold Physical Dermal Toxicity Remarks 
Odor Threshold Exposure Limit Value Characteristics 

(pm) Limits (ppm) (w-N 

1,2-Dichloroethene 500 200 200 Colorless liquid, Moderate skin irritant. Nausea, vomiting, weakness, tremor, cramps, 
sweet odor. CNS depression. 

Tetrachloroethene 47 25 25 Colorless liquid Moderate skin irritant. Inhalation may irritate eyes and nose and 
with an odor like cause CNS damage. 
chloroform. 

Trichloroethene 82 50 50 Colorless liquid, Can cause dermati- Eye and nose irritation, blurred vision, 
sweet odor. tis. nausea, CNS damage. 

Potassium Odorless 5 mg/m3 0.2 mg/m3 Dark purple solid Moderate skin irritant. Strong oxidizer. Produces chlorine gas when 
permanganate mixed with HCI. Inhalation may irritate 

respiratory tract and eyes. 

Sodium Thiosulfate Odorless None None Monoclinic, Moderate skin irritant. May cause irritation to skin, eyes, and 
Established Established colorless crystals respiratory tract. 

Notes: RllFS = Remedial Investigation and Feasibility Study. 
ppm = parts per million. 
CNS = central nervous system. 
Al = t$nown Human Carcinogen. 
HCI = hydrochloric acid. 

Sources: American Industrial Hygienists Association, 1989. 
US. Department of Transportation and U.S. Coast Guard, 1991. 
National Institute of Occupational Safety and Health, 1990. 
American Conference of Governmental and Industrial Hygienists. 
Occupational Safety and Health Administration, 1989. 



Level B PPE required if: 

l OVA greater than or equal to 116 ppm, 

Level C PPE reouired if: 

l OVA greater than or equal to 8 ppm but less than 116 ppm. 

Level D PPE required if: 

l OVA less than 8 ppm. 

Wherever feasible, engineering controls will be used to avoid the need to upgrade 
from Level D. An example is the use of industrial-sized fans to blow hazardous 
vapors from the breathing zone. 

If air monitoring instrumentation indicates the need to upgrade to Level B along 
the northern property line, all work will be suspended to avoid the possibility 
of creating a dangerous condition outside Navy property. 

2.4.7 K&IO, Handling Operation of the KMnO, feed system will require frequent 
change-out of empty drums of KMnO,. All handling of KMnO, will be performed in 
Level C with either a full-face respirator or a half-face respirator with a face 
shield. Personnel shall work in pairs. 
the KMnO, handling area. 

An eyewash station will be available at 

data sheet. 
Further precautions are outlined in the material safety 

2.4.8 Sodium Thiosulfate Handling Sodiumthiosulfate will be used to quench the 
KMnO, oxidation reaction in groundwater sampled for VOC analysis. 0nl.y small 
quantities will be handled (several crystals per 40 milliliter vial); gloves and 
safety glasses must be worn to prevent contact with skin and eyes. 
producing dust. 

Avoid 

sheet. 
Further precautions are outlined in the material safety data 

NTC-OU4.WP3 

Law.1 2.99 A-3 



PRODUCT NAME: 
SYNONYMS: Permanganic acid potassium salt 
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MANUFACTURER’S NAME: CARUS CHEMICAL COMPANY .-\’ .: TELEPHONE NUMBER FOR INFOR~TIQN: 815~23~1500 . . *.: .p:>: ,,( 1. ;:. :- .,.. S.Slj_ I . ..__ 
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/ Section 2 Cmation on Ingredients 

Material or component 

Potassium Permaneanate 

Hazard Data 

PEL**C*** 5 mgMn per cubic meter of air 

TLV-TWA**'* 0.2 mg Mn per cubic meter of air 

. Chemical Abstract Service Number 
.* OSHA Pemxssible Exposure Limit. manganese mmpxmds (qxascd L( Mn) 29CFRl910. IWO Table 21 

! Section 3 HazardsIdentification 

I. Eve Contact 
Potassium permanganate is damaging to eye tissue on contact. It may cause severe bums that result in damage to the eye. 

2. Skin Contact 
Prolonged contact of solutions at room temperature may be irritating to the skin, leaving brown stains. Concentrated solutions at 
elevated temperature and crystals are damaging to the skin. 

3. Inhalation 
Acute inhalation toxicity data are not available. However, airborne concentrations of potassium permanganate in the form of dust or mist 
may cause damage to the respiratory tract. 

4. lnpestion 
Potassium permanganate, if swallowed, may cause severe bums to mucous membranes of the mouth. throat, esophagus, and stomach. 

ResponsibleCare" 
A PrwIc Commibnent 



j Section 4 First Aid Measures 

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. 

Immediately wash contaminated areas with water. Remove contaminated clothing and footwear. Wash clothing and decontaminate footwear before 
reuse. Seek medical attention immediately if irritation is severe and 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. Seek medical attention 

immediately. 

/ Section 5 Fire Fighting Measures 

NFPA* HAZARD SIGNAL 

Health Hazard 
(less than I hour exposure) 
Flammability Hazard 
Reactivity Hazard 

1 = Materials which under fire conditions would give off irritating combustion products. 
Materials which on the skin could cause irritation. 

0 = Materials that will not bum. 
0 = Materials which in themselves are normally stable, even under tire exposure conditions, and which are not 

reactive with water. 
Special Hazard OX = Oxidizer 

*National Fire Protection Association 704 

FIRST RESPONDERS: 

Wear protective gloves, boots, goggles, and respirator. In case of fire. wear positive pressure breathing apparatus, Approach incident with caution. 

Use Emergency Response Guide NAERG 96 (RSPA P5800.7). Guide No. 140. 

FLASlfPOINT 

FLAMMABLE OR EXPLOSIVE LIMITS 

EXTINGUISHING MEDIA 

None 

Lower: Nonflammable Upper: Nonflammable 

Use large quantities of water. Water will turn pink to purple if in contact with potassium 
permanganate. Dike to contain. Do not use dry chemicals, CO,, Halo& or foams. 

SPECIAL FIREFIGHTING PROCEDURES If material is involved in tire, 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 HAZARDS Powerful oxidizing material. May decompose spontaneously if exposed to intense heat 

(150~‘C/302^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. 



_- .--__ --- --- . s __--._.-_ 
1 Section 6 Accidental Release Measures 

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED 

r”? 
..ii . ,. ; . ..” 

Clean up spills immediately by sweeping or shoveling up the material. Do not return spilled material to the original conltainer. Transfer to a clean 

metal drum. EPA banned the land disposal of DO01 ignitable waste oxidizers. These wastes must be deactivated by reduction. To clean floors, flush 

with abundant quantities of water into sewer, if permitted by Federal,State, and Local regulations. If not permitted, collect water and treat 
chemically (Section 13). 

PERSONAL PRECACJTTIONS 

Personnel should wear protective clothing suitable for the task. Remove all ignition sources and incompatible materials before attempting 
clean-up. 

1 Section 7 Handlingand Storage 

Work/Hygienic Practices 

Wash hands thoroughly with soap and water after handling potassium permanganate, and before eating or smoking. Wear proper protective 
equipment. Remove contaminated clothing. 

Ventilation Requirements 

Provide sufficient mechanical and/or local exhaust to maintain exposure below the Permissible Exposure Limit (PEL). 

Conditions forSafeStorage 

Store in accordanced 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 anti-freeze and 

hydraulic fluid. 

! Section 8 ExnosureControls/Personal Protection 

Respiratorv Protection 
In the case where overexposure may exist, the use of an approved NIOSH-MSHA dust/mist respirator or an air supplied respirator is advised, 

Engineering or administrative controls should be implemented to control dust. 

Faceshield, goggles. or safety glasses with side shields should be worn. Provide eye wash in working area. 

Gloves 
Rubhcr or plastic gloves should be worn 

Other Protective Equipment 
Normal work clothing covering arms and legs, and rubber, or plastic apron should be worn 

Responsible Care” 
A Public Commitment 



iS ection 9 Phvsical and Chemical Properties 
--- 

.f-% 

APPEARANCE AND ODOR Dark purple solid with a metallic luster, odorless 

BOILING POINT, 760 mm Hg Not applicalbe SPECIFIC GRAVITY 2.7 @ 20°C (68‘9F) 

VAPOR PRESSURE (mm Hg) Not applicable VAPOR DENSITY (AIR=12 Not applicable 

SOLUBILITY IN WATER % BY SOLUTION 6.0% at 20°C (68°F); and 20% at 65°C (149°F) 

PERCENT VOLATILE BY VOLUME Not volatile 

EVAPORATION RATE (BUTYL ACETATE=l) Not applicable 

MELTING POINT Starts to decompose with evolution of oxygen (0,) at temperatures above 150°C (302°F) 

OXIDIZING PROPERTIES Strong oxidizer 

Section 10 Stability and Reactivity 
. . . 

STABILITY Under normal conditions, the material is stable. 

CONDITIONS TO AVOID Contact with incompatible materials or heat (>lSO”C/302”F) 

INCOMPATIBLE MATERIALS Acids, peroxides, formaldehyde, antifreeze, hydraulic flluids, and all combustible organic or readily oxidizable 

inorganic materials including metal powders. With hydrochloric acid, toxic chlorine gas is liberated. 

HAZARDOUS DECOMPOSITION PRODIJCTS When involved in a fire, potassiuim permanganate may form corrosive fumes 

CONDITIONS CONTRIBUTING TO HAZARDOUS POLYMERIZATION Material is not known to polymerize. 

‘f--Y 

Section 11 Toxicological Information 

Potassium Permanganate: Acute oral LD,,(rat) = 780 mglkg Male (14 days) 525 mg/kg Female (14 days) 
The fatal adult human dose by ingestion is estimated to be 10 grams or 0.35 ounces. 

(Ref. Handbook of Poisoning: Prevention, Diagnosis & Treatment, Twelfth Edition) 

EFFECTS OF OVEREXPOSIJRE 
I. Acute Overexposure 

Irritating to body tissue with which it comes into contact. 

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

3. Carcinoeenicitv 
Potassium permanganate has not been classified as a carcinogen by OSHA, NTP, IARC 

4. Medical Conditions Generallv Aeoravated bv Exposure 
Potassium permanganate will cause further irritation of tissue. open wounds. bums or mucous membranes. 

Registn: at‘ Toxic Effects of Chemical Substances 
RTECS #SD6476000 

Responsible Care” 
A Public Commitment 
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1 Section 15 Regulatorv Information (cont.) 

STATE LISTS Michigan Critical Materials Register: 
California Proposition 65: 
Massachusetts Substance List: 
Pennsylvania Hazard Substance List: 

Not listed 
Not listed 
5FX 
E 

FOFUIIGNLISTS Canadian Domestic Substances List (DSL) 
Canadian Ingredient Disclosure List 
European Inventory of Existing Chemical Substances (EINECS) 

Listed 
Listed 
Listed 

/ Section 16 OtherInformation 

NIOSH 
MSHA 
OSHA 
NTP 
IARC 

National Institute for Occupational Safety and Health 
Mine Safety and Health Administration 
Occupational Safety andHealth Administration 
NationaI Toxicology Program 
International Agency for Research on Cancer 

KennethKrogulski 

.L 
CARUS 

February 1999 

ResponsibleCare!” 
A Pubic CommItmenl: 

The information contained is accurate to the best of our knowledge. However, data, safety standards and government regulations are subject to change; and the conditions 
f handling, use or mrsuse of the product are beyond our control. Cams Chemical Company makes no warranty, either express or implied including any warranties of 

lnerchantability and fitness for a particular purpose. Carus also disclaims all liability for reliance on the completeness or confirming accuracy of any information fnduded herein. 
Users should satisfy themselves that they are aware of all current data relevant to their particular uses. 

Rev. 2199 F0rm # cx 1026 Cairox' is trademark of Carus Corpora- 
tion. Responsible Care. is a service mark of the Chemical Manufacturers Association.22 
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EntrvtotheEnvironment 

Potassium Permanganate has a low estimated liftime in the environment, being readily converted by oxidizable materials to 
insoluble MnO,. 

Bioconcentration Potential 

In non-reducing and non-acidic environments MnO, is insoluble and has a very low bioaccumulative potential. 

AauaticToxicitV 

Rainbow trout, 96 hour LC,,: 1.80 mg/l 
Blugill sunfish, 96 hour LC,,: 2.3 mg/l 

DEACTIVATION OF DO01 IGNITABLE WASTE OXIDIZERS BY CHEMICAL REDUCTION 

Reduce potassium permanganate in aqueous solutions with sodium thiosulfate (Hypo), a sodium bisulfite or ferrous salt solution. The biosulfite or 
ferrous salt may require some dilute sulfuric acid to promote rapid reduction. If acid was used, neutralize with sodium bicarbonate to neutral pH. 
Decant or filter, and mix the sludge with sodium carbonate and deposit in an approved landfill. Where permitted, the sludge can be drained into 
sewer with large quantities of water. Use caution when reacting chemicals. Contact Carus Chemical for additional recommendations. 

DEPARTMENT OF TRANSPORTATION INFORMATION: 

Proper Shipping Name: 49 CFR172.101.. ............................................................ Potassium Permanganate 

ID Number: 49 CFR172.101.. ................................................................................ UN 1490 
Hazard Class: 49 CFRl72.10 1 ................................................................................ Oxidizer 
Division: 49 CFR172.101 ...................................................................................... 5.1 
Packing Group: 49 CFRI 72.101 ............................................................................ II 

---------.-- -.--- ~- 

TSCA Listed in the TSCA Chemical Substance Inventory 

CERCLA HazardousSubstance 

Reportable Quantity: 40 CFRI 16.4; 40 CFR302.4 _._._._..__.._._____.,.....,. RQ-100 lb 

RCRA Oxidizers such as potassium permanganate meet the criteria of ignitable waste. 40 CFR 261.21 

SARA TITLE 111 Information 
Section 302 Extremely hazardous substance: Not listed 

Section 3 1 l/3 12 Hazard categories: Fire. acute and chronic toxicity 

Section 3 13 Cairox Potassium Permanganate contains 33-35% manganese as part of the chemical infrastructure (manganese 

compounds CAS Reg. No. N/A) and is subject to the reportin g requirements of Section 313 of Title III. Superfund Amendments and 

Reauthorization Act of 1966 and 40 CFR 372. 

Responsible Care” 
A Public Commitment 



Section 15 RegulatorvInformation (cont.) 

STATE LISTS Michigan Critical Materials Register: 
Cali.fomiaProposition6.5: 
Massachusetts Substance List: 
Pennsylvania Hazard Substance List: 

Not listed 
Not listed 
5F8 
E 

FOREIGNLI!XS Canadian Domestic Substances List (DSL) 
Canadian Ingredient Disclosure List 
European InventoryofExisting Chemical Substances (EINECS) 

Listed 
Listed 
Listed 

- 

/ Section 16 OtherInformation 

NIOSH 
MSHA 
OSHA 
NTP 
IARC 

National Institute for Occupational Safety and Health 
Mine Safety and Health Administration 
Occupational Safety and Health Administration 
NationalToxicology Program 
International Agency for Research on Cancer 

L 
CARUS 

Kenneth Krogulski 

February 1999 

Restmnsible Care’” 
A PU~C ComiWhm?nt 

The information contained is accurate to the best of our knowledge. However, data, safety standards and government regulations are subject to change; and the conditions 
handling, use or misuse of the product are beyond our control. Carus Chemical Company makes no warranty, either express or implied including any warranties of 

archantability and fitness for a pamcular purpose. Carus also dtsclaims all liability for reliance on the completeness or confirming accuracy of any infomation tnc-lude(j herein. 
llsers should satisfy themselves that they are aware of all current data relevant to their particular uses. 

Rev. 2199 Form # CX 1026 Cairox- is trademark of Caru.s Corpora - 
tion. Responsible Care- is a service mark of the Chemical Manufacturers Association.22 
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SODIUM THIOSULFATE ANHYDROUS 

MSDS Number: S5234 -- Effective Date: 12/08/96 

1. Product Identification 

- I_  - . - -  __- _ ___ 

Synonyms: Thiosulfuric acid, disodium salt; disodium thiosmfate; sodium hyposullfite 
CAS No.: 7772-98-7 
Molecular Weight: 158.11 
Chemical Formula: Na2S203 
Product Codes: J.T. Baker: 3954 Mallinckrodt: 8096 

2. Composition/Information on Ingredients 

Ingredient CAS No Percent Hazardous 
--------------------------------------- ------------ ------- ---L----- 

Sodium Thiosulfate 7772-98-7 100% Yes 

3. Hazards Identification 

Emergency Overview 
-------------------------- 
CAUTION! MAY BE HARMFUL IF SWALLOWED OR INHALED. MAY 
CAUSE IRRITATION TO SKIN, EYES, AND RESPIRATORY TRACT. 

J.T. Baker SAF-T-DATA (tm) Ratings (Provided here for your convenience) 
-----------_------------------------------------------------------------------------------------------~---- 
Health Rating: 0 - None 
Flammability Rating: 0 - None 
Reactivity Rating: 1 - Slight 
Contact Rating: 1 - Slight 

http://www.jtbaker.com/msds/s5234.htm 9/3/ 1999 



SODIUM THIOSULFATE ANHYDROUS Page 2 of 7 

Lab Protective Equip: GOGGLES; LAB COAT 
Storage Color Code: Orange (General Storage) 
------__-__________---------------------------------------------------------------------------------------- 

Potential Health Effects 

Inhalation: 
May cause irritation to the respiratory tract. Symptoms may include coughing and 
shortness of breath. 

Ingestion: 
Low level of toxicity by ingestion. Diarrhea may occur by ingestion of large quantities. 

Skin Contact: 
Irritation may occur from prolonged skin contact. 

Eye Contact: 
Contact may cause mechanical irritation. 

Chronic Exposure: 
Chronic exposure may cause skin effects. 

Aggravation of Pre-existing Conditions: 
No information found. 

--~ -- -.---.---. __. 

4. First Aid Measures 

Inhalation: 
Remove to fresh air. Get medical attention for any breathing difficulty. 

Ingestion: 
Induce vomiting immediately as directed by medical personnel. Never give anything by 
mouth to an unconscious person. Get medical attention. 

Skin Contact: 
Wash exposed area with soap and water. Get medical advice if irritation develops. 

Eye Contact: 
Wash thoroughly with running water. Get medical advice if irritation develops. 

5. Fire Fighting Measures 

Fire: 
Not considered to be a fire hazard. 

Explosion: 
Not considered to be an explosion hazard. 

Fire Extinguishing Media: 
Use any means suitable for extinguishing surrounding fire. 

http://www.jtbaker.com/msds/s5234.htm 9/3/1999 
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Special Information: 
Use protective clothing and breathing equipment appropriate for the surrounding fire. 

6. Accidental Release Measures 

Ventilate area of leak or spill. Wear appropriate personal protective equipment as 
specified in Section 8. Spills: Sweep up and containerize for reclamation or disposal. 
Vacuuming or wet sweeping may be used to avoid dust dispersal. 

7. Handling and Storage 

Keep in a tightly closed container, stored in a cool, dry, ventilated area. Protect against 
physical damage. Isolate from incompatible substances. Containers of this material may 
be hazardous when empty since they retain product residues (dust, solids); observe ail 
warnings and precautions listed for the product. 

8. Exposure Controls/Personal Protection 

Airborne Exposure Limits: 
None established. 

Ventilation System: 
In general, dilution ventilation is a satisfactory health hazard control for this substance. 
However, if conditions of use create discomfort to the worker, a local exhaust system 
should be considered. 

Personal Respirators (NIOSH Approved): 
For conditions of use where exposure to the dust or mist is apparent, a half-face dust/mist 
respirator may be worn. For emergencies or instances where the exposure levels are not 
known, use a full-face positive-pressure, air-supplied respirator. WARNING: Air- 
purifying respirators do not protect workers in oxygen-deficient atmospheres. 

Skin Protection: 
Wear protective gloves and clean body-covering clothing. 

Eye Protection: 
Safety glasses. Maintain eye wash fountain and quick-drench facilities in work area. 

- ..-- . ..-. --__. --.-.-~...--:.-.---. - .._. 

9. Physical and ChemicaI Properties 

Appearance: 
Monoclinic, colorless crystals. 

Odor: 
Odorless. 

Solubility: 

http://www.jtbaker.cornfmsds/s5234.htm 91311999 
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50 g/100 g cold water 

Density: 
1.69 

pH: 
No information found. 

% Volatiles by volume @ 21C (70F): 
0 

Boiling Point: 
Not applicable. 

Melting Point: 
> 1OOC (> 212F) 

Vapor Density (Air=l): 
No information found. 

Vapor Pressure (mm Hg): 
No information found. 

Evaporation Rate (BuAc=l): 
No information found. 

_ ;.- _.._ -..- __-__ __- ._.. - ..- -__ ----.- _... ---___-.--~----z~~~ .===..-~=L=-~=__;l.-..- -2 

10. Stability and Reactivity 

.n. 

Stability: 
Stable under ordinary conditions of use and storage. 

Hazardous Decomposition Products: 
Burning may produce sulfur oxides. 

Hazardous Polymerization: 
Will not occur. 

Incompatibilities: 
Metal nitrates, sodium nitrite, iodine, acids. lead, mercury, and silver salts. 

Conditions to Avoid: 
Incompatibles. 

z-:..r -z --. ..--.-. -.--. 

11. Toxicological Information 

No LD50/LC50 information found relating to normal routes of occupational exposure. 

--------\Canc-r Li*t*\------------------------------------------------------ 

---NTP Carcinogen--- 
Ingredient Known Anticipated IARC Category 
------------------------------------ -_--- ----------- ------------- 

http://www.jtbaker.com/msds/s5234.htm 9/3/l 999 
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Sodium Thiosulfate (7772-98-7) No 

L~.:~-_1_ T--Is1 -.. -- -.__ - __~ _.________.__.___.._ ___ 

12. Ecological Information 

No None 

Environmental Fate: 
No information found. 

Environmenta Toxicity: 
No information found. 

13. Disposal Considerations 

Whatever cannot be saved for recovery or recycling should be managed in an appropriate 
and approved waste disposal faciIity. Processing, use or contamination of this product 
may change the waste management options. State and local disposal regulations may 
differ from federal disposal regulations. Dispose of container and unused contents in 
accordance with federal, state and local requirements. 

--- . ..-... --___---__ - 

14. Transport Information 

Not regulated. 

_-_l___.___l_ --._-- .-._--.. -__.-.--I_ -~ .-.- .-..- --... __.. _ 

15. Regulatory Information 

--------\Chemical Inventory St-t-s - Part l\-------------------------,~~--,~--- 

Ingredient TSCA EC Japan Australia 
--_-------------------------------------------- ---- --- ---a- ---e_--_- 
Sodium Thiosulfate (7772-98-7) Yes Yes Yes Yes 

--------\Chemical Inventory Status - Part 2\--------------------------------- 
--Canada-- 

Ingredient Korea DSL NDSL Ph.il. 
--_-------------------------------------------- ----- --- ---- --.--- 
Sodium Thiosulfate (7772-98-7) Yes Yes No Yes 

--------\Federal, State & International Regulations - Part l\---------------- 
-SARA 302- ------SAM 31:3---w-- 

Ingredient RQ TPQ List 
-__-------------------------------------- --- ----- ---- 

Chemical Catg. 
-------------_- 

Sodium Thiosulfate (7772-98-7) No No No No 

--------\Federal, State & International Regulations - Part 2\---------------- 
-RCRA- -TSCA- 

Ingredient CERCLA 261.33 a(d) 
----------------------------------------- ------ a----- --_--_ 
Sodium Thiosulfate (7772-98-7) No No No 

Chemical Weapons Convention: No TSCA 12(b): No CDTA: No 

http://www.jtbaker.com/msds/s5234.htm 9/3/l 999 
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SARA 311/312: Acute: Yes Chronic: No Fire: No Pressure: No 
Reactivity: No (Pure / Solid) 

Australian Hazchem Code: No information found. 
Poison Schedule: No information found. 

WHMIS: 
This MSDS has been prepared according to the hazard criteria of the Controlled Products 
Regulations (CPR) and the MSDS contains all of the information required by the CPR. 

16. Other Information 

NFPA Ratings: Health: 1 Flammability: 0 Reactivity: 0 

Label Hazard Warning: 
CAUTION! MAY BE HARMFUL IF SWALLOWED OR INHALED. MAY CAUSE 
IRRITATION TO SKIN, EYES, AND RESPIRATORY TRACT. 

Label Precautions: 
Avoid contact with eyes, skin and clothing. Wash thoroughly after handling. Avoid 
breathing dust. Keep container closed. Use with adequate ventilation. 

Label First Aid: 
If inhaled, remove to fresh air. Get medical attention for any breathing difficulty. In case 
of contact, immediately flush eyes or skin with plenty of water for at least 15 minutes. 
Get medical attention if irritation develops or persists. If swallowed, induce vomiting 
immediately as directed by medical personnel. Never give anything by mouth to an 
unconscious person. 

F-5 

Product Use: 
Laboratory Reagent. 

Revision Information: 
Pure. New 16 section MSDS format, all sections have been revised. 

Disclaimer: 
***************************************************************************** 
Mallinckrodt Baker, Inc. provides the information contained herein in good faith 
but makes no representation as to its comprehensiveness or accuracy. This 
document is intended only as a guide to the appropriate precautionary handling of 
the material by a properly trained person using this product. Individuals receiving 
the information must exercise their independent judgment in determining its 
appropriateness for a particular purpose. MALLINCKRODT BAKER, INC. 
MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR 
IMPLIED, INCLUDING WITHOUT LIMITATION ANY WARRANTIES OF 
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE WITH 
RESPECT TO THE INFORMATION SET FORTH HEREIN OR THE 
PRODUCT TO WHICH THE INFORMATION REFERS. ACCORDINGLY, 
MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR 
DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS n 

INFORMATION. 

http://www.jtbaker.com/msds/s5234.htm 9/3/ 1999 
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CAIROX@ Potassium Permanganate 

Potassium permanganate is one of the most vigorous and versatile 
commonly used inorganic oxidants available. it has been used for over a 
century as an oxidizing agent employed in a wide variety of organic and 
inorganic oxidation reactions conducted in acidic, alkaline and neutral 
environments. Permanganate oxidation reactions of inorganic compounds 
typically exhibit rapid rates while those oxidation reactions involving organic 
substances exhibit a high degree of steroselectivity. 

CAIROX@ potassium permanganate is a strong oxidant with a long history of safe use in 
drinking water, wastewater, and chemical manufacturing industries. In potable water 
applications, CAIROX@ oxidizes iron, manganese, and hydrogen sulfide. It controls taste 
and odor problems, zebra mussels, and is a pre-oxidant for THM (trihalomethane) control. 
In the wastewater field, it is used to oxidize hydrogen sulfide and other odors, prevent 
corrosion, destroy phenol and other toxic pollutants, control and remove grease and for 
sludge odor control as well as improved sludge dewaterability and biodegradability. 
CAIROX@ finds extensive applications in the chemical manufacturing industry as an oxidant 
as well as for metal surface treatment and equipment cleaning. 

PERMANGANATE COMPOUNDS 

F!!fFzl 

CAS Registry Number 

Permanganic acid HMnO4 13465-4 1-3 

Potassium Permanganate jKMnO,[ 7722-64-7 ---j 

Sodium Permanganate jNaMnO,j; 10101-50-5 -----I 

Permanganate ion -v][1433-13-2 j 

Potassium Permanganate: CHEMICAL PROPERTIES 

2.703 grams/cm3 at 20°C 
I I 

MnO,- is not the thermodynamically stable form of manganese in 
water, thus, permanganate tends to (very slowly) oxidize water with 
the evolution of oxygen: 

4 Mn04- + 4 H+-+ 4 Mn02 + 2 H,O + 02t 

The aqueous solubility of alkali metal permanganates - measured 

http://www.caruschem.com/CXPOTPER.HTM 7/26/ 1999 
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Solubility 

Aqueous 
Solubility 

Melting Point 

Thermal 
Decomposition 

Crystal 
Structure 

Bonding 

Bulk Density 

Specific Gravity 

Color 

at room temperature decreases as the atomic number increases. 

900 g/L for NaMnO, 

60 g/L for KMnO, 
2.5 g/L for CsMn04 

Aqueous solubility 
KMnO,, gram/liter = 30.55 + 0.796 (T, “C) + 0.0392 (T, oC)2 

Where: T = Solution Temperature, Centigrade 

Decomposes at 200 - 300 “C. 

IO KMn04250-3000C)2.65K2Mn04 + [2.35 K,O l 7.35 MnO, c5] + 60, 

orthorhombic 
space group Pnma and four molecules per unit cell 
a=9.l05A, b=5.720& and c=7.425A. 

The manganese atom is surrounded by four oxygen atoms located 
at the corners of a regular tetrahedron. 

iFoav;fge Mn-0 bond distance in the permanganate ion is 1.629 

The average 0-Mn-0 bond angle is 109.4 kO.7” 

approximately 100 pounds / cubic foot 

1.0000 + 0.007 [ KMn04, % ( w/w ) ] 

The permanganate ion ( MnO, ) is purple. 

Potassium Permanganate: AQUEOUS SOLUBILITY 

1 I-- * _ . ,..I..( I 

10 20 30 40 50 60 70 80 

Temperature, “C 

http://www.caruschem.com/CXPOTPER.HTM 7/26/I 999 
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o Alkaline conditions (pH >12) , E, = 0.56 

MnOA- + e’-, MnOJ2- 

l Neutral conditions ( pH range of 3.5 to 12 ), E, = 1.69 

MnO,- + 2 H,O + 3 e-+ Mn02 + 4 OH’ 

l Acidic conditions ( pH ~3.5) E, = 1.51 

MnO,- + 8 H+ + 5e’-, Mn2+ + 4 H,O 
I 

?edox potential is a function of oxidant concentration and solution pH. 

>otassium permanganate, as a general rule will oxidize anions more readily than 
] 

neutral molecules which are oxidized more readily than cations. 

Z-2 > HZ- > H,Z > H,Z+ 
i 

I! I 

I 
/ Potassium Permanganate: REDOX REACTIONS 

1 

Potassium Permanganate: OXIDATION EXAMPLES 

l Divalent Manganese: Mn2+ 

3Mn*+ + 2 Mn04-+ 2 H,O-+ 5 MnO, (s)+ 4 Hi 

1 part Mn2+ requires 1.92 parts KMn04 

1 part KMn04 will oxidize 0.52 parts Mn’+ 

l Divalent Iron: Fe2+ 

3 Fe 2+ + Mn04- + 4 H+ +Mn02 (s)+ 3 Fe3+ (s) + 2 H,O 

1 part Fe2+ requires 0.94 parts KMn04 

1 part KMnO, will oxidize 1.06 parts Fe2+ 

l Hydrogen Sulfide: H,S 

?eaction shown under neutral conditions: 

http://www.caruschem.com/CXPOTPER.HTM 7/26/ 1999 
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3 H,S + 4 MnO,-+ 2 SOd2- + So + Mn02 (sj +3 MnO tsj + 3 H,O 

1 part H,S requires 6.2 parts KMn04 
1 part KMnO, will oxidize 0.16 parts H,S 

Specific Conductance vs KMnO, Concentration in Watei 

y= 0.7002x + 0.0915 

R'=O.9989 

0 2 4 6 8 10 12 14 16 18 20 
KMnO+gR 

KMn04 Concentration, % Specific Conductance, mS/cm @ 25°C 

0.08 
0.20 
0.40 
0.80 

:*i 
4:o 

:: 

II 

0.0508 
0.1303 
0.298 
0.596 
0.745 
1.576 
3.07 
7.39 
13.91 

CAIRO@ Potassium Permanganate: SAFETY AND HANDLING 

Packaging and : Most grades of CAIROX@ are available in 25 kg pails, 50 kg kegs, 
Storage 150 kg drums, 1500 kg cycle-bins, and bulk up to 48,000 lb. 

:, Special packages will be considered upon request. 

Under normal conditions, CAIROX@ is stable. It will keep 
! indefinitely if stored in a cool, dry area in a closed container. Avoid 
: contact with acids, peroxides, and all combustible organic or 
’ readily oxidizable materials including metal powders. With 

http://www.caruschem.comKXPOTPER.HTM 7/26/ 1999 
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Handling and 
Protective 
Equipment 

7rst Aid 

‘ire 

( 
i 

f 
( 

I 
t 

t 

.L 
i 

f 
1 

1 t 
L 

hydrochloric acid, chlorine gas is liberated. It may decompose if 
exposed to heat (>I 50°C/302”F). 

Where exposure to air-borne CAIROX@ may exist, a user should 
wear goggles, rubber or plastic gloves, and an approved NIOSH- 
MSHA dust and mist respirator. Normal clothing that covers arms 
and legs and a rubber or plastic apron are suitable attire. Always 
provide ventilation in the work area. 

CAIROX@ potassium permanganate is often fed as a solutilon, 
generally at concentrations ranging from 1 to 4%. Wear the same 
type of personal protective equipment when working with a 
permanganate solution. 

Following exposure to CAIROX@ potassium permanganate, brown 
stains of manganese dioxide often form as a natural decompositior 
product. These stains are harmless and can be removed using a 
solution composed of 3 parts 3% USP hydrogen peroxide, 4 parts 
5% food grade white vinegar, and 3 parts tap water. If used to 
remove the stain from skin, wash off excess when the stain is 
gone. Do not use if skin becomes red or irritated, or on sensitive 
tissue such as eyes, mucous membranes, open wounds, or burns. 

First aid treatment for eye contact involves water flushing for at 
east 15 minutes, holding lids apart to insure that the entire surface 
s flushed. Never attempt to neutralize chemically. 

Contaminated areas of skin should be water washed immediately, 
and contaminated clothing and footware should be removed. 

‘or an inhalation problem, move the person out of the 
zontaminated area to fresh air. Administer oxygen if required. 

n the case of accidental ingestion, give large quantities of water if 
he person is conscious. 

Seek medical attention immediately for all forms of contact if 
:he situation warrants. 

-ires involving CAIROX@ may be controlled and extinguished by 
lsing large quantities of water. Do not use dry chemical, CO,, or 

-talon extinguishers. If fumes are present, wear a positive 
wreathing apparatus and full protective clothing. 

Home 

CAIROX@ is a registered trademark of Carus Corporation 
Copyright 0 1997 Carus Chemical Company, Peru, IL 61354 USA. All rights reserved 

Last Updated: 9123197 

Carus Chemical Company 
315 Fifth Street l Peru, Illinois 61354 

http://www.caruschem.com./CXPOTPER.HTM 712611999 
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315 Fifth Street l Peru, Illinois 61354 
l-8004%6856 l FAX: l-8151224-6697 
E-Mail: salesmkt@.caruschem.com V 

CARUS 
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1 Section 1 

:.,.., 

ChemicalProductandCompanyI&&i&&k 

J ’ : -. 

PRODUCT NAME: 
SYNONYMS: 

I ~ :- .A-&‘ter..- . CAIROX Potassium Permanganate, *“O, -. ~..::f.y-.“” 
-:$l ~DEXtME: CAIROXB Potassium Permanganate 

Permanganic acid potassium salt r‘. +.> :%-ii t.,:y$: / I: ‘.,. .:,‘,“;,,: ,,.: “_ 
Chameleon mineral 
Condy’s crystals I ~. .‘” 
.P&manganate of potash 

. . .“S., 

MANUFACTURER’S NAME: CARUS CHEMICAL COMPANY .. TELEPHONE NUMBER FOR INFORMATION: 8 I5\223-1500 
. . 

MANUFACTURER’S Carus Chemical Company .I:: ‘. : EMERGENCY TELEPHONE NO.: 800\435..6856 
ADDRESS: 1500 Eighth Street -I k 

P. 0. Box 1500 .” 

LaSalle,IL61301 CHEMTREC TELEPHONE NO.: 800\424-9300 

jSection 2 
_ ‘. 

Composition/Information on Ingredients 

Material or component CAS No,. _; ” : . y. ; “;,::.‘;’ Hazard Data 
Potassium Permanganate 7722-64-7 -,I : 55% ‘min xMn0, PEL**C*** 5 mgMn per cubic meter of air 

‘: 
(h&n pa cubic meter of air is equivalent to 0.0046 
CWIELI per IO00 cubic fea of air) 

TLV-TWA***’ 0.2 mg Mn per cubic meter of air .I 

. Chemical Abstract Sewice Number 
*. OSHA Permrssiblc Exposure Limit, manganaecwrpoundr (orp& &Y Mn) 29CFRl910.1000 Table 21 

..I Ceilmg Exposure Limo or maximum exposure conowmtion not to be exceeded under any arcumrt~ces 
..I. Amencan Conference of Govemmmtal Indmtial Hygiairrs 1998. for mangarae dust and compounds. expressed as Mn TLV-TWA = The time weighted average canmmdon for a 

normal S-hour workday and a 40-hcur vm.-kw& 10 wbicb nariy ail waken may be repearediy exposed, day after dry. wnthom advare effect. 

~ Section 3 HazardsIdentification 

1. Eve Contact 
Potassium permanganate is damaging to eye tissue on contact. It may cause severe bums that result in damage to the eye. 

2. Skin Contact 
Prolonged contact of solutions at room temperature may be irritating to the skin, leaving brown stains. Concentrated solutions at 
elevated temperature and crystals are damaging to the skin. 

3. Inhalation 
Acute inhalation toxicity data are not available. However, airborne concentrations of potassium permanganate in the form of dust or mist 

may cause damage to the respiratory tract. 

4. lneestion 
Potassium permanganate, if swallowed, may cause severe bums to mucous membranes of the mouth, throat, esophagus, and stomach, 

Responsible Care” 
APMic CommBment 

, 



I-- 

/ Section 4 First Aid Measures.. 

I. Fyes 
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. 

2. g&t 
Immediately wash contaminated areas with water. Remove contaminated clothing and footwear. Wash clothing and decontaminate footwear before 
reuse. Seek medical attention immediately if irritation is severe and 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. lneestion 
Never give anything by mouth to an unconscious or convulsing person. If person is conscious, give large quantities of water. Seek medical attention 
immediately. 

NFPA* HAZARD SIGNAL 

Health Hazard I = Materials which under tire conditions would give off irritating combustion products, 

(less than I hour exporure) Materials which on the skin could cause irritation. 

Flammability Hazard 0 = Materials that will not bum. 

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 

FIRST RESPONDERS: 

Wear protective gloves. boots, goggles, and respirator. In case of tire, wear positive pressure breathing apparatus. Approach incident with caution. 
Use Emergency Response Guide NAERG 96 (RSPA P5800.7). Guide No. 140. 

FLASHPOINT None 

FLAMMABLE OR EXPLOSIVE LIMITS 

EXTINGIJISHING blEDlA 

Lower: Nontlammable Upper: Nonflammable 

Use large quantities of water. Water will turn pink to purple if in contact with potassium 
permanganate. Dike to contain. Do not use dry chemicals, CO,, HalonO or foams. 

SPECIAL FIREFIGHTING PROCEDIJRES 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 breathin g apparatus and full protective clothing. 

IJNIJSIIAL FIRE AND EXPLOSION HAZARDS Powerful oxidizing material. May decompose spontaneously if exposed to intense heat 
(I 5OC/302”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. 

Responsible Care” 
A Public Commitment 



! Section 6 Accidental Release Measures -~ 

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED 

Clean up spills immediately by sweeping or shoveling up the material. Do not return spilled material to the original container. Transfer to a clean 

metal drum. EPA banned the land disposal of DO01 ignitable waste oxidizers. These wastes must be deactkated by rsduction. To clean floors. tlush 
with abundant quantities of water into sewer, if permitted by FederaLState, and Local regulations. If not permitted, collect water and treat 
chemically (Section 13). 

PERSONAL PRECAUTIONS 

Personnel should wear protective clothing suitable for the task. Remove all ignition sources and incompatible materials before attempting 

clean-up. 

I Work/Hvpienic Practices 

Wash hands thoroughly with soap and water after handling potassium permanganate, and before eating or smoking. Wear proper protective 
equipment. Remove contaminated clothing. 

Ventilation Requirements 

Provide sufficient mechanical and/or local exhaust to maintain exposure below the Permissible Exposure Limit (PEL). 

Conditions for Safe Storape 

Store in accordanced 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 anti-freeze and 

hydraulic fluid. 

_.... _._.. _..... -_--.---._- -__ - -___-- 

’ Section 8 osureControIs/&sonal Protectip~~E*it 

Respiratory Protection 
In the case where overexposure may exist, the use of an approved NIOSH-MSHA dust/mist respirator or an air supplied respirat.or is advised. 

Engineering or administrative controls should be implemented to control dust. 

Faceshield, goggles, or safety glasses with side shields should bc worn. Provide eye wsash in working area 

Cloves 
Rubber or plastic gloves should be worn 

Other Protective Ecluipment 
Normal work clothing covering arms and legs, and rubber. or plastic apron should be worn. 

Responsible Care” 
A Public Commitment 



/Section 9 
-. ____-_-- 

Phvsical and Chemical Properties 

APPEARANCE AND ODOR Dark purple solid with a metallic luster, odorless 

BOILING POINT. 760 mm Hg Not applicalbe SPECIFIC GRAVITY 2.7 @ 2O‘E (6PF) 

VAPOR PRESSURE (mm Hg) Not applicable VAPOR DENSITY (AIR=11 Not applicable 

SOLUBILITY IN WATER % BY SOLUTION 6.0% at 20°C (68°F); and 20% at 65°C (149°F) 

PERCENT VOLATILE BY VOLUME Not volatile 

EVAPORATION RATE (BUTYL ACETATE=I) Not applicable 

MELTING POINT 

OXIDIZING PROPERTIES 

Starts to decompose with evolution of oxygen (0,) at temperatures above l5ouC (30pF) 

Strong oxidizer 

STABILITY Under normal conditions, the material is stable. 

CONDITIONS TO AVOID Contact with incompatible materials or heat (>lStK/302”F) 

[NCOMPATIBLE MATERIALS Acids, peroxides, formaldehyde, antifreeze, hydraulic flluids, and all combustible organic or readily oxidizable 

inorganic materials including metal powders. With hydrochloric acid, toxic chlorine gas is liberated. 

HAZARDOUS DECOMPOSlTlON PRODUCTS When involved in a fire, potassiuim permanganatc may form corrosive fumes 

CONDITIONS CONTRIBUTING TO HAZARDOZJS POLYMERIZATION Material is not known to polymerize. 

Section 11 
-._ --~.... 

Tonicoloaicai Information 

Potassium Permanganate: Acute oral LD,(rat) = 780 mg/kg Male (14 days) 525 mg/kg Female (14 days) 
The fatal adult human dose by ingestion is estimated to be 10 grams or 0.35 ounces. 

(Ref. Handbook of Poisoning: Prevention, Diagnosis & Treatment, Twelfth Edition) 

EFFECTS OF OVEREXPOSURE 
I. Acute Overexposure 

Irritating to body tissue with which it comes into contact, 

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

3 Carcinogenicitv 
Potassium permanganate has not been classified as a carcinogen by OSHA, NTP, IARC 

3. Medical Conditions Generallv Aggravated bv Exposure 
Potassium permanganate will cause further irritation of tissue. open wounds. bums or mucous membranes 

Kegisiry of Toxic Effects of Chemical Substances 
RTECS tm6476000 
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Section 12 
._-.._ .- .-....-.. -.. ---- ..__I_ -_ __~... .__.. _ 

Ecologicalinformation 
.a -3 

Entn:totheEnvironmcnt 

Potassium Permanganate has a low estimated lifiime in the environment, being readily converted by oxidizable materials to 
insoluble MnO,. 

Bioconcentration Potential 

In non-reducing and non-acidic environments MnO, is insoluble and has a very low bioaccumulative potential. 

AauaticToxicity 

Rainbow trout, 96 hour LC,,: 1.80 mg/l 
Blugill sunfish, 96 hour LC,,: 2.3 mg/l 

__- 

i Section 13 Disposal Consideration 

DEACTIVATION OF DO01 IGNITABLE WASTE OXIDIZERS BY CHEMICAL REDUCTION 

Reduce potassium permanganate in aqueous solutions with sodium thiosulfate (Hypo), a sodium bisulfite or ferrous salt solution, The biosulfite or 
ferrous salt may require some dilute sulfuric acid to promote rapid reduction. If acid was used, neutralize with sodium bicarbonate to neutral pH. 
Decant or filter, and mix the sludge with sodium carbonate and deposit in an approved landfill. Where permitted, the sludge can be drained into 
sewer with large quantities of water. Use caution when reacting chemicals. Contact Cants Chemical for additional recommendations. 

_ _ .--_- _ 

I Section 14 Tranwort Information -em-P 4Gwa.3 

DEPARTMENT OF TRANSPORTATION INFORMATION: 

Proper Shipping Name: 49 CFRl72.101.. ............................................................ Potassium Permanganate 

ID Number: 49 CFRl72.101.. ................................................................................ UN 1490 
Hazard Class: 49 CFRI 72.101.. .............................................................................. Oxidizer 
Division: 49 CFRl72.101.. .................................................................................... 5.1 

Packing Group: 49 CFR172.101.. .......................................................................... II 

,- --.. .--. _-.... --.-._-.__. ---.__-_. _____ _. ._ 
’ Section 15 

TSCA Listed in the TSCA Chemical Substance Inventory 

CERCLA HazardousSubstance 

Reportable Quantity: 40 CFRI 16.4; 40 CFR302.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RQ-100 lb 

RCRA Oxidizers such as potassium permanganate meet the criteria of ignitable waste. 40 CFR 261.21 

SARA TITLE III Information 
Section 302 Extremely hazardous substance: Not listed 

Section 3 I I13 I2 Hazard categories: Fire, acute and chronic toxicity 
Section 3 13 Cairox Potassium Permanganate contains 33-35% manganese as part of the chemical infrastructure (manganese 
compounds CAS Reg. No. N/A) and is subject to the reporting requirements of Section 313 of Title Ill, Superfund Amendments and 
Reauthorization Act of 1966 and 40 CFR 372. 

Responsible Care” 
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/ Section 15 Regulatory Information (cont.) 

STATE LISTS MichiganCritical Materials Register: 
CaliforniaProposition 65: 
Massachusetts Substance List: 
Pennsylvania Hazard Substance List: 

Not listed 
Not listed 
5F8 
E 

FOREIGN LISTS Canadian Domestic Substances List (DSL) 
Canadian Ingredient Disclosure List 
European Inventory of Existing Chemical Substances (EINECS) 

Listed 
Listed 
Listed 

I Section 16 Other Information 

NIOSH 
MSHA 
OSHA 
NTP 
IARC 

National Institute for Occupational Safety and Health 
Mine Safety and Health Administration 
OccupationalSafetyandHealthAdministration 
National Toxicology Program 
International Agency for Research on Cancer 

KennethKrogulski 

February 1999 

L 
CARUS 

Resmonsible Care” 
A Puck Commitment 

The informatron contained is accurate to the best of our knowledge. However, data, safety standards and government regulations are subject to change: and the conditions 
of handlrng, use or mrsuse of the product are beyond our control. Cat-us Chemical Company makes no warranty, either express or implred including any warranties of 
merchantabtlity and fitness for a particular purpose. Carus also disclarms all liability for reliance on the completeness or confining accuracy of any information included herein. 
Users should satrsfy themselves that they are aware of all current data relevant to their particular uses. 
Rev. 2/9? Form i; CX i026 Cairox‘ is trademark of Carus Corpora- 

t1on. Responsible Care' is a service mark of the Chemical Manufacturers Association.22 



To: Mr. Ma& Salve@ 
Hanling Lawson & Associates 

From: Ms. Jessie Nicker-son 
Cams Chemical Company 

Date: 2 November, 1998 
fax #: (781) 2463060 
No. Pages: four (4) 

Re: CAIROX@ Potassium Pe xmzqanate Test Results 

Dear Mr. SaIvetti: 
n 

Attached for your review axz the resuIts of our laboratory testing for the treatment of TCE and PCE 
contaminated water sample. As you can see by the data, CAIROX potassium pcimqpnace was very 
effective at t&e TCE removal and, with enough dosiog and time, effective on the oxidation of PCE3 as well. 

If we can answer any additional questions for you please feel free to call me at (8132266501. M-while, 
we look forward to working with you on this projtct Please call me if you would like to discuss price and 
delivery,of our product or if you also would like to discuss permanganatc feed equipment (rental ad/or 
purchase) for this project. Thanks and I look forward to hearing from you. 

fl Jessica L. Nickerson 
Industrial Sales & Marketing Manager 

CC Dave Amarante 
Phil Veila 



CARUS CHEMIcAlt COlwANY 
Technology ad Qual@ 

IIldust.Iial. Remxt 

29 October 1998 

cc: D. Ammante 

Groundwater .sa.mpks were re&ved’%m Harding Lawson aad A&&as cm 10 Saptt~~&c~ 1998. 
The samples were coUeted 9 September 1998 Mm a site contaminated with TCE and PCE. A 
CAIRO* tzceadm study was rfxpS* to d,cfermine the effecls 0C potassium pcrmanganate 
@QkfnO~) on Tq and PC35 

From informatian provided L&c rtsacxion hnc was limited M between 1 and 2 hours. Tre&.uetit of 
the samples with pot3ssiu.m pennangauate was conduc@d at those two times, and &e results are 
g-ivcx~ in Tables 1 **d 2.. Figures 1 and 2 show ti removal of WE with respect to KIdnO 
commmdon. Because the TCE Iev& WR effectively removed at the fiirst permanganate dose, 
those results are not shqwn gfapllical~.y. 

From the cI.ah it is; evident that TCE and PCE keels cau be IOW~XCCI to < 20 m with CAIROX@ 
potassium permmxgauate- Removd is a function of both ~tion time and i&k1 KMnO4 
Conce(LtLaton.‘ Beacusc of the rapid -and CompIctc oxidation of TCl3 and PCE& CAIROX@ 

ta&um penmutganate can be used in a pump and III% system witi the tseatcci water (if tiuwti 
R” y regulations) disc&q@ back into the grounrl 

/ ’ 

I ,,. ., ’ 

-;. 
‘ 



Table 1. TCEPCEZRemoval: 1 %urReactiox~Time 

KMno4C~on -icEi co- * -*-on PCE coIlmon** 

b@U 04s~ 
f 

(mg/L) 

d 0.055 3.170 

loo 0.010 3.037 

250 *ND 2.126 

500 l-977 

loo0 .wD 1225 

2ooo *ND 0.453 

* 0.0521 

. . 

fP-7 
3.m 
2.750 
2500 

2250 

~2oao 

% E 1.750 

1.500 

12scl 

l.nQn 

0.750 

dsoo 

0.250 

o.l-Iilo 
0 1CQO 2ooo 3ooo 4000 

K&104 Concentration (m&L) 
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Table 2 TCHPCJi Rtx~~ovak 2 Hour Reachon Time 

jmkl~concenrradon Tcnco~6Il PCE conc~on** 

bm (m& @gW 

0 0.055 3.147 

100 BDL 2.540 

250 *ND 2.098 

500 *ND 1.222 
iooo~ fND 0.486 

2600 *ND 0.092 

4000 *ND I -MDL 

iBDL Below DeAechox~Levd of#.OlO mg/.L 
*ND NotDetected : ’ ** All red.k are cmcted for dilution 

uu4 
&07 

, 

KMnO4 Concentration (mg/L) . 
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To: Mr. ScoRBosh 
Hardin,aLawson &&06ses 

mnK , Ms.JessicNickason ,; .. 
cans cilclnid ComIwny 

aate: 2 November, 1998 
hulk (MO) 656-3386 
No. Pages: fbtx (4) 

Re: cAIROX@ PoMum PemaBgan amTestR4?sults 

Jessica c ?Qkxson Jessica c ?Qkxson 
IadusuiaI Saks Brmeting Maragcr IadusuiaI Saks Brmeting Maragcr 

Dave Amanmt 
Phil W&l -.” 
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CARUS czTiEnbcAI,. COMPANY 
TtxhdqgaudQusrllfy 1 
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GBOOP 

29 Cklubtx 1998 

T&e 1. Fdkx of ICI+&04 on TCE and PC& Luw KMnO4 Doss 
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0 0 I WL 0.0165 

2ss500 ; O-012 0.0297 

5,000 *ND 0.0297 

7200 O~Olsg 

10,000 o-or 22 

Kgoo t *alYL I 
20,m *lw -rSIlL 

0 G=L) “*mL 0.0275 - 

VND Not- 
.** s3&& ~Lc!vcls ofd3.010ln& 
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315 Fii Street 
P.O. Box 599 

Peru, IL 61354-0599 
Tel (815) 2231500 
Fax (1615) 2X-6697 

TO: Mark Sakti I Harding Lawson & Associates 
FAX #: 3 Z(781) 246-5060 ’ 
FROM: Dave Amarante 
DATE: December 18,1998 
PAGES (including cover): 2 

Subject: KMnOr Demand Study Res&s 

Mark: 

Here are the test &ults of the KMn04 demand study performed by our laboratory. The 30 minute demand test 
showed that soil samples V4Sl2071 and V4S12072 consumed 588 mgk and 359 mgll. of potassium permanganate 
respectively. Thii of courk axAd vary during a full-scale field appiiin. ;I . 1 ., 

if you have any further questions or need additional information, please contact us at (800) 4354856. Thank you for 
interest in Cairo@ and have a h?pp$‘hdiday.’ 

.) 1, ! -: : ; , 

David Arnarante 

-._-- . . -.- I 
nsible to deliver t b the intended rec&@ you me hereby notiiicd that any dlssmdnatim. diibutn 

1tl0n fn error. cabsa n~tifv US hnmadblelv bv ~&&one. and r&m fie orbbrat menage to 
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CARUS CHEMICAI, COMPANY 
Technology and Quality 

Industrial ReDoq 

Customer: Harding Lawson and Associates cc: 
OrIando, FL 

D. Amarante 
I. Nickerson 

TECH 7259 K PisarczyIc 
P. VeIIa 

Attentionz . Ivlarksalvetti 

Author: B. v$?I-qlda ‘1 ; 1 : 

Shbjecc KMnb4 Demand of PWI’&%ontaminated SoiI 
; t i 

Two soil samples we= received from Harding Lawson and Associafes on 8 December 1998. The 
samples were coIIected 7 December 1998 from’opposite ends of the site where a pilot study for 
TCE/PCE oxidation with potassium permangapate is to take place. A CAIROX@ potassium 
permanganate demand was requested to determine the demand of the soi surrounding the 
contaminated atea 

The potassium pemqganate *d is the amount of permanganate consumed in a given amount 
df time. ‘For this teFfin& tie tune was 30 minutes. It can be assumed that the soil wiU have a 
slightly higher Fonspption rate as the contact time is increased. The results are presented in 
Table I. 

3 ! ‘I. / * ‘y r 

Tab@, 1: ,,Potassium Pexmanganate Demands of Soil Samples from . 
Harding Lawson and Associates 

: -, . . 

Sample ID 30 Minute 
KIMnO Demand (mg/L) 

2: I.. ,V4SI2071 e% . 588 
:1. .: I 

i V&$i2072 359 
‘7 .’ , . . 
! ii : , ,:i L 

s i,,, !I’. : 

ti 

. . . . 

i) 

. 
I I 

‘ ;, 

_. 

. 3 

,..-, 



JAN-25-99 14:47 FROMzHARDING LAWSON Tid%i? ID:14079966150 PACE 5/6 
,: 

Date: 01,/25/99 
Time: 11:35:22 
(Mountain Time) 

From: Debbie Hula , To: Mark To&so 
Quanterra Inc, 
4101 Shuffd Drivi:& : 

Harding Laubon 

Norta Canton, OH ,$497jLO , 4 40743966150 . 
voice: 330-497-9396 !"I . 
fax: 330-497-0772 ia' ; 

. 

Ntynber bf ?a& 
Xnclud5ng Cover Sheet: 02 

The, infomkgktion~c0atai.n~ in Ws facsimile transmission is privileged and 
confidential information; intended only for the use of the indiv5dual or 
entity named above. If :the r?ader of this message fs not the intended 
recipient, you are hereby notlfi# that any dissemiaatioa, distribution, or 
copy of this communication is strictly prohibited. If you have recwived this 
coarpaunication iq error, ! please notify UG by telephone- Thank you- 
""'-""""""7c-----------------------------------------------~---------- 

, 
: a '. * ,; 

P 
Quote Numb&: 026880 
Project Number: 

' 

Project Nazae/Sitt$: NTC ORLANDO OU4 
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~~~-25-99 14.47 FR~M=HARDINc~ LAWSON ASSOC ID.14076966150 PAGE 6/6 

QtMTmU2A I?K~TED 

PRELUIITIABP DATA SumrARY 
I 

---__-------------------- ----L-d-w----------- r4 ----------------_---____________________----- b -i 

me results shown below uy still require additional laboratory review and are subject to 
change- Actions taken ba6edonthese result.6 are the zmqxm6ibility of the data user. 
-.-----,------------------------t------------------------------ --------------------_______e______ 

Bardipg Lawson PAGE 1 
Lot #: ABL160185 'NTC ORLANDa ou4 Date Reported: If 25/99 

REPORTING mAL!mxcAL 
pAaamRTRR pX7LT K.K?YKT lJRITs HEZ'EOD 

CJ.ient Smple ID: WSlZO'IL. 
sample t : 001 Date !Gampled: lZ/15/98 11:15 Date Received: 12116198 Matrix: SOLID 

Inorganic Analysis RCVitned 
Total Organic Cab; ' L~ooo 130 !%a WW-BLaC 
Total Residue as ' 79.5 0.10 WWW 160.3 MOD 

Percent solids 

Cj.ient Sample ID: ~4Sl.2072 
2' 

!baplr 1); '002 bate S~lkd:'~12&/98 11:45 Date Received: l2/16/98 Matrix: SOLID 

Inorganic Analysis i Revieww 
Totabrqaziic -n i2QO 

4: 
100 www SWA -Y-me 

Total Residue as 98.9 0.10 x MCAWW 160.3 CICX) 
Percent Solids .R I i 1 

Ar~~~rtcrti#l~~~bcm~jmtcdfa4wi*rr. 

. . 

: ! 
, 



CAIROX Materials 
Potassium Permanganate 
ch!s ReBisy t’a n22-64x 

FACT SHEET 

Compatibility 
Chart 

SOLuTfoN pH 

Fe-yM-ls ., 
AciUiC NWal Basic 

L .:,; ,i j .mi 

c;noon&l . _. ,:... :,:. ..: . . . . !..*.. ‘f&l 
jGEs :;& ’ 

Black Iron , . . . . . . a.. , . . , . , , . . . NO YES YES 

Galvanfz~Steel . . . . . . . . . . . . :....:.,. NO NO NO 

Stainless Steel’ 

304 .f ,...........I......,.,.... YE’ “YES ‘YES ’ 

316 .:..: . . . . . . . . . . . . . . . . . ‘: . . . . . @ YES YES 

420 . . . . . ?... iEt+? YES YES 

12% Cr _... . . . . . . . . . . . . . . . . . , ,* YE!3 YES5 

17%Cr _..__.__.....,......_..._ - YEsj YES= 

Carpenter 20 . . . . ,. . . . . . . . YES YES YES 

Non-Ferrous Metals 

Aluminum ‘. , , 

Copper 

Lead _ . ‘: . . 

Nickel . .._.. 

Tantalum :... 

T.d . . . 

Titanium ‘. 

Zinc . . . . . . 

Zlrcmium? 

. 
. 

. 

* 

. * 

. 

. . . 

. 

. 

. 

. 

NO YES’ 
NO Y-EC? 
NO YE!? 

YES YES 
. . 

YE!3 YES 
. YES 

NO NO. 

YES YES 

Nd 
NCF 
N05 
YES 

. 

MS 
YES 
NO 
YES 

alass . . . ..*..............__..._ 
eroitze _.._;..._..........*,.... 
Hastalloy 

. . . . . . . . . . . . . . . . . . . . . ..___ 

825 . . . . . . . . . . . . . ..____...... ~ 

840 _..,.....,..........______ 

Monel? 

400 . .._........I..........___ 

Womxuioo ml avallable 

SOLUTtON pH 

zdic Neutral Basic 

NO YES YES 
. NO YES YES 

. NO NO NO 
. YES YES 

. YES YES 
I YES Es 
. YES YES” 

. YES r/Es 

SPECldl NOTES FOR METALS COMPATIBILITY 

1. Stainless Steels have a high corrosion rate when chlorides ara 
present in the permanganate solution. lhey are not compatible 
with hydrochbric acid (HCI). 

5. 

2. An accelerziled corroaon raIe was found when nitric acid is used 
to acidify permanganate solut~ofls. 

3 Compatible at room temperature only. 
4. Only ‘FAIR’ or ‘MOCJERATE’ life when used with permanganate 

solutions. Short-term use would be acce&able. 

6. 

7. 

8. 

9. 

Unsuitabic with alkali, such as sodium hydroxide or potassium 
hydroxide. Should not be used witf~ alkalii penmanganate solu- 
tbns. 

TAIR’ with oermanganato solutions. 

WOOERATE’ life below lOOF. 

InCOioy 640 falled when used as the ‘sheath‘ rnaterlal for an 
immersion heater in a 2% to d% @wnanganare solution. 
Tested iit pH 3, 7. and 9. 
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PLASTICS AN0 QiHER NON-METALS 

p~sircm p&nganete solljtions can affect me stretwttt flexlbiliry, sw-hce appezvance. or color of plastics. fhe 
&tmid sttai;lc tha( cc&l cause base ChangQs might include: (1) oxidaticfi of the polymer chain, (2) oxidahn r---B 
CA the functional groups in or on the chain. k(3) de~olymerlzati& 

Fibers 

&et&$ ........................................ Es 
.............. ..a............., .......... YES 

@ttorl .................. .-............,........., . No 

Won (Pdyami~s) ...... . . ..-.-..w ................. No 
Orknl ..... ..-.-...-...., ...... ..-...-............ -No 
Paper 

...... 
._...,......s.......- ...................... No 

Pdye3Iecs .i..: -. ............... c. ... ;? ..... ., ... ..1. YES’ 

Silk ‘-’ .... .._ _.......,... .. ..-._....._....._ ....... NO 
... ..i........................- .. ..--...*... If-40 

Tank, Tank Linings, Pump, and other , 

Equipment ‘ConstructIon Materials 

At3sPk3sk ...... ..-..-...-.........a... ......... YES 
&.&&fj&& ____I : ‘I’! . * . .‘. ......... .. .I:. .... _. ..... , NO 

c&w-ilk . .,~. ?. ................ a.) I. 4. .......... ..c. YES 

Epoxy&in, ..: ____.; ............. :...a:.....,.;..., .. In&? 

&ran Resin .\ . .(. ..... _ ......... ..‘;.....:...i.:.; ... YES’ 

Gla66 .......................................... YES 

Lucite (actylic resin) ............................. . YE!3 

~enol-Fwnaldehyd~ Resin ......................... NO 
PhcmolicFksin .......... . ................... . ... . .YE!$’ 

*reneCopo~era ... ..~.~...............! ...... . yEs’ 

Polyalkxner _ ................................. . .... YE!3 

mybutykne ...................................... YES 
polycarbonate ...... ..‘............].....: ........ NO 
polyemyle~...............................~ ....... YES2 

Polyprowlene ................................... YES3 
p&slyrene .................... .‘, .. , ....... . ...... NO 
Poly3urtone ....................................... YES 

Polyurethane . ............... ..-......- .......... 

Polyvlryl Chloridk I ............................... z 
Polyvinyl Chloride II NO 

i 
................................. 

Hose, Tubing, Pipe, and Gasket Materials 

Asbestos ........................................ NO 
chlorinatedPotyvlnylch4rii(cPvc) .-- .._ ..--.--- . . YE9 

Ethylene hpylerte flubber (EPA) .................... NO 
EttvknePm~kneTerpolymen(EPT) ............. \,, YE9 
klycw ........................................... NO 
ePab ........................................ 
Nalud Rubber .................................... No 
Nile BuIadiwe Rubber (NEIR) ...................... NCF 
Neoprene ........................................ NO 
Norpcene ....................................... YES 
Pantoll ......................................... YES 
PolyphenyheOwides (WV) ....................... YES 
Pdyvinylidene chlaicie (Tygon) ..................... YES 
Polyvinyfidene+hmride 0 ...................... YES’ 
Sty~m lhmkme Rubber (SW) 

BunaN ....................................... NO 
BunaS ........................................ NO 

Teflon FIY ...................................... YES7 
T&TFE ....................................... 
vih ........................................... z 5 ‘, I, 
Oils; Greases, and Lubricants 

All oils, greases, and lubricants must be tested for cam- 
patibiiii with potassium permanganate. 

When unknown. assume that potassium permanganate will 
react with these Earnpounds resulting in fire and/or explo- 
SiOIl. 

- 
c :1 .: 

-. - i. 
L- 

SPECIAL NOTES FOR PLASTICS ANd OTHEir NONWZTALS 

1. Temperatures up to 20(7 F 
2. Oiscohxed al 14V F 
3. TemperatOrtS of 66’ - 17e F 
4. Tempera&e4 up to 140” F 

S. T&perawres of 6LT 1 ISO’ F 

6. Temperahtres to 66’ F 
7. Temperatures of 68’ - 246’ F 

I’ , 

fhe ~~Q~IT@o~ contained mein is aaurme to Ihe bust of our knowledge’Ii-ar, data, salcty standards and g-m mgulatkma 
m wbjac to change, and. lhemfom. holecra and USM should satisfy thtmrlwa that they erS swam of atl current data and rrgukfi~na 
dcant &J mtir particular use of pmducL CARUS CHWCAL kmPAf4Y Dlwf#5 ALL UM9LilV FOR RELtANCE ON THE COMPLETE- 
r&tj$ DR ACCURACY OF THE INMRMATlON INCLUGED HEREIN. CAAUS CHEMICAL COMPANY MAKES NO WAR-, EI’WER 
EXPRESS OR IMPLIED, INCLUDING. GUT NOT LlMm TO, ANY WARRARTl E!4 OF MERCtW~ABnnY OR FITNESS FOR A PARTICULAR 
USC OR PURPOSE OF THE PRODUCT DESCRIBED HEREIN. All conditions mlaiing la sbwagc, handling. and - ot the p-am beyond 
th controt of Caws Chemld Company. and rhall be rhc sok responsibiii of the holder or user of the pmeun 



Determination of CAIR,OX? Potassium Permanganate 
1 

Residual for’ wastewater Applications : 
(Proposed Carus Analytical Method 105: Spectrophotorxqicj 1: ‘. 

I* . . 
Objective: This method can be used to deuxmine the residual CXIR~@.~&xassium 
permanganate in water using standard spcctrophotomerric methods, i’ i j :: { ! ; 1’ : 

Procedure: 
,.::..:;.:;, 
% . : ; ; : “““” . ,. ,, . ,’ 

1. 

2. 

3. 

4. 

5. 

._,. ‘S\.‘.‘.‘. :. 
. : . . . : ; 

Prepare a standard CAROX@ potassium pcnnanganat~~:so~~~n by measuring 
1.015 g KMnO4 into a 1 liter volumetric and diluting ti;:ti@@uk with distilled 
water. This will result in a 1000 mg,& stock solution. _ .: .1:’ ‘Y. ’ 1: : :: :. : . ;,. , 
From this stock solution, prepare KMnO4 stan&&$ib~~~%&ge of 0 to 50 mg/L. 
For rmproved accuracy, a minimum of three (3) .standaxds. shckld be used to generate 
a calibration curve. 

. . I ., , ., I . . .: . . . . . ,‘.’ ‘.I ,.. ,, ‘_ : ,: /..: .:. 
Generate an Absorbance YS Conccntratic$&l’ib?a$ioii cume for the standards 
prepared (Figure 1). The Absorbance: ! iS I m&@ied at 525 nm and the 
resulting cuwe should be a straight line.. :. ‘; : ) : :’ ‘, : ! ,I ; : :. .: : 

.; ‘. : . ,.; ;,;“. ‘.: 
Obtain a sample of unknown concer&&n ad:f’i&r thtiugh a 0.45 pm (oxidant 
resistant filter. This is to remove any tiidi@‘&$ @In02 that may be in the water. 
Addition of alum or a coagulant :befb@’ fjltefing. may also be used to improve 
rurbidityandMn@removal. .-( :....::.i:,:,:.. ,. : . . ; ’ 
Use an untreated, fi,i,tered watk &a@k& &. ;h;: spectrophotometer. Measure the 
Absorbance of the filtered ELI%04 sa@E.’ Y-using the Calibration Curve, the 
concentration of the CAIROXT po&&@.,P@anganate can now be determined. 
(From the abs o rb ante reading draw,a iini&&s (parallcl to the Concentration axis). 
At the point it intersects the Ca&rati&‘C@&e; draw a Iine down fo determine the 
concentration). As an alteqx&iri,, :if ‘Ihe :Calibration Curve was generated by 
computer, the equation of:the:lie&’ may.& available. 
used fo calculate the concenuation..value. :: :. 

If so, the absorbance may be 

, , i ,. -: . ,. .,:” j : ; ” - 

Exunple: If tie Absorbann is l-10, 
the KMnO~ conccntratiem will be ,, ,, 
33 nq$L. . ,.. (, : ; . , :.,: 



APPENDIX C 

HYDRAULIC MODELING 
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Harding Lawson Associates 
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UNDERGROUND INJECTION VARIANCE 
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BEFORE THE STATE OF FLORIDA 
DEPAFtTTFIENT OF RNVIRONWRNTAL PROTTXX!ION 

In re: Harding Lawson Associates 
Petition for Variance 

OGC File No. 99-094.3 
/ . 

FXNAL ORDER GRANTING PETITION FOR' 
~XANCE FROM RULE 62-522.300(2)- 

On June 8, 1999, Harding Lawson Associates (HLllr), filed a 

petition for variance from requirements in rule 62-522.300(2)(a) 

of the Florida Administrative Code, under section 220.542 of the 

Florida Statutes and rule 28-104.002 of the Florida 

Administrative Code. The petition was for a variance from mzle 

62-522.300(2)(a), which prohibits a zone of discharge for 

discharges through well.e, in order to use a product for in-situ 

m-mediation of sites contaminated with certain compounds 

susceptible to oxidation by potassium.permanganate. This process 

involves the use of wells or borings which is considered 

installation of one or more temporary Class V underground 

injection control wells at the site of contamination, A notice 

of receipt of the petition was published in the Florida 

Administrative Weekly on July 9, 1999. 

1. Petitioner is located at 1080 Woodcock Road, Suite 100, 

Orlando, Florida 32803. 

2. HLA wante to perform in-situ chemical oxidation using 

potassium permanganate at sites with contaminated soils and 

ground water. 
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3. Under rule 62-520.420 of the Florida Administrative 

Code, the standards for Class G-II ground waters include the 

primary and secondary drinking water standards of rules 62- 

550.310 and 62-550.320 of the Florida Administrative Code. 

4. Concentrations of potassium permanganate at 7.6 grams 

per liter (Free Flow grade) or 11.6 grams per liter 

(Pharmaceutical Grade) will be injected through wells or borings 

Into soil and ground water. When the potassium permanganate 

solution contacts the contaminant molecule6, the molecular bonds 

are broken (oxidized). The by-products of this reaction are 

potassium, carbon dioxide, chloride ions, and manganese dioxide. 

Laboratory and field tests of in-situ chemical oxidation with 

potassium pennanganate have demonstrated the compound's 

effectiveness for reducing contaminant ooncentrations. 

5. When potas@m permanganate is added to the ground 

water, the secondary drinking water standard for color (15 color 

units) aray temporarily be exceeded. It is also possible that the 

secondary drinking water standards for total dissolved solids 

(500 mgm I aluminum (0.2 mg/L), manganese (0.05 mg/L),,silver 

(O-1 mw-4 8 and chloride (250 mg/L) could be temporarily '9 

exceeded. None of these parameters will be exceeded beyond a 

loo-foot radius from each point of injection, and any exceedance 

will not occur for more than 365 days. 

6. The injection of this product through temporary wells or 

borings is considered a type of underground injection control 

well, class V, Group 4, "injection vells associated with an 

aquifer remediation project,a'as described in rule 62- 

2 
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528.300(1)(e)4 of the Florida Administrative Code. Under rule 

62-528.630(2)(c), "Class V wells associated with aquifer 

remediation projects shall be authorfzsd under the provisions of 

a remedial action plan . . - provided the construction, 

operation, and monitoring of this Chapter are met." 

7. Rule 62-522.300(2)(a) from which this petition seeks a 

variance, prohibits the Department from granting a zone of 

discharge for a discharge through an injection well to Claris G-II 

ground wate.r. Strict adherence to this rule would preclude the 

Departmnt from granting approval for the use of the in-situ 

chemical oxidation ~5th potassium permanganate for remediation of 

ContaPainated ground water. 

8. The applicable rules state in pertinent part: 

62-522.300(l) [N]o installation shall 
directly or indirectiy'd&harge into any ground 
water any contaminant that causes a violation in 
the ground wate6 quality standards and criteria 
for the receiving ground water.as established in 
Chapter 62-520, F.A.C., except within a zone of 
discharge established by permit or rule pursuant 
to this chapter. 

62-522.300(2) No zone of discharge shall be 
allowed under any of the following circumstances: 

(a) Discharges through wells or sinkholes 
that allow direct contact with Class G-I and 
Class G-II ground water . . . . 

9. HLA has stated in its petition that to apply the zone 

of discharge prohibition to its use of this remediation proc:ess 

at contaminated sites would create a 6UbStantidl hardship. The 

petition also states that other methods of remediation not using 

chemical oxidation are not as effective, are more costly, and 

take longer. &mediation would improve the water quality, and to 

3 
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prohibit any exceedance of the specified drinking water standards 

in such a small area of already contaminated ground water and for 

such short duration would cause a substantial hardship. This 

small and temporary exceedance is not the usual occurrence, nor 

are most dischargers involved in $he remediatlon of contaminated ' 

ground water. By allowing the use of the in-situ potassium 

permanganate, the clean up of the contaminatld ground water and 

soils will be accelerated and returned to a usable condition. In 

addition, the use of the in-situ potassium permanganate has been 

tentatively .approved by the Department16 Division of Waste 

Management a6 being a sound4environmental solution to the 

contamination, 60 long a's HLA is able to obtain a variance. 

10. Zones of discharge for the use of the in-situ potassium 

permanganate are necessary because of the temporary (not to 

exceed 365 days) 'excqedance of the color, total dissolved solids, 

aluminukn, manganese, silver, and chloride standards in the ground 

water immediately.surrounding the injection. Because this ground 

water is already contaminated and does not meet all applicable 

standards, allowing a zone of discharge as part of a ground water 

CleanUp for remediation of organic contaminants meets the purpose 

of the underlying statute, which is to improve the gua'xity of the 

waters of the state for beneficial uses. Such contaminated 

ground water is not presently used for drinking purposes, nor is 

it ever reasonably expected to be so used, thus posing no threat 

to human health. 

21. The Department received no comments about the petition 

for variance. 

4 
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12. For the foregoing reasons, Ella has demonstrated that it 

is entitled to a variance from the prohibition of zones of 

discharge in rule 62-522.300(2)(a) for its remedial product, with 

the conditions below. 

a. Use of the in-situ potassium permanganate at 

contaminated sites must be through a Department-approved 

remediation plan, or other Department-enforceable document. 

b. The discharge to the ground water must be through a 

Class V, Group '4 underground injection control well which meets 

all of the applicable construction, operating, and monitoring 

requirements of chapter 62-528 of the Florida Administrative 

Code. 

C. The extent of the zone of discharge for color, total 

dissolved solids, manganese, aluminum, silver, and+ohloride shall 

be a loo-foot radius,from the point of injection and the duration 

of the zone of discharge shall be 365 days from the time of 

injection. This will allow ample time for the temporarily 

exceeded parameters to return to their secondary drinking water 

standards set forth in chapter 62-550 of the Florida 

Adminis&ative Code, or their naturally occurring background 

levels at the site, whichever is less stringent. 

d, The injection of the product shall be at such a rate and 

volume that no undesirable migration occurs of either the 

product, it6 by-prOdUCtS, or the contaminants already present in 

tqhe aquifer. 

e. The Department-approved remediation plan shall address 

appropriate ground water monitoring requirements associated with 
, 

5 
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the u6e of the In-situ potassium permanganate for remediation 

based on site-specific hydrogeology and conditions. These shall 

include the sampling of ground water at monitoring wells located 

outside the contamination plume, before use of the in-situ 

potassium permanganate, to determine the naturally occurring 

background levels of color, total dissolved solids, manganese, 

aluminum, silver, and chloride which are the parameters pertinent 

to this variance, as well as p# to be sure that it is not 

exceeded. *They should also include monitoring of these 

parameters in ground water downgradient from the injection points 

for at least one year after. active remediation. 

This order will become final unless a timely petition for an 

administrative hearing is filed under sections 120.569 and 120.57 

of the Florida Statutes before the deadline for a filing a 

petition. The procedures for petitioning for a hearing are set 

forth below. 

A person whose substantial interests are affected by the 

Department's action may file for an administrative proceeding 

(hearing) under sections 120.569 and 120.57 of the Florida 

Statutes. The petition must contain the information set forth 

below and must be filed (received) in the Office of General 

Counsel of the Department at 3900 Commonwealth.Boulevard, aail 

Station 35, Tallahassee, Florida 32399-3000. 

Petitions filed by HLA or any of’the parties listed below 

must be filed within 21 days of receipt of this written notice. 

Petitions filed by any other persons other than those entitled to 

written notice under section 120.60(3) of the Florida Statute6 

. 

6 
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must be filed within 21 days of publication of the public nsotice 

receipt of the written notice, whichever occurs first. Under 

section 120.60(3); however, any person who asked the Department 

for notice of agency action may file a petition within 21 days of 

receipt'of such notice, regardless of the date of publication. 

The petitioner shall mail a copy of the petition to Harding 

Lawson Associatea, 1080 Woodcock Road, Suite 100, Orlando, 

Florida 32803 at the time of filing. The failure of any person 

to file a petition within the appropriate time period shall 

constitute a waiver of that person's right to request an 

administrative determination (hearing) under sections 120.569 and 

120.57 of the Florida Statutes, or to intervene in this 

proceeding and participate as a party to it. Any subsequent 

intervention (in a proceeding initiated by another party) will be 

only at the discretion of the presiding officer upon the filing 

of a motion in compliance with rule 28-106.205 of the Florida 

Administrative Code. 

A petition that disputes the material facts on which the 

Department's action is based must contain the following 

information: 

(a) The name, address, and telephone number of each 

petitioner; the Department case identification number and the 

county in which the subject matter or activity is located; 

(b) A statement of how and when each petitioner received 

notice of the Department action; 

(c] A statement of how each petitioner's substantial 

interests are affected by the Department action; 

7 
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(d) A statement of the material facts disputed by the 

petitioner, if any; 

(e) A statement of facts that the peti&ner contends warrant 

reversal or modification.of the Department action; 

(f) A statement of which rules or statutes the petitioner 

contends require reversal or taodification of the Department 

action; and 

(g) A statement of the relief sought by the petitioner, 

stating precisely the action that the petitioner wants the 

Department to take. 

A petition.that does not dispute the material facts on which 

the Departmentgs actior) is based shall state that no such facts 

are in.dispute and otherwise shall contain the Game infonnation'as 
sF--% 

set forth above, as required by rule 28-106.301. 

Because the administrative hearing process is designed to 

farmulate final agency action, the filing of a petition means that 

the Department's final action may be different from the position 

taken by it in this notice. Persons whose substantial interests 

will be affected by any such final decision of the Department have 

the right to petition to become a pa&y to the proceeding, in 

accordance with the requirements set forth above. 

Xediation under section 120.573 of the Florida Statutes is 

not available for this proceeding. 

This action is final and effective on the date filed with 

the Clerk of the Department unless a petition is filed in 

accordance with the above. 

8 
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my party to this ,order has theeright to seek judicial 

review of it under section 120.68 of the Florida Statutes, lby 

filing a notice of appeal under rule 9.110 of the Florida Rules of 

Appellate Procedure with the clerk of the Department in the Office 

of General Counsel, Xail Station 35, 3900 Comuaonwealtb Boulevard, 

Tallahassee, Florida 32399-3000, and by filing a copy of the 

notice of appeal accompanied by the applicable filing fees with 

the appropriate district court of appeal. The notice must be 

filed within thirty days after this order is filed'with the clerk 

of the Department. 

DONE AND ORDERED&is s day of 1999 in 

Tallahassee, Florida. 

. Rimi A. Drew 
Director, 
Division of Water Resource 

Management 

2600 Blair Stone Road 
Mail Station 3500 
TalhhaSS8e, Florida 32399-2400 
Telephone: (850) 487-1855 

FILING AND ACXNOWLEDGMENT FILED, on this date, pursuant'to 8. 
120.52, Florida Statutes, wkth the designated Department clerk, 
recefgt of which is hereby acknowledged. 

- Clerl$J 

Copies furnished to: 
George EeUler, UIC Section Rick Ruscito, Petroleum Cleanup 
Bill Weimes, Bur. Waste Cleanup Cynthia Christen, OGC 
Brent Hartsfield, Bur. Waste Cleanup 

9 
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CZRTIFICATE OF SERVICE. 

I: certify that a copy of the foregoing Final Order has bt?en 

furnished to Mark J. Salvetti, P.E., by facsimile at 781/246- 

5060, and by U.S. Mail at Harding Lawson Associates, 107 Audubon 

Road, Suite 25, Wakefield, MA 01880, on this 3d day of 

September 1999. 

- 
SE. sistant General Counsel 

Department of 
Environmental Protection 

3960 Commonwealth Blvd. 
MS 35 
Tallahassee, FL 32399-3000 
Telephone 850/921-9610 

ra 

10 



Harding Lawson Associates 

June 7, 1999 02545.027 

Kathy Carter, Agency Clerk 
Florida Department of Environmental Protection 
Offke of General Counsel 
Mail Station 35 
3900 Commonwealth Blvd. 
Tallahassee, FL 32399-3000 

Subject: Petition for Variance 

Dear Ms. Carter: 

Enclosed you will find a petition for Variance from Rule 52-522.300(2)(a), Florida Admimstrative 
Code. Harding Lawson Associates requests this variance for the use of In-Situ Chemical Oxidation 
with Potassium Permanganate in an aquifer remediation design document. By granting this petition, 
many remediation projects throughout Florida wiil benefit through the use of this promising 
technology. 

Please feel free to contact me at (781)245-6606 should you have any questions regarding this 
technology or this petition. 

Sincerely, 

Harding Lawson Associates 

Mark J. Salvetti, P.E. 
Project Manager 

cc: D. Grabka, Waste Cleanup 
W. Neimes, Waste Cleanup 
G. Brown, Waste Cleanup 

Engmeenng and 
Envronmental Sewces 107 Audubon Road. Suite 25. Wakefield. MA 01880 78112456606 Fax 781/246-5060 



BEFORE THE STATE OF FLORIDA 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

IN RE: HARDING LAWSON ASSOCIATES 
PETITION FOR VARIANCE 

PETITION FOR VARIANCE 
FROM RULE 62-522.300(2)(a), FLORIDA ADMINISTRATIVE CODE 

Petitioner, Harding Lawson Associates, pursuant to Section 120.542, Florida Statutes, and Rule 
28-104, Florida Administrative Code, hereby petitions for a variance from Rule 62-522.300(2)(a), 
Florida Administrative Code, because the strict application of this rule will create a substantial hardship 
and will violate principles of fairness. In support thereof Petitioner states: 

Background Facts 

1. Petitioner is Harding Lawson Associates, (HLA) located at 1080 Woodcock Road, Suite 100, 
Orlando, Florida 32803, telephone (407) 895-8845, facsimile (407) 896-6150. 

2. Research conducted by the University of Waterloo, Canada, and Oak Ridge National Laboratory, 
has led to the finding that In-Situ Chemical Oxidation using Potassium Permanganate can be an 
effective remediation technology at sites contaminated with compounds susceptible to oxidation 
by Potassium Permanganate, including chlorinated solvents. When the Potassium Permanganate 
solution contacts the contaminant molecules, the molecular bonds are broken (i.e., the 
contaminant is oxidized). The by-products of this reaction are potassium, carbon dioxide, 
manganese dioxide, and chloride ions. 

3. Laboratory and field tests of In-Situ Chemical Oxidation with Potassium Permanganate have 
demonstrated remarkable success in quickly reducing contaminant concentrations. 

4. When Potassium Permanganate is added to groundwater, the secondary groundwater standard for 
color may be temporarily exceeded. It is also possible that the secondary standards for Total 
Dissolved Solids, aluminum, manganese, silver, and perhaps chloride (when high concentrations 
of chlorinated compounds are oxidized) could be temporarily exceeded. Injection of Potassium 
Permanganate violates no primary groundwater standards. 

The Rule 

5. Rule 62-522.300( 1) provides that: 
No installation shall directly or indirectly discharge into groundwater any contaminant that 
causes a violation in the water quality standards and criteria for the receiving groundwater as 
established in Chapter 62-520 except within a zone of discharge established by permit or rule 
pursuant to this chapter. 

6. Furthermore, Rule 62-522.300(2)(a) provides that: 
(2) No zone of discharge shall be allowed under any of the following circumstances: 

q:in5\orlando\ou4\1at\chemox\variance requexdoc 1 



(a) Discharges through wells or sink holes that allow direct contact with Class G-l or Class G- 
II groundwater, except projects designed to recharge aquifers with surface water of comparable 
quality, or projects designed to transfer water across or between aquifers of comparable quality 
for the purpose of storage or conservation. 

7. Pursuant to Rule 62-520.420, the water quality standards for Class G-I and G-II groundwater are 
the primary and secondary drinking water quality standards as set forth in Rules 62-l550.3 10 and 
320, and the minimum criteria provided in Rule 62-520.400, F.A.C. 

8. The relevant water quality standards as provided in Rules 62-550.320 and 62-520.4001 are: 

Color 

Total Dissolved Solids 

Aluminum 

Manganese 

Molybdenum 

Silver 

Chloride 

15 color units ,_ 
500 mg/l ---i 
200 &/I 

50 I441 
35 p@l (Rule 62-520.400) 

100 I@1 

250 mg/l 

9. 

10. 

11. 

Rule 62-522.300(2)(a) implements Sections 403.021,403.061, and 403.088, Florida Statutes, and 
has as its specific authority in Section 403.061, Florida Statutes. 

I 
,i “. 

Type of Action ‘Reouested ’ 

HLA is requesting a variance from the restrictions imposed by Rule 62-522(2)(a) that would 
prohibit the Department from granting a zone of discharge in conjunction with the approval of 
Remedial Action Plans proposing the use of In-Situ Chemical Oxidation with Potassium 
Permanganate. 

Specific Facts Which Demonstrate a Substantial Hardship 
Or Violation of Principles of Fairness 

The concentration of Potassium Permanganate in the injected fluid is a maximum 7.6 g/l (Free 
Flow grade) or 11.6 g/l (Pharmaceutical Grade), based on the concentration of inorganics with 
primary standards in the Potassium Permanganate solution. The actual grade and concentration 
uced will be dependent on the effectiveness of the oxidation reaction observed in the field. The 
compositions of the potential Potassium Permanganate solutions are shown in Attachment A. 

These concentrations exceed the secondary standard for Total Dissolved Solids. During the 
reaction, Manganese Dioxide is generated. In unfiltered samples, this precipitate has the 
potential to exceed the secondary standard for Manganese. Dissolved concentrations of 
aluminum (Free Flow grade) or aluminum and silver (Pharmaceutical Grade) may also exceed 
secondary standards. Depending on the contaminant oxidized, there is also the potential to 
generate acids and/or bases which may temporarily alter the pH of the groundwater. The 
buffering capacity of Florida’s aquifers will quickly neutralize this condition. Upon injection of 
the Potassium Permanganate into the contaminant plume, it is expected that the color of the 
groundwater will turn purple. As the oxidation process proceeds, the groundwater will turn pink 

q:\n5\oriando\ou4\treat\chcmox\variance requea.doc 2 



and then clear again depending on the site stratigraphy, contaminant distribution, and the 
injection scenario. It is expected that through oxidation, dilution, diffusion, and advection, the 
groundwater color will be reduced to less than 15 color units or to background levels. 

;-., 

The above exceedances are possible in an area extending up to 100 feet from the point of 
injection. Conditions in the aquifer are expected to return to background within 365 days. 
Active remedial measures can be implemented if secondary standards continue to be exceeded 
beyond this period. 

12. Pursuant to Rule 62-528.300(1)(e)4, the type of injection well to be utilized in the Potassium 
Permanganate In Situ Oxidation Process is a Class V, Group 4 well - “injection wells associated 
with an aquifer remediation project shall be authorized under the provision of a remedial action 
plan.. .provided the construction, operation, and monitoring requirements of the Chapter are 
met.” There is no dispute that the subject injection wells will meet the construction, operation, 
and monitoring requirements of Chapter 62-528. 

13. The staff of the Department’s Bureau of Waste Cleanup and Bureau of Petroleum Storage 
Systems are familiar with In-Situ Chemical Oxidation with Potassium Permanganate and are 
prepared to approve its use at sites contaminated with petroleum compounds and chlorinated 
solvents. However, the provisions of Rule 62-522.300( 1) would appear to prohibit the injection 
of Potassium Permanganate except within a Zone of Discharge. Rule 62-522.300(2)(a) prohibits 
the Department from granting a zone of discharge through an injection well to Class G-I and G-II 
groundwater. 

14. Strict adherence to the prohibition of Rule 62-522.300(2)(a) would preclude the.Department 
from granting approval for the use of In-Situ Chemical Oxidation with Potassium Permanganate. 

15. Rule 62-522.300 is designed to protect the underground sources of drinking water of clean 
aquifers. However, the prohibition of a zone of discharge for an injection well to Class G-I and 
G-II groundwater is a hindrance to a reasonable, common sense remediation process that may 
cause only a temporary exceedence of a secondary drinking water standard in what is already a 
highly contaminated aquifer. 

f---y 

16. In-Situ Chemical Oxidation can accomplish the remediation of contaminated aquifers more 
effectively, more quickly, and potentially, at much lower cost than traditional remediation 
technologies. Therefore, a strict adherence to the zone of discharge prohibition will prevent the 
use of a safe, effective, and cost efficient remediation technology. 

The Requested Variance Will Serve the Purposes of the Underlying Statute 

17. As set forth in Section 403.02 l(2), Florida Statutes: 
It is declared to be the public policy of this state to conserve the waters of the state and to 
protect, maintain, and improve the quality thereof for public water supplies, for the propagation 
of wildlife and fish and other aquatic life, and for the domestic, agricultural, industrial, 
recreational, and other beneficial uses and to provide that no wastes be discharged into any 
waters of the state without first being given the degree of treatment necessary to protect the 
beneficial uses of such waters. 

18. There are no adverse impacts on human health or the environment that result from colored water. 
Temporary exceedance of the secondary standards for chloride, aluminum, manganese, silver, 
and total dissolved solids are also not expected to present any adverse impacts. The buffering 
capacity of Florida’s aquifers is expected to prevent violations of the secondary standard for pH. 
The temporary exceedence of the secondary drinking water standards in connection with the 
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remediation of contaminated groundwater will not only allow for the protection and Iconservation 
of public water supplies, but will have the net effect of improving those public wa.ter supplies. 
Granting the variance will allow for the more effective cleanup of contaminated public water 
supplies. Therefore, the variance requested herein will serve the purpose of the underlying 
statute. 

Conclusion 

19. Rule 62-522.300(2)(a) precludes the Department from approving the use of an innovative site 
remediation technology that can more quickly and effectively clean up groundwater at sites 
contaminated with petroleum compounds and chlorinated solvents. The use of this technology 
will not cause any adverse impacts to the potential underground drinking water sources, but, in 
fact, will contribute significantly to improving the quabty of those sources. 

WHEREFORE, HLA requests that the Department grant a variance from Rule 62-522.300(2)(a) 
and allow the Department to approve a temporary zone of discharge for any Pilot Study Plan, 
Remedial Action Plan, or any other plan proposing the use of In-Situ Chemical Oxidation 
utilizing Potassium Permanganate with the condition that no Site Rehabilitation Completion 
Order will be granted unless the site meets all applicable, or approved cleanup target levels 
including color, aluminum, silver, manganese, chloride, total dissolved solids, and pH or their 
respective site-specific background concentration, whichever is less stringent. The approval 
document generated by the’Department shall detail the physical limits of the permitted zone of 
discharge. 

Respectfully submitted this 7 th day of June, 1999. 

Senior Engineer 
Harding Lawson Associates 
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ATTACHMENT A 

KMn04 INORGANIC CONSTITUENTS 

Free Flow Solution 
Concentrations at 
Maximum 7.6 g/l 

600 
0.8 
41 
23 

go.5 
35 

~2.5 
co.1 
646 

99 
27 

127 
176 

co.5 
34 

2,640,lOO 
0.30 

70 
c5.0 I 

Pharmaceutical Grade 
Concentrations at 
Maximum 11.6 all 

660 
0.8 
9.7 
315 

~0.8 
62 

c3.9 
73 
27 
96 
44 
12 
23 

3.1 
39 

4,029,600 
1.1 

<21 
x7.7 

Analyte (pg/l) 
Aluminum 
‘Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chloride 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silica 
Silver 
Sodium 
Sulfate 
Strontium 
Thallium 
Zinc 
PH 

I 

1,880,300 2,869,900 
0.38 1.5 

11,080 205 
18 160 

3,740 1,140 
0.1 615 

8 co.4 
co.5 ~0.8 

37 16 
8.5 to 9.5 8.5 to 9.5 
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APPENDIX E 

FEED SYSTEM INFORMATION 



Features 
n Fully Self-Contained Modular 

Construction 

n Automated Operation Aids in the 
elimination of Lifting injuries 

n Virtually Dustless Transfer of 
Chemicals to Feeder Reduces 
Dangerous Exposure to Personnel 

n Portable Battery Operated with 
Built-in Charger 

n Operates with all DOT 30 Gallon 
Chemical Drums. Ideal for: 

Potassium Permanganate 
Calcium Hypochlorite 

, H Automatically Increases Feeder 
Hopper Capacity 

n Adapts to Most Volumetric 
Feeders, and Hopper Systems 



STANDARD FEATURES SPECIFICATIONS 

DRUM INVERTER 
W Painted Mild Steel Construction with 

Non-Combustion Promoting Hydraulic Fluid 
n 4’ x 1 S Poly Swivel Rear Casters 

3’ x 1.33’ Poly Fixed Front Casters 

FEEDER ADAPTER 
W Carbon Steel Acrylic Enamel Coated with 

Urethane Dust Seal and Support 

TRANSITION HOPPER 
W 3 l&S with Iris Type Flow Control and 

Shut-Off Valve 

POWER REQUIREMENTS 
n 12 Volt Deep Cycle Rechargeable 

Battery (Not Included) 
n 115V Battery Recharger, Plugs into Standard 

Grounded Outlet 

The DrumlnvertTM is a self-contained chemical 
drum-lifting, inversion and hoppering system. The 
Drumlnvert allows for the virtually dustless transfer 
of a chemical to a feed system with limiting 
exposure to operations personnel. The Drum arms 
secure the chemical drum while operators 
replace the drum lid with a feeder transition shut- 
off valve assembly. Once secured, the entire 
assembly is lifted, inverted 180” and lowered into 
the feeder adapter seal. The valve is opened 
allowing the chemical to flow into the feeder 
hopper for metering to your point of application, 
Limit switches prevent inadvertent drum 
movement while in operation. The inverted drum 
may become an extension hopper until it is 
empty, or by closing the transition valve, the drum 
may be removed. The Drumlnvert has (2) fixed 
wheels and (2) swivel wheels which allow for easy 
mobility. 

rJGJl -1 I I Jl I 
i I 
I 

- I 
29.00 

c 

I- t 

MERRICK INDUSTRIES, INC. 

Merrick Industries, Inc. 

10 Arthur Drive 
Lynn Haven, FL 32444 
Phone: (984f265-3611 
FAX: -65-9768 

Merrick de Mexico 

Parral 78. BIS SEXTO PISO Deleg. Cuauhtemoc 
Cot. Condesa 06140 MEXICO, D.F. 
Phone: (525)286-3544 
FAX: (5251553-4063 

’ 19% Mernck Industries. Inc 
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REACTION KINETICS CALCULATIONS 



Harding Lawson Associates 
Englneenng 
and 

SHEET I OFL 

Envtronmentai Services 

Lww. 13//4 

DATE 733 

I PROJECT Q’% 

t SUBJECT C. f 7f? 14LT.+/~ 

COMPUTED BY 

CHECKED BY 

.J _.. ,. 
..- . . . . ..-_,I_, 

j 
j 

.-. -..--.- - .-.. - .._ ~- ._,._..___ ____._ ._..._.I____I , 
.- . ..-..............-. . ._.-.._ ~ __..... --_ 

--q-v _-----.._-_.--_-_.-.--.-- 



Harding Lawson Associates 
Engineering 
and 
Environmental Services 

PROJECT Lmd a u A-4 

SUBJECT F---c TR kkJ;;;r-73 

T’ 3k Z/4 CR = d.70 
-I co,mqs)= 34 

3’ L?.&5.K . ..__.. . ._.______ d.. . .II -... _. .-.-. - . . .-. -- - .-_. - -.._ ..__^_.. __._ __---. .---.-.----..-.--- 

----__- _______.__ - ---. -- -___.._._ .__.._..__.-I_.- ___-.-.-.--e-e 
A “I 



= Harding Lawson Associates 
mm Englneerlng 
:I!?.: a”d 
= Environmental Services 

PROJECT /tJT/, ,/JJ/- 

SUBJECT rs 5 7, 
r 

&Wt,M 5 

,/ 
- --.----------.--.w.T--. .---II.----- -.--. .-.-- .__...” .-.._ 

J/ 

- II---- 

,. 
. . 

: 

” / 



Harding Lawson Associates 
Engineering 
and 
Enwronmental Services 

PROJECT & ora 004 1 

SUBJECT c, 
, 

<,.7/p /Q?,&,/zq5 

SHEET4 OF2 

JOB NO. +&?4/ hk”+=k@ 

DATE -h--f&r, 4. /?? 
.“-a, 

COMPUTED BY 

CHECKED BY 

- -- ---- ---___--------- -- ------- --- -- --.- .- -.---. 
I@ 



SHEETL- OF z( - Harding Lawson Associates 
Engtneenng 
and 
Enwronmental Serwces 

PROJECT 

SUBJECT cyr;e /4fk?c5&5 

JOB NO. @=?d I’ ~~~~%XX-i7 

COMPUTED BY 

WECKED BY 



APPENDIX I 

RESPONSE TO F 
ENVIRONMENTAL 

‘LORIDA DEPARTMENT OF 
PROTECTION COMMENTS 



PROJECT REVIEW COMMENTS 

Draft Treatability Study Work Plan No. 3 
Data Collection Plan for Assessing In-Situ Chemical Oxidation 

‘” Uiing Pbtassiuti Permanganate 
Operable Unit 4 

Naval Training Center 
Orlando, Florida 

Florida Deaartment of Environmental Protection - David Grabka 

1. The Work Plan states that groundwater eIevation measurements will be taken prior to the 
pilot test startup. Groundwater elevation measurements should be collected during each 
sampling event from wells associated with the pilot study and in the vicinity of the pilot 
study. This information will be important in validating the groundwater flow mofdel used to 
predict the treatment flow cell, determining induced hydraulic gradients from the injection 
and extraction wells in order to calculate groundwater flow velocities, and in determining 
whether expected flow conditions develop that may require modifying the monitoring plan 
or installing more monitoring wells. 

Agreed. Water levels will be measured weekly in shallow and deep monitoring points near 
the extraction and injection wells, within the treatment cell itself, and in downgradient 
monitoring points GMP-17 and OLD-I3-46B. Background water levels will be m.easured in 
monitoring wells OLD-13-Ol A and OLD-13-40B, located approximately 200 feet northeast 
of the pilot study on the north side of Building 1100. These two wells are outside of the area 
to be influenced by the pilot study, and will provide data to define regional water level trends. 
Water ievels within and near the circulation cell will be used to compare actual with expected 
hydraulic performance. The Orlando Partnering Team (OPT) will discuss and approve any 
required operational changes suggested by the water level data. 

Florida Department of Environmental Protection - Bill Neimes 

1. Reactor Kinetics. My comment on the treatment system concerns the interpretatialn of data 
taken from the batch treatment studies performed by Carus for use in this treatment 
system. Figure 2-l of this work plan provides information for all of the batch testing 
performed by Carus for groundwater from this site and another site. This figure neatly 
shows a logarithmic reduction in contaminant concentrations at different time periods. 
Using the data provided in this graph, the work plan demonstrates that for an initial 
concentration of 5000 ug/l PCE, a minimum detention time of approximately 2 hours is 
required for a reduction to 3 ug/l PCE. Since the detention time for the proposed t:reatment 
system is over 10 hours, the work plan notes that there will be enough of a safety factor in 
this design is that all of the treatability PCE. My concern with this design is that rail of the 
treatability studies were performed on batch runs, however, the actual design of thris system 
will be two mixed reactors in series. With the information provided I have done some work 
calculating the order of reaction and the reaction coefficient for the different batch studies. 
Although there are not enough data points to accurately calculate a reaction rate for the 
4000 mg/l KMnO., concentration, there were five data points for the 1000 mg/l KMn04 
concentration. I plotted the reduction over time for the 1000 mg/l KMn04 concentration 
and came up with a first order reaction and a reaction rate of 0.92-h’. This data is shown on 
Attachment 1. Since the reaction order is first order, I then plotted the available data for 

Page I of 4 

Q:\nS-navy\orlando\ou4\treat\chemox\FDEP KMn04 comments 



PROJECT REVIEW COMMENTS 

Draft Treatability Study Work Plan No. 3 
Data Collection Plan for Assessing In-Situ Chemical Oxidation 

Using Potassium Permanganate 
Operable Unit 4 

Naval Training Center 
Orlando, Florida 

. ../.. ./ ....). , ,, I_ ._ ,_^ ..-. _.l”.l- 

r--h 

the KMnO.+ concentration of 4000 mg/l and derived a reaction rate of 4.1mh’. There were 
only two data points available for plotting the K&In04 concentration of 4000 mg/l so the 
reliability of this reaction rate coefficient is questionable. However, this is the only 
information available for calculating a reaction rate at 4000 mg/l KMnO.+ 

Using this reaction rate value of 4.1 -hr and plugging this into the first order stir tank reactor 
of two tanks in series, each with a detention time of 5.33 hours, the final PCE concentration 
calculates to a value of 35.5 ug/l. 

Equation for 1st order stir tank reactor with n tanks: 
Cf= Co (l[l+kT/n])” 

Where: Cf - final concentration, ug/l 
Co - initial concentration (assume 5000 ug/l) 

k - 4.1”’ 
T - detention time - 5.33 hours 
n - number of tanks - 2 

From this information, it appears that the design in this Treatability Study Work Plan will 
not meet the required treatment efftciency for eventual reinjection. Based on this, I would 
recommend that the type of treatment unit be reconsidered. A stir tank reactor is not as 
efficient as a plug flow reactor and I would suggest that the designers consider changing one 
of the tanks to a plug flow reactor. Although a plug flow reactor is much more efftcient 
than a stir tank reactor, a plug flow reactor is more dependent upon a consistent in&rent 
concentration and is prone to variations in the influent flow. On this basis, I would consider 
including a combination, stir tank reactor - plug flow reactor in series. In this type of 
treatment, the stir tank reactor would provide a buffering capacity for any influent flow 
variations and the subsequent plug flow reactor would provide an efficient means of 
treating the PCE to injection standards of less than 3 t&l. 

My calculations show that a plug flow reactor with a detention time of 533 hours can treat 
a influent concentration of 5000 ug/l PCE to an effluent concentration of 2 x 10-6 ug/l. 

Agreed. If the two tanks are stirred and the influent PCE concentration is 5,000 ug/l, it does 
not appear that the reinjection standard of 3 ug/l can be met with 4 g/l KMn04. The influent 
PCE concentration must be less than approximately 1,250 ug/l, or the concentration of 
KMn04 must be increased (up to 8 g/l for a 5,000 ug/l PCE influent concentration). 

The work plan will be revised to indicate that the system will be operated with the mixer in 
the first tank operating and the second tank unstirred, at least until actual PCE concentrations 
and reaction rates can be established. This approach should ensure complete KMnO4 
dissolution in the first tank, and may also allow solid particles produced during the reaction to 
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PROJECT REVIEW COMMENTS 

Draft Treatability Study Work Plan No. 3 
Data Collection Plan for Assessing In-Situ Chemical Oxidation 

Using Potassium Permanganate 
Operable Unit 4 

Naval Training Center 
Orlando. Florida 

settle in the second tank, reducing the frequency of filter cleaning required. Calculations for 
the two different reactor arrangements will be added to Appendix F. 

The actual influent PCE concentration to the KMnO4 feed system will be unknown until the 
pilot is begun. It is possible that the concentration will be low enough to meet the reinjection 
standard while stirring both tanks, if desired. An onsite laboratory will be used during startup 
to evaluate actual PCE concentrations and the extent of the PCE reaction prior to Ireinjection 
of any treated groundwater. 

2. Deep Well. There is suficient monitoring planned for both the upper zone and deeper zone 
during this pilot test and I would not recommend any more monitoring in these zones. 
However, there are no monitoring wells that can monitor groundwater below the injection 
wells. How can we determine if the injection fluid will not migrate vertically dolwnward? 
With this, I would recommend that a deep monitoring well be installed at a depth between 
40 to 50 feet bls and located somewhere by the three injection wells so that groundwater 
below the injection wells could be monitored. 

It is unlikely that downward migration of KMnO4 will occur after injection. The natural 
groundwater gradient is west towards the lake, the vertical hydraulic conductivity has been 
found to be 4 times less than the horizontal by USGS modeling, and lateral flow will be 
induced by the extraction wells. Further, the iijection wells will be slotted screen, so the 
injected KMnO4 will enter the aquifer with a lateral motion and no downward component. 

A cross-section MODFLOW particle track will be added to work plan Appendix C 
(Hydraulic Modeling). The cross-section shows almost no downward flow between the 
extraction and injection wells. This was modeled with an anisotropy ratio of three,, which is 
conservative when compared to the USGS estimate of four. 

Rather than installing a new deep well, two existing deep wells will be monitored for 
KMn04. Monitoring well OLD-13-08C is adjacent to shallow well OLD-13-07A (See work 
plan Figure 2-2. OLD-13-08C will be added to the final figure.), and is screened from 57 to 
62 feet bls. The second deep well is just west of the predicted treatment cell (OLD-13-43C), 
screened from 45 to 50 feet bls. In the highly unlikely event significant downward migration 
of KMnO4 occurs, the KMn04 should appear in either or both of these wells approximately 1 
to 2 months after injection. 
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PROJECT REVIEW COMMENTS 

Draft Treatability Study Work Plan No. 3 n 
Data Collection Plan for Assessing In-Situ Chemical Oxidation 

Using Potassium Permanganate 
Operable Unit 4 

Naval Training Center 
Orlando. Florida 

3. Groundwater Monitoring Schedule. I agree with the groundwater monitoring schedule set 
forth on Table 2-l and believe that this schedule should be adhered to during the 
treatability study. However, if during the beginning of the treatability study the monitoring 
data indicate either faster or slower movement of the injected fluids, then the schedule 
should be adjusted accordingly. 

Agreed. The work plan will be revised to note that the monitoring schedule may be adjusted 
based on observed results, and with the concurrence of the OPT. 
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