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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 cpinions
rendered in this document were conducted or developed in accordance with commonly
accepted procedures consistent with applicable standards of practice.

Willard A7 MO ?ay, P.E.
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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 wvarious
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 100-526,102 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 environmental legal provisions 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, and any other applicable statutes that protect
natural and cultural resources.

Originally, the Navy's part of this program was called the Naval Assessment and
Control of Installation Pollutants (NACIP) program. Early reports reflect the
NACIP process and terminology. 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 BRAC program is to expedite and improve environmental response
actions to facilitate the disposal and reuse of a BRAC installation while
protecting human health and the environment.
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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 SOUTHNAVFACENGCOM Engineer-in-Charge, Ms.
Barbara Nwokike, Code 1873, at (843) 820-5566.
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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-gitu 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 with high
concentrations of VOCs in groundwater.

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 [HLA], 1999a) suggested KMnoO,
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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GLOSSARY

ABB-ES ABB Environmental Services, Inc.
bls below land surface

BRAC Base Realignment and Closure (Act)
co, carbon dioxide

DCE dichloroethene

DOD Department of Defense

ECD electron capture detector
F.A.C Florida Administrative Code
FDEP Florida Department of Environmental Protection
FID flame ionization detector

FS Feasibility Study
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g/min grams per minute

HLA ' Harding Lawson Associates
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IRA interim remedial action
KMno, potassium permanganate

f{/min liters per minute
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NACIP Naval Assessment and Control of Installation Pollutants
NTC Naval Training Center
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OPT Orlando Partnering Team

ou Operable Unit

PA Preliminary Assessment
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ppb parts per billion
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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 (VOCs) at OU 4 have been screened for evaluation
in the Draft Final OU 4 Feasibility Study (FS) (HLA, 1999a). Technologies that
require additional information regarding performance, 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, 199%a) 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 (KMnO,) at OU 4.

This work plan has incorporated elements of the Project Operations Plan (POP)
(ABB-ES, 19%7a), 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 1-1 and 1-2). 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. Prior to construction of the facility in 1943, the land was
undeveloped. 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, 1997b) and the Draft Final RI
Report (HLA, 19598b).

These efforts have identified a plume of chlorinated solvent-contaminated
groundwater originating from the area around the former base laundry and
migrating into the adjacent Lake Druid. Contour 1lines illustrating the
approximate defined boundary of the 100 parts per billion (ppb) total VOCs are
shown on Figure 1-3. VOCs detected in groundwater and surface water from Lake
Druid included tetrachloroethene (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 the
former laundry, Building 1100. The approximate extent of the suspected multiple
source areas is also shown on Figure 1-3. 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 (UVB-1
and UVB-2, locations shown on Figure 1-3), has been implemented to intercept and
treat the majority of the contaminated groundwater before reaching Lake Druid.

NTC-0U4.WP3
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Although the IRA has required considerable maintenance and has encountered
several periods of down time, groundwater data from the edge cof Lake Druid has
shown considerable reductions in VOCs. The last round of groundwater sampling
(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 (HLA, 1598c, 1999Db,
1999¢c, 19%884d) .

Based on the OU 4 Focused Field Investigation (ABB-ES, 19%6a), the source
investigation (ABB-ES, 1997c¢}), and the OU 4 RI (HLA, 1998b), the chlorinated
solvent groundwater plume ranges from approximately 4 to 45 feet below land
surface (bls) with total VOCs in excess of 30 milligrams per liter (mg/?) in the
source area(s), and up to approximately 6 mg/f{ between the laundry and Lake
Druid. The depth of the plume in the source area shown on Figure 1-3 is
approximately 30 to 35 feet bls. 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, the horizontal hydraulic conductivity
is about 40 ft/day. 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. 1In-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, chlorinated compounds
(particularly those with double bonds, such as PCE, TCE, DCE, etc) are readily
destroyed when contacted with chemical oxidants.

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,0, -=------ > 2C0, + 2H,0 +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 several
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). An agqueous solution of KMnO, is
injected or flushed through the source area. The basic stoichiometry for the
oxidation of PCE is as follows:

C,Cl, + 2KMnO, -------- > 2C0O, + 2K" + 4Cl° + 2Mno, (solid)

NTC-QU4 WP3
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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 toc 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 QU 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. ability to create and maintain groundwater circulation cell

2. 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 ORGANTZATION 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.
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2.0 PILOT TEST IMPLEMENTATION

This chapter will describe conceptual design, the layout, and necessarv 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 necessary
equipment. At the conclusion of this chapter, site closure and demobilization
activities will be discussed.

2.1 POTASSTUM PERMANGANATE (KMnO,) 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,. KMnoO,
concentrations ranged from 100 mg/f to 4,000 mg/?. 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. The results are presented graphically
in Figure 2-1. 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 requires
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 KMnQO, demand test. Split samples were also submitted to an analytical
laboratory for total organic carbon (TOC) analysis. Results of both analyses are
included in Appendix B.

The KMnO, demand was determined by adding site soil to a solution of KMnO, with
a known concentration. After 30 minutes, the concentration of KMnO, in sclution
was remeasured. 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/{, 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/ ¢
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. Development of the pilot
study required selection 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 {(ug/f). 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, the KMnO, pilot study will occur
at this location. : ;

2.2.2 Hydraulic Modeling 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, 1996b). 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, travel times for the shallow and deep
layers.

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 10-foot
centers. The injection wells are located 65 feet upgradient (east) of the
exXtraction wells, and are also set on 10-foot centers. The extraction wells will
consist of 4-inch inside diameter (ID) polyvinyl chleride (PVC) riser with a 20
foot screen, set to a depth of 30 feet bls. The injection wells will be
identical, 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, distributed egually among each of the three extraction/injection well
pairs.

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.itraction/injection wells
did not significantly reduce the necessary travel time.

2.2.3 KMnO, Physical Properties KMnO, is a manufactured product, consisting of
dark purple or bronze-like rhombic crystals. Carus Chemical Company in Peru,
Illinois is the only domestic producer of KMnO,. KMnO, has a long history of use
in the drinking water, wastewater, 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,
KMnO, will be purchased in 230 pound drums in either a free-flow or United States
Pharmacopoeia (USP) grade. The powdered KMnO, will be mixed with extracted
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groundwater prior to reinjection into the source area. The agueous solubility
of KMnO, is approximately 60 grams per liter (g/f) at 20C, but the concentrations
used for the pilot  study will be considerably less (see Subsection 3.2.1).
Additional KMnO, 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 Approval In addition to potassium and manganese, KMnoO,
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(1), 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, 1599, 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/{ for the Free-Flow solution, and
11.6 g/f for the USP solution. The variance information and the KMnQO, inorganic
compositions for the various grades are included in Appendix D.

2.2.5 Pilot Study Feed System A schematic of the XMnO, 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 DrumlInvert Series 82-50 drum
inverters fitted with Model 25-07 Helix Feeders and polyethylene washdown
dissolvers (see Appendix E) or equivalent. The two drum inverters will be piped
in series, 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
changecuts and help ensure the system never runs out of KMnoO, . The control
system will be designed to shut down the entire system should both drums of KMno,
be depleted. -

After addition of the KMnO,, the groundwater will be pumped to two 1,600-gallon
mixing tanks piped in series. Each open-top tank will be fitted with an electric
mixer to ensure complete dissolution of the KMnO,, although only the mixer in the
first tank is expected to be necessary. 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. At the expected flowrate
of 5 gpm, 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
filtration will be 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/¢. The
initial KMnO, dosage will be much higher (see Subsection 3.2.1), leaving the
majority of the added KMnO, 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
likely be accomplished by temporarily shutting off the groundwater extraction
pump gased 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 high chain link fence will be
erected to surround the GMPs and any components of the treatment system located
outdoors.

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 regulatory 1limits in the reinjected
groundwater are not exceeded. Because travel times in the shallow and deep
portions of the surficial aquifer are different, a separate monitoring program
will be required for each zone.

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, and are located at 20 day intervals along the particle
tracks. 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
og %éinch-ID PVC riser with 15 feet of machine slotted screen, and a total depth
o 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 monitor
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,. These new monitoring points
will be identical to the existing GMPs, with the exception of 9-foot screens
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instead of 3-foot screens (Figure 2-5). Total depth will be 18 feet, No
permanent surface completion will be 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.

Existing monitoring wells OLD-13-42B and OLD-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 locations
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.

Existing deep monitoring wells OLD-13-08C (screened from 57 to 62 feet bls) and
OLD-13-43C (screened from 45 to 50 feet bls) will be monitored Ffor 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 TerraProbe™. Development of the GMPs will be
accomplished using a peristaltic pump. 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 Rotosonic™
(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. The filter pack material shall be 6/20 grade
clean silica sand. 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 buffer
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/reinjection
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well will be completed using a flush mounted protective steel casing set in a 3
foot by 4 foot by 6 inch thick concrete pad. Further well installation details
can be found in the NTC, Orlando POP (ABR-ES, 1997a).

Thorough development of the extraction/reinjection wells will be critical to

ensure adeguate 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. These monitoring wells will be constructed using
2-inch-ID, 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 and deep
monitoring points near the extraction and injection wells, within the treatment
cell itself, and in downgradient monitoring points GMP-17 and OLD-13-46B.
Background water levels will be measured in monitoring wells OLD-13-01A 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 toc 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 Monitoring Program A monitoring program has been developed
to measure changes in source area VOC concentrations, to monitor the migration
and in-situ consumption of the KMnO, sclution, 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 undergrocund 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. 1If necessary,
the treatment duration can be extended.

The groundwater monitoring schedule for the 120 day (16 week) pilot study
duration is shown on Table 2-1. 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
Pore
Volume Downgradient
Travei 10 20 25 30 45 50 55 80 120 140 , o owne KMnO, System Total
Time Extraction Injection ! Wells Weekly
(Days) Wells Wells Samp-
les -
Monitoring OLD- OLD- OLD- OLD- OLD-13- :
Well 13-44B 13458 | 13428 13-41B 4ep | Wfluent | Effluent
Sample Frequency
Baseline ® X ® ® O ® ® 22/12
Week 1 ® X X 4an
Week 2 ® ® ® 5/4
Week 3 X X X X X 7/0
Week 4 X X ® ® ® 8/4
Week 5 X X X X X 9/0
Week 6 X X X ® O ® ® 10/4
Week 7 X X X X X X 10/0
Week 8 X X X X (2} ® 1413
Week 9 X X 4/0
Week 10 X K ® 8/3
Week 11 X X X 8/0
Week 12 X X 'e) [ X 715
Week 13 X X 5/0
Week 14 X ® ® 8/2
Week 15 X X 2/0
Week 16 ® X ® ® O ® ® 22/12
Week 20
TOTAL | 153/51
Notes: X = VOCs, conductivity, pH, temp, turbidity, oxidation/reduction potential, KMnO4. i
= VOCs, conductivity, pH, temp, turbidity, oxidation/reduction potential, KMnO4, inorganics, chloride, TOC, alkalinity. |
O =TOC and full-suite metals analyses; natural attenuation parameters (Baseline and Week 16 only). k
18/11 = X/O totals. ?
Shaded columns indicate Upper Zone monitoring  well. Non-shaded columns indicate Lower Zone monitoring well.
Travel time of one pore_volume within Ilpper Zone = 160 days Travel time of one pore volume within Tower Zone = 40 davs
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methane/ethane/ethylene, total organic carbon, total dissolved solids, and color.
Field methods will be used to collect conductivity, oxidation/reduction
potential, temperature, pH, alkalinity, hardness, dissolved oxygen, chloride,
sulfate, nitrate, total and ferrous iron, carbon dioxide, and turbidity 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, samples will be collected from the drums of KMno,
purchased from Carus. 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 KMnoO,-
treated groundwater to be recycled back to the KMnO, feed system should
additional chemical be required to achieve MCLs. 1Initial 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 2-1.
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3.0 TEST PROCEDURE AND 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 KMnO, 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, -IW3, -IW4, and GMPs 7 through 17.

+ Collect baseline groundwater samples in accordance with Field Sampling
and Analysis Procedures (Chapter 4.0) from OLD-13-074, OLD-13-41B, OLD-
13-42B, OLD-13-44B, OLD-13-45B, OLD-13-46B, OLD-13-RW2, -RW3, -RW4,
OLD-13-IW2, -IW3, -IW4, and GMPs 7 through 17. Analyses will be as
specified in Table 2-1.

. Prepare 10 g/f 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 INITTAL OPERATING PARAMETERS. The initial operation of the pilot
study will confirm the ability of the KMnO, to oxidize VOCs in extracted
groundwater prior to reinjection. This initial operation will also allow
extraction well flowrates to be set.

3.2.1 System Startup Based on the MODFLOW simulations, a total extracted
groundwater flow of approximately 5 gpm (19 liters per minute [¢/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 ¢/min). The KMnO, feeders will be set to
deliver KMnO, at a rate of approximately 75 grams per minute (g/min) to achieve
the 4 g/¢ KMnO, 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. FEach sample will be analyzed for VOCs using the
onsite mobile laboratory and for KMnO, using field instrumentation. Methods 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 (CSTR) and the second tank as a plug flow
reactor. The mixing in the first tank will ensure complete dissolution of the
KMnO,, and the plug flow in the second tank will maximize conversion of the PCE
to meet MCLs.

Based on previous estimates (HLA, 199%a), the concentration of PCE in extracted
groundwater is anticipated to be on the order of 5,000 ug/f. To achieve the
Florida MCL of 3 ug/¢ requires a reduction of 3/5,000 = 0.0006. Referring to
Figure 2-1, this reduction should occur in slightly over 2 hours at a KMnO,
concentration of 4 g/{ in a batch mode. However, the pilot study will operate
continuously. Using Figure 2-1 to derive a reaction rate constant for 4 g/¢
KMnO,, and using the apppropriate equations for CSTR and plug flow reactors, the
PCE concentration leaving the first mix tank is expected to be approximately
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245 ug/f, and below detection leaving the second mix tank. Calculations are
presented in Appendix H.

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. 1If 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/f 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 1.7 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 groundwatexr 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 alsoc 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 gquarterly 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 FIELD SAMPLING AND 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 Monitoring Well and GMP Sampling 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 representative of
aquifer conditions. New 1/4-inch outside diameter (OD) Teflon™ 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. When all parameters have stabilized, a sample will
be taken.

Groundwater for VOC and dissolved oxygen analyses shall be collected as a grab
sample by slowly purging a sample through the Teflon™ tubing. The tubing is
removed from the well, and the groundwater sample is drained by gravity out of
the Teflon™ tubing that had been in the well and into 40-mf vials or into the
ampule used for dissolved oxygen analysis. . o

For all other groundwater monitoring well sampling, a new 2.5-liter amber bottle
will be used to create a vacuum collection assembly. A rubber stopper, #5 size,
is wrapped in a Teflon™ swatch and placed in the bottle mouth with two 1/4-inch-
OD Teflon™ tubing sections inserted through two holes in the stopper. One piece
of tubing will run up from the well, and the other will run to the peristaltic
pump. A vacuum shall be created in the bottle, and the groundwater sample will
slowly be drawn in. The 2.5-liter amber bottle is filled, and the contents 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. BAdditional sampling and sampling preparation procedures can
be referenced in the NTC, Orlandc 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 BAll agueous 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 KMnoO,
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,.

Note: When KMnO, is mixed with hydrochloric acid, :oxic _chlorine gas is
liberated. Caution must be observed to ensure HCl does not come into contact
with any KMnO, during sampling!

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 ug/f 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, 19%2a): 5030 (purge and
trap preparation), B8000A (gas chromatograh ([GC] calibration), and 8021
{(halogenated volatile organics) with modifications for field analysis.

The instrumentation used will be a Hewlett-Packard 5890 Series 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 Inorganic 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
groundwater samples) will be filtered prior to analysis.

4.2.2 Dissolved KMnO, Analysis The KMnO, concentration in an aqueous solution
is best measured using 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/¢, 4 g/€, 6 g/f, and
10 g/¢.

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 agueous
samples must be filtered to remove turbidity prior to spectrophotomic analysis.
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5.0 DATA ANATYSIS AND INTERPRETATION

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 O0OU 4, These results will be wused 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. Various factors may inhibit or prohibit the use of
KMnO, at OU 4. 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 VOCs will be minimal, other unforseen aquifer conditions could
lead to excessive in-situ consumption of KMnO,, leaving little to oxidize the
VOCs and requiring uneconomical KMnO, feed rates.

Operational difficulties associated with filtration of the suspended particulates
or extraction/reinjection well clogging could also affect the ability to apply
this technology full-scale at OU &,

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

5.2 REQUIRED KMnO, CONCENTRATION. The pilot study approach is intended to 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 mnatural 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
ug/{ 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
RMnO, 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.
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6.0 SCHEDULE

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 B weeks of operation. A summary of
the pilot study results will be issued after the 8 weeks (or sooner if the pilot
is unsuccessful), to provide adequate data to finalize the FS. If the pilot is
successful, operation will continue for the full 120 days to remediate as much
of the treatment cell as possible. A final report will be issued at the

completion of the pilot study.
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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. The generic HASP, with
these pages correctly inserted, 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 WORKR (WORK PLAN). The in-situ chemical oxidation pilot study will
consist of the injection of a KMnO, solution into the subsurface. The
contaminants found in the source area are expected to oxidize in-situ. 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: » microwell installation by TerraProbe™
* installation of monitoring wells and extraction/reinjection
wells via Rotosonic drilling
* installation of appropriate equipment to extract groundwater,
dose with KMnO,, 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: . %roundwater sampling
* Teed system monitoring
+ feed system operation and maintenance

2.4.5 Monitoring The work environment will be monitored to ensure that
“Immediately Dangerous to Life and Health" or other dangerous conditions are
identified. At a minimum, monitoring will include evaluations for combustible
atmospheres, oxygen-deficient environments, and hazardous concentrations of
airborne contaminants. The combustible gas meter, set to alarm at 10 percent of
the lower explosive limit (LEL), will be continuously used.

2.4.6 Alr Sampling To the extent feasible, the presence of airborne contami-
nants will be evaluated through the use of direct reading instrumentation.
Information gathered will be used to ensure the adequacy of the levels of
protection being used at the site and may be used as the basis for upgrading or
downgrading the levels of protection in conformance with action levels provided
in this HASP and at the direction of the site health and safety officer.
Contaminants expected to be a concern at OU 4 are shown in Table 2-37.

The following sampling equipment will be used at the site:

1. PORTA-FID organic vapor analyzer (OVA), and
2. 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. If the OVA reads 116 ppm (or
greater) above background, upgrade to Level B.

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.

NTC-OU4.WP3
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Table 2-2

Contaminants of Concern at Operable Unit 4

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

Naval Training Center, Area C

Operable Unit 4

Orlando, Fiorida

Chemical Approximate Permissible Threshold Physical Dermal Toxicity Remarks
Odor Threshold Exposure Limit Value Characteristics
{pprm) Limits (ppm) (ppm)

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 QOdorless 5 mgm’ 0.2 mg/m’ 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  coloriess crystals respiratory tract.

Notes:
ppm

CNS =

A1 = Known Human Carcinogen.
HCI = hydrochioric acid.

Sources:

RI/FS = Remedial Investigation and Feasibility Study.
parts per million.
central nervous system.

American industrial Hygienists Association, 1989

U.S. Department of Transportation and U.S. Coast Guard, 1991.
Nationat 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:

+ OVA greater than or equal te 116 ppm,

Level C PPE required if:
+ OVA greater than or equal to 8 ppm but less than 116 ppm.

Level D PPE required if:

»+ 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 alohg
the northern property line, all work will be suspended to avoid the possibility
of creating a dangerous condition outside Navy property.

2.4.7 KMnO, 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. An eyewash station will be available at
the KMnO, handling area. Further precautions are outlined in the material safety
data sheet.

2.4.8 Sodium Thiosulfate Handling Sodium thiosulfate will be used to quench the
KMnO, oxidation reaction in groundwater sampled for VOC analysis. Only 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. Avoid
producing dust. Further precautions are outlined in the material safety data
sheet.

NTC-0U4.WP3
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MATERIAL SAFETY DATA SHEET

CAIROX Potassium Permanganate

|

[Section 1 Chemical Productand ComEanzIﬁen ication

PRODUCT NAME: CAIROX Potassium Permanganate, KMnQ, E:
SYNONYMS: Permanganic acid potassium salt
Chameleon mineral
Condy's crystals
Permanganate of potash

CAIROX® Potassium Permanganate

MANUFACTURER'S NAME: CARUS CHEMICAL COMPANY E:ILEPHONE NUMBER FOR INFORMATION: 815\223-1500

MANUFACTURER'S Carus Chemical Compan
ADDRESS: 1500 Eighth Street
P. O. Box 1500
LaSalle,IL 61301

MERGENCY TELEPHONE NO.: 800\435-6856

CHEMTREC TELEPHONE NO.: 800\424-9300

Material or component CAS No.*
Potassium Permanganate 7722-64-7 -

| L e e f‘:;;., T
1Section 2 Comeositionllnfo'rmaﬁon on Ingredients

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

(5mgMn per cubic meter of air is équivt\em to 0.0046
ounces per 1000 cubic feet of air)

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

"Chemical Absu‘aci Service Number . .
**  OSHA Pemmissibie Exposure Limit, ds ( d as Mn} 29CFR1910.1000 Table Z1.

***  Ceiling Exposure Limit or i P ion not to be ded under any ci
****  American Conference of Governmental Industrial Hygienists 1998, for dust and pounds, expressed as Mn. TLV-TWA = The time weighted 2 ion for a

normal 8-hour workday and a 40-hour workweek, to which nearly all workers may be repeatedly exposed, day afier day, without adverse effect.

\Section 3 _HazardsIdentification

I. Eve Contact . =
Potassium permanganate is damaging to eye tissue on contact. It may cause severe bumns that resuit 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. Ingestion
Potassium permanganate, if swallowed, may cause severe bumns to mucous membranes of the mouth, throat, esophagus, and stomach.

Responsible Care®

A Public Commitment I
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E Section 4 First Aid Measures

1. Eyes
Immediately flush eyes with large amounts of water for at feast 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. Skin
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 convuising person. If person is conscious, give large quantities of water.  Seek medical attention
immediately.

| Section 5 Fire Fighting Measures

NEFPA* HAZARD SIGNAL

Health Hazard 1 = Materials which under fire conditions would give off irritating combustion products.

(less than | hour exposure) Materials which on the skin could cause irritation.

Flammability Hazard 0 = Materials that will not burn.

Reactivity Hazard 0 = Materials which in themselves are normally stable, even under fire exposure conditions, and which are not
reactive with water.

Special Hazard OX = Oxidizer

*National Fire Protection Association 704

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.

FLASHPOINT None
FLAMMABLE OR EXPLOSIVE LIMITS Lower: Nonflammable Upper: Nonflammable
EXTINGUISHING MEDIA Use large quantities of water. Water will turn pink to purple if in contact with potassium

permanganate. Dike to contain. Do not use dry chemicals, CO,, Halon® or foams.

SPECIAL FIREFIGHTING PROCEDURES If material is involved in fire, flood with water. Cool all affected containers with large quantities
of water. Apply water from as far a distance as possible. Wear self-contained breathing apparatus and full protective clothing.

UNUSUAL FIRE AND EXPLOSION HAZARDS  Powerful oxidizing material. May decompose spontancously 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.

‘ 5% ResponsibleCare
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:'g;ction 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 D001 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 PRECAUTIONS

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

clean-up.
[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 for Safe Storage

f ™, Store in accordanced with NFPA 430 requirements for Class Il 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.

osure Controls/Personal Protection

Respiratory 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.

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

Gloves
Rubber or plastic gloves should be worn.

Other Protective Equipment
Normal work ciothing covering arms and legs, and rubber, or piastic apron should be worn.

~ s% Responsible Care®
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'Sectio9 Phvsical and Chemical Properties __ ______

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

BOILING POINT, 760 mm Hg Not applicaibe SPECIFIC GRAVITY "2.7 @ 20°C (68°F)
VAPOR PRESSURE (mm Hg) Not applicable VAPOR DENSITY (AIR=1) 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=1) Not applicable

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

OXIDIZING PROPERTIES Strong oxidizer

O e 2D and Reactivi

STABILITY Under normal conditions, the material is stable.

CONDITIONS TO AVOID Contact with incompatible materials or heat (>150°C/302°F)

INCOMPATIBLE MATERIALS Acids, peroxides, formaldehyde, antifreeze, hydraulic fliuids, and all combustible organic or readily oxidizable
inorganic materials including metal powders. With hydrochloric acid, toxic chlorine gas is liberated.

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

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

‘Section 11 Toxicological Information

AR A AR IIE TR ST A SRS ST AU R

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
frritating 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 involiving the central nervous system.

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

4. Medical Conditions Generallv_Aggravated by Exposure
Potassium permanganate will cause further irritation of tissue, open wounds, burns or mucous membranes.

Registry of Toxic Eftects of Chemical Substances
RTECS #SD6476000

§% Responsible Care’
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Section 15 Regulatory Informatic.)

N

STATELISTS Michigan Critical Materials Register: Not listed
California Proposition 65: Not listed
Massachusetts Substance List: SF8
Pennsylvania Hazard Substance List: E

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

1

| Section 16 OtherInformation

NIOSH National Institute for Occupational Safety and Health

MSHA Mine Safety and Health Administration

OSHA Occupational Safety and Health Administration
NTP National Toxicology Program

IARC International Agency for Research on Cancer

Kenneth Krogulski

February 1999

&>
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CARUIIS

The information contained is accurate to the best of our knowledge. However, data, salety standards and govemment regulations are subject to change; and the conditions

m f handling, use or misuse of the product are beyond aur control. Carus Chemical Company makes no warmanty, either express or implied including any warranties of
merchantability and fitness for a particutar purpose. Carus also disclaims aif liability for reliance on the completeness or confirming accuracy of any information included herein.
Users should satisfy themselves that they are aware of alt current data relevant to their particular uses.

Rev. 2/99 Form # CX 1026 Cairox” is trademark of Carus Corpora-

tion. Responsible Care’ 1is a service mark of the Chemical Manufacturers Association.22
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Ecological Information
AR I R D S I PO T SR

ection 12

Entrytothe Environment
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.
Aquatic Toxicity
Rainbow trout, 96 hour LC, : 1.80 mg/l
Blugillsunfish, 96 hour LC,: 2.3 mg/Il
Section 13 Disposal Consideration
DEACTIVATION OF D001 IGNITABLE WASTE OXIDIZERS BY CHEMICAL REDUCTION
Reduce potassium permanganate in aqueous solutions with sodium thiosuifate (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 siudge 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.
!
| Section 14 Transport Information
DEPARTMENT OF TRANSPORTATION INFORMATION:
Proper Shipping Name: 49 CFRI72.10] e Potassium Permanganate
ID Number: 49 CFRI72.101......ccconineinie .UN 1490
Hazard Class: 49 CFRIT2.101 i Oxidizer
Division: 49 CFRIT2.101. i 5.1
Packing Group: 49 CFRI72.101. e [l
' Section 15 Regulatory Information o
TSCA Listed in the TSCA Chemical Substance Inventory
CERCLA HazardousSubstance
Reportable Quantity: 40 CFR116.4; 40 CFR302.4 ..o, RQ-100 1b.
RCRA Oxidizers such as potassium permanganate meet the criteria of ignitable waste. 40 CFR 261.21
SARA TITLE HI Information
Section 302 Extremely hazardous substance:  Not listed
Section 311/312 Hazard categories: Fire. acute and chronic toxicity
Section 313  Cairox Potassium Permanganatc 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 I, Superfund Amendments and
Reauthorization Act of 1966 and 40 CFR 372.

sf? ResponsibleCare’
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'y Section 15

Re ulatolnformaincnt.) e

STATELISTS Michigan Critical Materials Register: Not listed
California Proposition 65: Not listed
Massachusetts Substance List: 5F8
Pennsylvania Hazard Substance List: E

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

| Section 16 OtherInformation

NIOSH National Institute for Occupational Safety and Health

MSHA Mine Safety and Health Administration
OSHA Occupational Safety and Health Administration
NTP National Toxicology Program

IARC International Agency for Research on Cancer

Kenneth Krogulski

February 1999

>
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CARLIS

The information contained is accurate to the best of our knowledge. However, data, safety standards and govemment regulations are subject to change; and the conditions
m 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

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

Rev. 2/99 Form # CX 1026 Cairox” is trademark of Carus Corpora-

tion. Responsible Care’ is a service mark of the Chemical Manufacturers Associatiocn.2?
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SODIUM THIOSULFATE ANHYDROUS Page | of 7

Please reduce your browser font size for better viewing and printing.

24 Rour Emergency Telephone: 908-855-2151
CHEMTREC: 1-800-424-8300

MSDS | Material Safety Data Sheet / it oren

Qutside U.5. and Canada

A"-..‘i Chemtrec: 202-483-7616 “
From: Mallinckrodt Baker, Inc. -
NOTE: CHEMTREC. CANUTEC and Notional
mALLINCKRODT JTBaker | L ey rror oo
used only in the event of chemical emMergencies
hid involving 2 splt, loak, fice, axposure or scadent
involving chermicals. L

All non-emergency gquestions should be dnmcted 1o Ouamt Semce (1-300-582-2537) for assisiance.

222 Rod School Lane
Phiilipsburg, NJ 08865

SODIUM THIOSULFATE ANHYDROUS

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

1. Product Identification

Synonyms: Thiosulfuric acid, disodium salt; disodium thiosulfate; sodium hyposu]lﬁte
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

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(™) 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: ' N
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




SODIUM THIOSULFATE ANHYDROUS | Page 3 of 7

Special Information: y
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 all
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 Chemical Properties

Appearance:
Monoclinic, colorless crystals.

Odor:
Odorless.

Solubility:

http://www_jtbaker.com/msds/s5234.htm 9/3/1999




SODIUM THIOSULFATE ANHYDROUS Page 4 of 7

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:
> 100C (> 212F)

Vapor Density (Air=1):
No information found.

Vapor Pressure (mm Hg):
No information found.

Evaporation Rate (BuAc=1):
No information found.

10. Stability and Reactivity

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.

11. Toxicological Information

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

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

http://www_jtbaker.com/msds/s5234.htm 9/3/1999
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SODIUM THIOSULFATE ANHYDROUS
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Sodium Thiosulfate (7772-98-7) No No None

12. Ecological Information

Environmental Fate:
No information found.

Environmental 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 facility. 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.

15. Regurlatory Information

——————— \Chemical Inventory Status =~ Part I\—-——eoom oo nsnsan

Ingredient TSCa EC Japa Australia

Sodium Thiosulfate (7772-98-7) Yes Yes Yes Yes

———————— \Chemical Inventory Status - Part 2\-—-=——-—mem oo

~-Canada--

Ingredient Korea DSL  NDSL Phil.

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

———————— \Federal, State & International Regulations - Part 1\-—--—————wmemew__
-SARA 302~  ——~--- SARA 313-~-----

Ingredient RO TPQ List Chemical Catg.

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

———————— \Federal, State & International Regulations - Part 2\---————ec—mmmemooo

~RCRA- -TSCA-
Ingredient CERCLA 261.33 8 {d)
Sodium Thiosulfate (7772-98-7) No No No
Chemical Weapons Convention: No TSCA lé(b): No CDTA: ©No

9/3/1999




SODIUM THIOSULFATE ANHYDROUS Page 6 of 7

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.

Product Use:
Laboratory Reagent.

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

Disclaimer:

% % ok Ak % ok ok %k % %k % ok ok 3k %k ok 3k %k ok ok ok 3k 3k 3k 3k ok ok ok ok 3k ok sk ok 3k ok ok A e A Ak ok K 3k sk sk sk sk ok ok sk ok sk ok sk ok sk ok 3k ok 3k ok ok ok 3k sk ok ok ok ok ok ok ke ok ok ok %k
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
INFORMATION.

% o % 3k ok ok Kk ok ok ok ok ok sk ok 3k ok ok ok ok 3k ok %k ok 3k %k ok ok ok ok %k 3 ok ok %k ok 3 ok sk ok ok ok ok sk ok ok ok ok ok ok sk ok ok ok ok ok e ok 3k ok ok 3k ok 3k Sk % ok 3k ok ok ok K ok Kk ok
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CHEMICAL HAZARDS RESPONSE INFORMATION SYSTEM (CHRIS)

DATA SHEETS
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)

TETRACHLOROETHYLENE

10 HAZARD ASSISSMENT COOE
(So0 Narwre Assssmant Nandbook)
AX

1L NAZARD CLASSIFICATIONS

1.1 Cose of Feasrsl Ropuastions:
ORM-A

112 NAS Nazwry Rating fer Bulk Waser
Traraperwten

Conenor Synoryrma Wawwy hausg Coorem Swowt oy L AIRE HAZARDS
Terscao &1 Faan Point Nol Aarwnates
Percrecroeriyens €3 Fammable Lmits i Al Nt Aarrratse
Porx Sinka n wew. iPRewyg vescr & procuced. &3 Mt Agenox Nt

€4 Pre Exungusning Agurs Net %8 b
Usset: Not peranent
S100 racharge # S, L5 Special Naxaray of Comimmtion
AT WA 0O 0AYT VarKY. Provures Towe., ewnirg pases cuy be
IAN1E angd *eMOVe GECIDRG Mewnal [ ]
Nawty 1OCH RAATR N3 BORRGY CONT Agenoe “ mn;::um
. 87  ipnitton Temparsure: Not Aammatie
& Not par
ooy &9 Buming Astar Not fawwrutie
PomOncus gases are PrOGLORG whan Remasd. bt D—um
611 Dwicniemewts A¥ t» Fusl Aster
Cam not svadebie
Fire €32 Pame T Oues not
CALL FOR MEDICAL AD. 7. CHEMICAL REACTIVITY
YAPOR 7.1 Reactvity With Water: No seacsion
g © oven, ad Svoal. » -
lm-:ﬂn:. . or iows of 12 y wih Ne
Move © frean ar. reacson
# Orealng NS MOCONC, OVS WA TEEDVETON. 73 Susiity Ouring Trarepert Siabde
i treaswng @ affian, gve crypen. 74 Neviramiing Agarws fer Astde and
| matend Caustiom Not parsnerd
ml‘mm 75 Polymartzations Not pereart
EXPOSUIre | aemowe conmmnaies sotwng snd srom. 78 Wwhbher of Porymermaten:
7 EVES. -~ ¢ S e oty of Mot paraner
i PG epoudd OOwn ared - wetiew.
F SWALLOWED anc vcom » CONSCOUS, Mave weam avk waier 17 Mewr Rete Mascn 9
or mak, Proauectt Daun ot svadatie
73 Reactvity Grous: Dsm not svadebis
Eftact of ow Conosnrsiore on aosw: e & wanown.
Water May be oanpecus § & SN WS FRAASS.
Natty IOCRI MR SN0 ewmote OffoRn,
Pollution NOOty OPerEIrE Of NANDY WRUN PXARES.
L RESPONSE TO DISCRANGE L use L WATER POLLLTION
See » 311 Cempery: None 41 Aearic Temony: Deta not svesiadie
Shoud be removed 22 Clues tot parwant a2 owt ¥ y: Dem rot eval
Chwrmcal and pryscal vegyment 83 Siciopics) Oxygen Demand (BOCOY
None
4.4 Food Chein Conoentraton Potentat
Nore

1 CHEMICAL DESIGNATIONS

& OBSERVABLE CHARACTERISTICS
Prrywcal Stats (ee ahippedy Liasd

L1 €GO Comowublty Clame Next s1d (8]
12 Formum SHCw e 42 Cowor: Cowrens
23 INO/UN Demonetore §.0/1897 43 Ocor: Enersat the Chiorokrmt mikty
A4 DOT ID Mas 1887 vt
A5 CAS Regwuy Moo 127-18-4
5. NEALTH NAZARDS 1 SHIPPING INFORMATION

$1  Pursonal Protective Eguinment For hgh vasr coroEnTTIONS UMe AECrOVEdD Cremer oF
oF - OOk MASK; CHEMICA) JOGTMS OF T0N Srmmt LSS QIOVeL,

recorerercsion. EYES AND SXIN st wit: pearvy of oumr anG got madical xaardon ¥
FTADON OF PAFY OCCUR.

54  Threehoid Limit Ve 30 pom

L5 Shon Term infmmton Limax 100 pom for 60 mn

S4 Yoncity by ingestors Graoe 2 LD = 0.3 10 5 gy

47 Law Tomchty: Norw

S8 Yapor {Gas} irrmam CharscamistoE  Yapors cmas 3 shore smining of S eyes o Yo ¥
esant 1 NON concerwescore. The effect i rvoorery.

£9  Umsd or Sold irvitamt Owwecwrwtionr: Mremum oot B splled on cotng erxd alowsd ©

FANan, MEY CMEe NTAIENG AN0 Mooy of T skn.
£10 Oocor Threshoue- $ pom
511 OLN Yaluee 500 pom

Y VADOr CaN feCt CBNIPE ABIVOUS SYSIEFN ANG ST ANGSTemd.

LEASG Py ATALE JON SNAr DTNONDR] CONIACE Moy FTRIED Syes DUt NS RO PRy,

53  Tresomem of Lxpossrs: NHALATION: ¢ iirees oocurs, remowe Pebant 10 Fean ar, Leep fem
wer ANG Guet. ANG QI Meckcal atsrwon. INGESTIOR: fiouce vorvang ondy on orweaen's

Graces of Purtty: Dry cearwnyg and
nOmTW graces: e %
Storape Temparytsre: Aresert
et ADnoaphers NO recuremert
Venting: Presmrevacam

1L PHYSICAL AND CHEMICAL PROPERTU

121 Pymcel S ot 15°C and 1 st
Lanas

123 Momaser Weignt 185.53

123 Boting Pou ot 1 swre
250°F = 121T = 34X

124 Fresmng Porc
—4IF = =224C = 29508

128  Crvocel Pressure Not penent

123 Uowd Surtecs Terslor:
310 oynew/aom = 3.0013 N/ gt 20°
129 Liowss Water yertaciel Terssiore
4 4 Qyran/cn = 0.0444 N/ at 257
1110 Vepor (Gas) Specific Gravey:
Net perwna
1211 Asto of Soeaitic Nests of Yapor (Ges)
1136
1213 Latwt Wewt of Veporawter
902 MV = LY cal/g =
290 X 10% drag
1213 Hew of Combussiore Not pererent
L4 Mest of DecamponiBore Not peranent
1ZtS Mest of SonOorT MOt Derenert
1210 MNast of Polymertzstian: Not pertinent
1229 Memt ot Fusierr Deta nox avaladie
1226 LUmiong Yeiux Dem not svedable
1237 Resd Vaper Prepmurw: Data not svaiable
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TIE

TETRACHLOROETHYLENE

12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

1219
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID YISCOSITY

. - . Britsh therrnal
fam, ture Pounds cubic Temperanre British thermal unit Temperature . Temperature .
(degpr:rei [5) fo%?f (degesres [5) per pound-F (degrees F) m;gfgo:‘o:ur {Cegreas F) Centipoisa
35 103.400 0 .198 N 58 958
40 103.099 10 200 Q 80 529
45 102.900 20 201 T €5 900
50 102.599 30 202 70 873
55 102.299 40 203 P 75 848
60 102.000 50 204 g 80 823
6S 101.700 50 205 R 8§ .BOC
70 101.400 70 206 T 90 J77
75 101.099 80 207 ] 95 758
80 100.799 90 208 N 100 736
85 100.500 100 210 E 108 716
90 100.200 110 211 N 110 698
95 99.910 120 212 T 118 580
100 99.610 130 213 120 563
105 99.320 140 214 125 647
110 99.020 150 215 - 130 631
118§ 98.730 160 218 135 616
120 98.429 170 217 140 601
125 98.139 180 218 145§ 588
130 97.839 190 220 150 574
135 97.549 200 221 155 561
140 97.250 210 222 160 ‘549
145 96.959 165 537
150 96.669 170 526
155 96.370 175 51§
160 96.080
12.21 1222 1223 . 1224
SOLUBILITY IN WATER SATURATED YAPCR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature i Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
{cegrees F) ! pounds of water (cegrees F) inch (degrees F) foot (degrees F) per pound-F

68.02 } 018 &C 236 60 00702 0 .108

: 70 318 70 00829 25 10

80 425 80 .01216 50 113

90 561 90 01575 75 116

100 732 100 02022 100 118

110 .548 110 02571 125 .120

120 1.217 120 .03242 150 122

130 1.548 130 04055 175 128

140 1.953 140 05032 200 127

150 2.446 150 06199 225 129
180 3.0¢2 160 07583 250 131

170 3.756 170 09215 275 132

180 4.607 180 .11130 300 134

180 5.616 1890 .13360 325 L1386

200 6.805 200 15940 350 .138

210 8.199 210 18910 375 .139
220 9.824 220 22330 400 141

230 11.710 230 26230 425 142

240 13.890 240 30650 450 .143

250 16.390 280 35680 475 J144

260 18.260 260 41330 500 146

270 22.520 270 47680 525 147

280 26.230 280 .547%0 550 148

575 .148

600 .149
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TRIGHLOROETHYLENE

Comemon Synoryme Wy scaed Cooness Sesl ey € IR RAZARDS 18 HAZARD ASSESSMEXT £ODE
Yrcreorovtwierns .
Tncsene: Axyen A1 Paen Pere K°F C2. vucecaly MN&-‘A-:;-;‘-IW
Gomasgere Sess i o Wrawng vaoor @ Goouced. 2 Faswabte Lmits in Al 1L.0%10.35%
Trvorart Triere ’ €3 Fire Extnguishing Agent Wawr fog
&4 Py Exovpushing Apants Net 1 be
5100 Encherpe ¢ passdee. Keso Ducces awey. Usodt: Not parsnerg 1L MAZARD CLASSIACATIONS
g:-mw-m.qnwm. &3  Specml Neards of Cominngen - o
m-“m Preducux Tome and TIawY gmes e Cose of Fosorai Repansora:
OBl GCH PO NG DOMBON CONEITE MSNCeS. PrOCUDR) N TS SMNONL. ORM-A
08 Berwrvior W Firec Not pertnert 112 NAS Mazwy Ramng ter Bul Water
pys———y ot . i Cavegery -
n Azor
L Hamare: Not '
POISONOUS GASES ARE PROOUCED N FIRE, 43 Bumivg Aste Not parwt o e
Waer popes w3 sest " €30 ASstmic Fame Terperwre: Ream
Extroumn wt 0y charmcal, Caron Gomses, 3 108, Oom nox svadenie VAR T e
Fi 11 Sichiemouts Al 1 Pusi Aova Lo or Sokst et 1
re Dots not svedable PO e 2
12 Pawe T [ Waser Potscn
TN T e Y
AU TENORY e 2
Assnone ENNCteeeeee. 2
CALL TR MEDICAL AQL 7. CHEMICAL REACTIVITY Roncrmy
VAROR " - e - One Comoig e 8
. IMRaw) 1 eyus, nose end ¥voet. M o Yewtar: N L[ S——
% raed wd CoRS Mmees, vorveng, R Dreething, 12 Y whh No Soif Raason
o o of comamuaness. reechon ’ L3 KPPA Mamurs Clssificasen: !
MOove 1 rash ax. 73 Subisty During Tranapert Swable
:::n:anlﬂ:n”“m 74 Neuwsiung Apsrms for Asss and Catogery Ciserfiostio
artan, ovygen. Cansmas: MOt perwrent Heolh Mazard (Bam) e 2
LU Ravwratiny A e e 8
irRameg 1 skin 910 eyes, 73 Petymarumter: NOt parsrant Roecowry ¥ o
Exposure # pwnliowed, wil CRRG Mased. VNG, IR Dreethng, 78 nnRer of Pelymertrevery ehow}
o 10N of CorROCuUmwER, Not permnant i
Rervve CONRMIAIIE JOTWY a0 OB
Fhan sracisq sreas wih ety of wewr. 77 Wewr Artis (Rasctrst
-:?ws:lzs.mmumnm-?mdv:- Prosuctt Dsta not avelaie
E WLOWED ano weam 8 CONSCOUS, "eve wowm - N .
2 Mak ang MYe WCWR e 74 Qroupc 26
IF SWALLOWED ano wearm & UNCON! OR HAVING CON-
VULSIONS. 00 NOTWA) S3CHER s880 VW
UL PHYSICAL AND CNEMICAL PROPERTIE

Water
Pollution

121

22
3

4

L RESPONSE TO DISCHARGE

(Soe
Shoutd be removed
Chermscal ang prywcal Teswners

31 CNEMICAL DESIGNATIONS

4 ORSEXVABLE CRARACTERISTICS
41 Phymcw State (as efDoedY Lo

1t cG & Y Cimm HaoQ
PyaroCaTon

12 Formux CHCQalOh

13 (MO/UN Designaoore $.071710

4 DOT IO Mo 1710

13 CAS Negurry Mo 78014

42 Color: Cosonesy
43 Odor: OWrotonme. sthwresl

a

te

[ X}

L WATER POLLUTION

Agute Texieny:
680 mg/U 40 tv/capives/ WL/ reats
e
Waterrowt Towerty: Duis raxt sveiatie
Bisogees OTypen Dermand (BO0Y
Cam not svadstie
Food Chain Concermresan Poterset
Nore

128
128
r

122

-2 )

12299
wn

1212

17213
Rt 81
1218
12

S HEALTH KAZARDS

S&1  personal Protective £0upment Drparst vapdr-acxi GAS CIERW”. sei-COManed brestwyy
ATOMTRNS 1OF SMArpENCEE REODIRNS OF VWl QIOveR astety
NOCOVrE 54100y SNOMK ASCOIENS SR OF ALFTN Ky KIASR SFOICTON,

L2 sy

INFALATION: syrhomms rarge TOm sreaion of e nose Wd

TYOL! ©© NGUSAs. AN TTIIOS Of FPESCONIINY, DAsTec YNGR, T fNaly OETITANce Of el

RrvOUS SYSIeT FARADNG N CIvoac taasr. CIYorG GO0V Ty CHURG OTDRINC PRIY.

iy © i SKre

X SCHON Can cause deramm. EYES:

INGESTION:

o e Dot Mmedicnl atwrwon Kor

al cases of overwapomss. IMHALATION: rermowe wown o Ieen ar; i necassary, XYy arvhos
TOROIFRION SN0/ Or YT CXyQen. INGESTION: Rave e VK wall? ant! FAEe vOrvwrss
FEORES TYES s THEn Ve | WAMEDOON epeom s T\ wear. EYES: fuan Sarosivy wen
wster. SKIN: wash TrCUGhly oW 3080 SN0 WWTH wRIr.

Tiweaneid Limt vasse: 30 pom

Lste Tomony: Dat Mot svmiable

4 3 B4

Short Term vaisgon Lies 200 porm & 30 min,
Tamany by ingestore Grace X: L0 = 50 % 500 mg/ug

Vapor (Gas) kit CharscsarsBor:  Vagors cause 8 SNl SMarrs) Of The eyes OF FeECTERYY

Sysrem i prasert 1 fagh cOnCenwEsord. The sfiect & mmoorary,

4

Lignsd or Sold ivitart Charscteraton: Mrwrisn hazwd. ¥ saed on COINNY wnd showed 10

MRATL. MY COUBS WTING 91T fedDere) Of The BN,

£10 Ocor Threshout: 50 com
A11 IDLM Yo 1,000 porm

Lo

% SHIPPING INFORMATION

Greows of Purity: Tectvecat Ory Sesrng
SORRYE exyacTon

Strorsge Temperstuare Armpiert

st Atmossnere: NO reGSwTarK

Venung: Presssre-vaciarn

1229
hr 2
127

Prvymcnl Stree ot 15°C and t ewn
Licnac

Molecsar Weight 13139
Boiing Pow ot + sun

189°F = B7C = XK
Froaning Pemnt

=IDEF » «dhi'C o 106.3°K
Crrtcei Tempersture: Not pererarg
Crvtient Prespure: Not parsnent
Speaitie Gravery:

1.40 at 20°C (hcpach)
Lousg Surteos Terwion:

29.3 oynes/em « 0.0 N/m &t 201
Utad Water wnertacial Tensiors

34.5 Oyrea/om = QG345 N/ ot 24%
Vapor (Gas) Specific Qrevity: 4.5
Ravo of Soecfic Meens of Yepor Kasx

1118
Laternt Hewt of Yeveraator:

W PR w ST2 /g =

24 X 10 Jmg
heat of Combussare Not Serorant
Meat ot Oscompeniton: Not pervrent
Moot of Sohssore Mot parwwnt
Mest of Polymeraation: NOt pererer
Heut of Fusion: Dats not avedabie
Limting Vaotue Dema not svededie
Aot Vepor Pressure: 25 past

NOTES

JANUARY 19




ToL TRICHLOROETHYLENE

1217 12.18 12.19 12.20 !
“TURATED LIQUID DENSITY LIQUID HEAT CAPACITY LIQUID THERMAL CONDUCTIVITY LIQUID VISCOSITY
remperature | Pounds per cubic | Temperanss | British thermal unit |  Temperature Bnush themal | 1orograture -
(degroes F) foot (degrees F) per pound-F [degrees /) | UianchRerheU | (degrees ) Centipoise
[} 94.669 0 220 N 15 800
5 94.410 10 0 0 20 778
10 94.150 20 223 T 25 750
15 93.889 30 225 30 727
20 93.629 40 226 P as . .705
5 93.370 50 228 € 40 534
30 83.110 60 230 R 45 564
35 92.849 70 231 T s - 645
40 92.589 80 233 1 55 827
45 92.330 90 235 N 80 510
50 92,070 100 236 E 65 583
55 91.809 110 238 N 70 K-1ed
60 91.549 120 240 T 75 562
[ 91290 130 241 80 . 548
70 91.030 140 243 85 534
75 90,770 150 248 90 521
80 90.509 160 248 a5 508
as 950.250 170 248 100 - 498
90 89.990 108 485
95 89.730 110 AT4
100 89.469 118 463
108 89.209 120 453
110 88.950
118 88.690
120 88.429
125 88.168 .
12.21 1222 1223 1224 :
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY AT
Temperatira Pounds per 100 Temperature Pounds per sguare Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (cegrees F) inch {degrees F} toot (degrees F) per pound-F
77.02 .110 40 508 40 01245 [} 136
50 678 50 01628 25 139
60 894 60 .02105 50 143
70 1.166 70 02695 75 146
80 1.507 80 .03418 100 148
90 1.829 S0 04296 125 182
100 2.448 100 05354 150 1585
110 3.081 110 08619 178 157
120 3.848 120 .08120 200 160
130 &.765 130 09891 225 182
140 5.862 140 11960 250 .165
150 7.163 150 .14380 275 187
160 8,695 180 .17180 300 168
170 10.490 170 20390 325 72
180 12.580 180 24080 350 174
180 15.010 190 28280 375 176
200 17.810 200 33040 400 177
210 21.020 210 . .38420 425 479
450 181
475 182
500 184
525 188
550 .186
575 187
600 .188




1,2-DICHLOROETHYLENE

DEL

L ]
€:
Fire Waler may DO COROCI? On Wra
AR

Co0l upOsed COMIAGFE weth wraler.

FLAMMASLE,

POISONCOUS GASES MAY BE PAOOUCED IN FRE.
Contmners Sy exsooe « re.
20rg vancr wad May OO,

VaDO! ey SUDIO0R # QrIed » 3N SNCIoNSY el

Wi ry CROEC, OB TF CADON IOMOS.

€ FIRE NAZARDS

Fman poo T CC

o
.

Piaswnatis Linvts 30 Az 5.79%12.0%
Foe Lrinpumiing Agonte: Ory cremcal,
oMM, CavOn SO

CL!

§
i
|

CINONOS AR Moy 1O M res.

45 Bohovier v Pres Vapor ® Peovesr Tan ar
410 oy Yeve! 3 CONmOSraiNe GEINCY 10
8 sowce of Qrveon and feah Back.

&7 lpuben Tompershsre MOF

&3  Decvioni Namark Dot not svadadie

LS Buving Asex 26 mom/mun,

410 Adessetic Fame Tompersarn
Dem nen gvedanie

fConernect

10 MAZARD ASSESSMENT LODE

A-X-Y

CALL FOR MEDICAL
VAPOR

Al

MOVe wewn 10 Resh ar.
It Dreaung AaS SI0DNG. Gve IMACIM FREOYSNON.
1 brastang W OFCUR, Jve Orygen.

N mnaieg vl Cause GENWRE. AOUSSR, VOEING, OF
Gmas trestng.

uoue
Harmis # swalowed.
F SWALLOWED a0 vcam g CONSQIOUS. nave wcwrh v waser
Exposure ALO
*
Eflect of Iow CONCONTINONG ON LN W & WADwNn.
Water Moy 09 QMDD § § GerS waler FRaMS.
“i0uty 10C3 NOMTY ANG evauie CHCEL
Pollution NOUy J0HHIrS Of FANTY waler MaLeS.

7. CMEMICAL REACTIVITY

7.3 Roscuvity Witk Wamnr: No rmchon
» -t

12 e

eacon

73 Sty Cwrwyy Tremapert Suble

7.4 Newwshmng Agerin ter Aowts wd
Causncan: Mot perarant

75 Pelymercaion WH not ocns unos
onSnary condmona of st The

i RACION B N0t YOOI,

7.5 InNBiar of Potymeraten: Nene vsed

1.2 Meir Rate Mascint %
Pregucty Oew aot svaisbie

7.8 Rescowny Grews Dums aot svadabie

1L MAZARD CLASSIFICATIONS

1.1 Cose of Feoorn Aspuistons:
Fommatve st

112 NAS Mazare Ratng tar Buk Waier
Tronapartation: Mot Seled

L3 NPFPA Mazerd S aafcrtien

Cavepary Clanaification’

Fosty Hazard (B e 2
Fammatity ReB camme. 3
Reacwnty (Yolow) 2

L RESPONSE TO DISCHARGE

(See 4
5300 warreng-ugh Aarnempieity
Resinct access
Evacuste was
Showsd be removed
Chemeca) and DryMCa TeaTTent

 usa

1 CHEMICAL OESIGNATIONS

11 CG Compatibility Claam MOt Wied
32 Formax GO< =« CWQ

33 1MO/UN Demgnatiors 1.2/1150
14 DOTID Mos 1150

15 CAS Regmiry Noo $40-590

4. OBSERVABLE CHARACTERISTICS
Pwyaical State (a8 SNDPE) Laaad

Ocior: Ethereal. sONGY BCIRE RassaM,

L WATER POLLUTION
L1 Aquetc Texeny: Osta not svesadie

4.3 Bswgoal Orygen Demerw ODT
Dot not gwesatee
&4 Feed Cham Concentrstion Polunist

S MEALTN HAZARDS

i 8 | 2
LONUUNET reStENg DDA

2 Y 3 Lxposre

Pusher ploves: SI16ty QOODE AF MDY MEsk o sl

CMAES NG, VORI, weRANGRL. TERCY,

COGASTC THNOL. CONPE MPVOUS SICresson. COMICI wAth & CRUSaN FYRRION Of eyes and
100 DrOWVAGET COMICT M, INGETAON CHBAS Sh GICrERAON 1O OPD FIVTING.
$£3  Trestmem of Expomse: INRALATION: fermowe VR Rrther ssDomae; ¢ reathwng « O, ove

JXVQET ¢ WM B ot

. pve wvicw

L 2 d

FTYQen wnen trealwng ¢ ressne Al & phymoen. EYES: fumh weth emwr iy ot leamt 15
SKIN: wath wed wwh 5080 M0 we. INGESTION: gwe Qasec lsvegs & Cathancs.

S4 Threshold Umet Yasss X0 pore

55 Short Term innswtien s Osts Nt svedadis
S8 Tomery by ingestiore Grae 2: ored ADse = 770 mysag (0
L7 Late Tomwity: ™ocuces swer SN0 MOSY FRSY W SIDENMENIE BrwNals

13 Vasor (Gas) TNt

OCaws not

Dats acn

58  Lewnd or Sels rreant
$.10 Ooor Threaheis: Dals Aot pvmsiabie
S£11 IDWLMH Vaue: 4.000 pom

1 SHIPMIKG INFORMATION

L3 Greoes of Purmy: Comerarcsl

22 Siorege Tompersnare Arvoasrd
2 nert Atnessners: NO recurenent
3.4 Ventng Presnsevecars

12 PNYSICAL AND CHEMICAL PROPERTIES
121 Physical Stts ot 15°C e 3 sae
Licnad

122 Moleasw Weight $7.0
123  Soing Pemnt at 1 s
ax 140°F » 0C « 323X
wang 130°F @ 4T & 3K
124 Freamng Penc
oF =114°F a =B1C « 92K
rve «=58F & «50TC = 22K

124 Critcal Pressurs Not perwrent
127  Seecifc Orawry:

128 Ueud Surfecs Tenmerc
24 oyew/om o Q024 N/m at 20°C
113 LUowd Waler intermcial Tensore
test)
30 ovnes/cm « 0.030 N/m ;1 20°C
1230 Veoor (Gas} Seecrtic Growny: 3.34
1271 Ravo of Seectfic Meats of Vapor (Gask
1.0488
1212 Latent Meat of Yaportzation:
120 3/ = T2 g -
2.0 X 100 uing
12,13 Hest 8 Comuston —4 8472 BW/D a
-2892.9 cavg = ~11267 X 10% Jing
1214 Mest of Decompoersors NOtU parenent
1L1S  est of Sokstore Not perwnent
1216 Nest of Porercaeorc NOI perenent
1225 iNeat of Fumion: Dam not svedadie
122%  uemiting Vale: Tan ROt svedatie
1227 Rerd Veper Preumsrw Dotk not svadadie

€ FIRE HAZARDS (Continesd)
611 Sisicriemetis A 0 Fusl Ratix Oata AGL avasadie

612 Pems Semperstare Do 1ol gvaiatie

JANUARY 199




DEL

1,2-DICHLOROETHYLENE

12.17
SATURATED LIQUID DENSITY

12.18
UQUID HEAT CAPACITY

1219
LQUID THERMAL CONDUCTIVITY

12.20
UQUID VISCOSITY

; " . British thermal
umperature Pounds cubic Temperature British thermal unit Temperature Py . Temperature .
Jogrees F) Toot (degrees F) per pound-F (degrees F) | UMESNCh R NOUT | (degrees F) Centipoise
35 81.020 35 193 65 807 40 478
«0 80.820 40 196 70 894 50 454
45 80.610 45 .198 75 .882 60 432
50 80.400 50 200 80 868 70 411
55 80.190 55 202 85 .857 80 | 383
60 79.9680 60 204 90 B4 0 are
65 79.780 65 207 95 832 100 .360
70 79.570 70 209 100 819 110 345
75 79.360 7% 21 105 807 120 33t
80 79.150 80 213 110 794 130 319
8s 78.940 85 216 15 782 140 307
0 78.740 %0 218 120 769 150 296
95 78.530 95 220 125 757 160 286
100 78.320 100 222 130 T4 170 276
105 78.110 105 224 180 267
110 77.900 110 227 190 259
115 77,650 115 229 200 251
120 77.490 120 231 210 244
125 77.280 125 233
130 77.070 130 236
138 76.860 138 238
140 76.650 140 240

1221
SOLUBILITY IN WATER

1222
SATURATED VAPOR PRESSURE

12,23
SATURATED YAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

2mperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water {cdegrees F) inch (degrees F) foot {degrees F) per pound-F
68 630 58 3.008 s5 05284 0 150
60 3.396 80 05806 20 .153
65 3.824 65 06587 40 .158
70 4,297 70 .07330 80 159
75 4817 75 .08141 80 .162
-] §.389 80 08023 100 . 165
8S 6.018 8s 09880 120 167
90 6.702 90 11020 140 170
95 7.453 95 12140 160 a73
100 8.272 100 .13360 180 176
105 9.164 105 .14660 200 179
110 10.130 110 16070 220 182
115 11.180 115 17580 240 : 185
120 12.330 120 .19220 260 ' .188
125 13.560 125 20960 280 .191
130 14.900 130 22830 300 194
135 16.340 135 24820 320 197
140 17.880 140 26960 340 200
: 360 203
380 205
400 208
420 21
440 214




APPENDIX B

POTASSIUM PERMANGANATE INFORMATION




Carus - CAIROX® Potassium Permanganate Page 1 of 6

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

) l Compound CAS Registry Number
Permanganic acid HMnO, 13465-41-3
Potassium Permanganate KMnO, 7722-64-7
Sodium Permanganate LNaMnO 4 10101-50-5
Permanganate ion MnO,” l( 1433-13-2

LPotassium Permanganate: CHEMICAL PROPERTIES

Density 2.703 grams/cm® at 20°C
g?aub?l(i)t‘;/s MnO," is not the thermodynamically stable form of manganese in

water, thus, permanganate tends to (very slowly) oxidize water with
the evolution of oxygen:

4MnO, +4 H'— 4 MnO, +2 H,0 + 0,1

| Solubility | The aqueous solubility of alkali metal permanganates - measured

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




Carus - CAIROX® Potassium Permanganate Page 2 of 6

Solubility
| at room temperature decreases as the atomic number increases.
| 900 g/L for NaMnO,,
160 g/L for KMnO,
2.5 g/L for CsMnO,,
Aqueous Aqueous solubility
Solubility KMnO,, gram/liter = 30.55 + 0.796 (T, °C) + 0.0392 (T, °C)?

Where: T = Solution Temperature, Centigrade
Melting Point Decomposes at 200 - 300 °C.

Thermal 10 KMnO,250:300°¢,2 65K,MnO,, + [2.35 K,0 * 7.35 MnO, (] + 60,
Decomposition :
Crystal orthorhombic
Structure space group Pnma and four molecules per unit cell
a=9.105A, b=5.720A, and c=7.425A.
Bonding The manganese atom is surrounded by four oxygen atoms located

at the corners of a regular tetrahedron.

The average Mn-O bond distance in the permanganate ion is 1.629
+0.008 A

The average O-Mn-O bond angle is 109.4 £0.7°

Bulk Density approximately 100 pounds / cubic foot : : : T
Specific Gravity || 1.0000 + 0.007 [ KMnO4, % (wiw )]

Color The permanganate ion ( MnO," ) is purple.

Potassium Permanganate: AQUEOUS SOLUBILITY

<

E  300¢

g 250}

g

g 200}

&

o -

£ 150
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% 50 |
g . N N f i 1 " 1 ! R
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Temperature, °C
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£ Potassium Permanganate: REDOX REACTIONS
o Alkaline conditions (pH >12) , E0 = (0.56

MnO,” + e’ MnO,%"

« Neutral conditions ( pH range of 3.5to 12 ), Ey=1.69

MnO4' +2 HZO +3e— MnO2 +4 OH
-

» Acidic conditions ( pH <3.5), Ey=1.51

| MnO,” + 8 H* + 5e'— Mn®* + 4 H,0

Redox potential is a function of oxidant concentration and solution pH.

Potassium permanganate, as a general rule will oxidize anions more readily than
neutral molecules which are oxidized more readily than cations.

Z2>HZ > H,Z>H,Z*

Potassium Permanganate: OXIDATION EXAMPLES

'« Divalent Manganese: Mn?*
3Mn 2"+ 2 MnO,+ 2 Hy0— 5 MnO,  + 4 H

1 part Mn?* requires 1.92 parts KMnO,
1 part KMnO,, will oxidize 0.52 parts Mn?*

« Divalent lron: Fe2*

3Fe? +Mn0O, +4H' 5MnO, +3Fe®  +2H,0

2(s) (s)

1 part Fe?* requires 0.94 parts KMnO,
L1 part KMnO, will oxidize 1.06 parts Fe?*

+ Hydrogen Sulfide: H,S

£ Reaction shown under neutral conditions:

http://www.caruschem.com/CXPOTPER.HTM 7/26/1999
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1 part H,S requires 6.2 parts KMnO
2 4

- 2- , g0
3 H,S +4MnO, = 2 80,2 + 8% + MnO, , +3MnO , + 3 H,0

1 part KMnO,, will oxidize 0.16 parts H,S

Page 4 of 6

Specific Conductance vs KMnO, Concentration in Water

16 7

14 1

12

10 1

Specific Conductance, mS/em @ 25° C

y = 0.7002x + 0.0815
R® = 0.9939

8 10 12 14 16 18 20
KMnOs, gL

KMnO 4 Concentration, %

Specific Conductance, mS/cm @ 25°C

0.08
0.20
0.40
0.80

o

S Pt
OO0Oopooo

0.0508
0.1303
0.298
0.596
0.745
1.576
3.07
7.39
13.91

CAIROX® Potassium Permanganate: SAFETY AND HANDLING

Packaging and
Storage ‘

http://www.caruschem.com/CXPOTPER.HTM

Most grades of CAIROX® are available in 25 kg pails, 50 kg kegs, |
150 kg drums, 1500 kg cycle-bins, and bulk up to 48,000 Ib.
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
i contact with acids, peroxides, and all combustible organic or

' readily oxidizable materials including metal powders. With

7/26/1999




Carus - CAIROX® Potassium Permanganate © Page 5 of 6

| | hydrochloric acid, chlorine gas is liberated. It may decompose if
| | exposed to heat (>150°C/302°F).

, Handling and | \where exposure to air-borne CAIROX® may exist, a user should %
() - | Protective wear goggles, rubber or plastic gloves, and an approved NIOSH-
Equipment 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 solution,
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 decomposition
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 First aid treatment for eye contact involves water flushing for at
least 15 minutes, holding lids apart to insure that the entire surface
is flushed. Never attempt to neutralize chemically.

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

For an inhalation problem, move the person out of the
contaminated area to fresh air. Administer oxygen if required.

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

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

Fire Fires involving CAIROX® may be controlled and extinguished by
using large quantities of water. Do not use dry chemical, CO,, or

Halon extinguishers. If fumes are present, wear a positive
breathing apparatus and full protective clothing.

Top

Home

CAIROX® is a registered trademark of Carus Corporation
Copyright © 1997 Carus Chemical Company, Peru, IL 61354 USA. All rights reserved
Last Updated: 9/23/97

£ Carus Chemical Company '
315 Fifth Street « Peru, lllinois 61354 )

http://www.caruschem.com/CXPOTPER . HTM 7/26/1999
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315 Fifth Street « Pery, illinois 61354
1-800-435-6856 « FAX: 1-815/224-6697
E-Mail: salesmkt@caruschem.com ' V

T ARIIS
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MATERIAL SAFETY DATA SHEET

CAIROX Potassium Permanganate

r

|Section 1 Chemical Productand Company Identification

PRODUCT NAME:  CAIROX Potassium Permanganate, KMnO,
SYNONYMS: Permanganic acid potassium salt -
Chameleon mineral
Condy's crystals

E: CAIROX® Potassium Permanganate

-Permanganate of potash
MANUFACTURER'S NAME: CARUS CHEMICAL COMPANY TELEPHONE NUMBER FOR INFORMATION: 815\223-1500
MANUFACTURER'S Carus Chemical Company ‘;l.:_ ... w2y EMERGENCY TELEPHONE NO.: 800\435-6856
ADDRESS: 1500 Eighth Street b -

P. O. Box 1500 o L

LaSalle, IL 61301 : _ v CHEMTREC TELEPHONE NO.: 800\424-9300

I
i

|Section 2 Comnositionffhfofmation on Ingredients

Material or component CAS No.# wire f{g Ea Hazard Data
Potassium Permanganate 7722-64-7 ;= . 97% min. -KMnO, PEL*#(C*+*+ 5 mgMn per cubic meter of air

(5mgMn per cubic meter of air is equivalent to 0.0046
ounces per 1000 cubic feet of air)

TLV-TWA***+ 02mg Mn per cubic meter of air

*  Chemical Abstract Service Number
**  OSHA Per ible Exp. Limit,

pounds (exp d as Mn) 29CFR1910.1000 Tabie Z1

*¢+  Ceiling Exp e Limit or i ion not to be ded under any ci

****  American Confi of Gover ] Industrial Hygienists 1998, for dust and compounds, expressed as Mn. TLV-TWA = The time weighted average ion for a

normal 8-hour workday and a 40-hour workweek, to which nearly all workers may be repeatediy exposed, day after day, without adverse effect.

1. Eye Contact )
Potassium permanganate is damaging to eye tissue on contact. [t may cause severe burns that result in damage to the eye.

2. Skin Contact
Prolonged contact of solutions at room temperature may be irritating 10 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, airbome concentrations of potassium permanganate in the form of dust or mist
may cause damage to the respiratory tract.

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

sﬁa Responsible Care’

A Public Commitment




Section 4 First Aid Measures ™

1. Eves
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 chemicaily. Seek medical attention immediately. Note to physician: Decomposition products are alkaline.

2. Skin
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 atténtion
immediately.

Section 5 ___FireFighting Measures

NFPA* HAZARD SIGNAL

Health Hazard 1 = Materials which under fire conditions would give off irritating combustion products.
(less than 1 hour exposure) Materials which on the skin could cause irritation.
Flammability Hazard 0 = Materiais that will not burn.
Reactivity Hazard 0 = Materials which in themselves are normally stable, even under fire exposure conditions, and which are not
reactive with water. P
Special Hazard OX = Oxidizer o

*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.

FLASHPOINT : None
FLAMMABLE OR EXPLOSIVE LIMITS Lower: Nonflammable Upper: Nonflammable
EXTINGUISHING MEDIA Use large quantities of water. Water will turn pink to purple if in contact with potassium

permanganate. Dike to contain. Do not use dry chemicals, CO,, Halon® or foams.

SPECIAL FIREFIGHTING PROCEDURES If material is involved in fire, flood with water. Cool all affected containers with large quantities
of water. Apply water from as far a distance as possible. Wear self-contained breathing apparatus and full protective clothing.

UNUSUAL FIRE AND EXPLOSION 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,

hg? ResponsibleCare’ |
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|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 retumn spilled material to the original container. Transfer to a clean
metal drum. EPA banned the land disposal of D00I 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, coliect 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.

| Section 7 Handling and Stm;:égg

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.

Ventilatiou Requirements

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

Conditions for Safe Storage

f‘ i} Store in accordanced with NFPA 430 requirements for Class Il 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 Exgosure Controls/Personal Protection
PRI S A RIS | N T PN Y Y F O W L oY R 2 T B W R S TR I R S SR RS

Respiratory 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.

Eve

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

Gloves
Rubber or plastic gioves should be worn.

Other Protective Equipment

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

o sﬁé ResponsibleCare’




|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 @ 20°C (68°F)
VAPOR PRESSURE (mm Hg) Not applicable VAPOR DENSITY (AIR=1) 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=1) Not applicable

MELTING POINT Starts to decompose with evolution of oxygen (O,) at temperatures above 150°C (302°F)
OXIDIZING PROPERTIES Strong oxidizer
}Sectlon 10 , Stabllltv and Reactw:tv

STABILITY Under normal conditions, the material is stable.

CONDITIONS TO AVOID Contact with incompatible materials or heat (>150°C/302°F)

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

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

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

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

Sectlon ‘1-1 Toxicological 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
1. Acute Qverexposure
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. Carcinogenicity
Potassium permanganate has not been classified as a carcinogen by OSHA, NTP, [ARC.

4. Medical Conditions Generally Ageravated by Exposure
Potassium permanganate will cause further irritation of tissue, open wounds. burns or mucous membranes.

Registry of Toxic Effects of Chemical Substances
RTECS #S8D6476000

55? Respnnslble Care’
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Section 12 _Ecological Information

m Entrvtothe Environment

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

Bioconcentration Potential

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

Agquatic Toxicity

Rainbow trout, 96 hour LC,: 1.80 mg/I
Blugillsunfish, 96 hour LC,: 2.3 mg/I

l
\Section 13 Disposal Consideration

DEACTIVATION OF D001 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.

i
| Section 14 Transport Information
DEPARTMENT OF TRANSPORTATION INFORMATION:
Proper Shipping Name: 49 CFRIT2.I0L ..t Potassiumn Permanganate
ID Number: 49 CFRI172.101 ...UN 1490
Hazard Class: 49 CFRIT2.106. oot Oxidizer
Division: 49 CFRIT2Z.I0D it 5.1
Packing Group: 49 CFRIT2.01 it i

' Section 15 Regulatorv Information
5 P TR 36

TSCA Listed in the TSCA Chemical Substance Inventory

CERCLA HazardousSubstance
Reportable Quantity: 40 CFR1164; 40 CFR3024......ccoovivier. RQ-100 Ib.

RCRA Oxidizers such as potassium permanganate meet the criteria of ignitable waste. 40 CFR 26121

SARA TITLE HI Information
Section 302 Extremely hazardous substance:  Not listed
Section 311/312 - Hazard categories: Fire, acute and chronic toxicity
Section 313 Cairox Potassium Permanganate contains 33-35% manganese as pant of the chemical infrastructure (manganese
compounds CAS Reg. No. N/A) and is subject to the reporting requirements of Section 313 of Title Hi, Superfund Amendments and
Reauthorization Act of 1966 and 40 CFR 372.

sf? ResponsibleCare
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STATELISTS Michigan Critical Materials Register: Not listed
California Proposition 65: Not listed
Massachusetts Substance List: SF8
Pennsylvania Hazard Substance List: E
FOREIGNLISTS Canadian Domestic Substances List (DSL) Listed
Canadian Ingredient Disclosure List Listed
European Inventory of Existing Chemical Substances (EINECS) Listed
! Section 16 Other Information
NIOSH National Institute for Occupational Safety and Health
MSHA Mine Safety and Health Administration
OSHA Occupational Safety and Health Administration
NTP National Toxicology Program
IARC International Agency for Research on Cancer
Kenneth Krogulski
February 1999

&>

Responsible Care’
A Public Commiiment

CTCARUS

The information contained is accurate to the best of our knowledge. However, data, safety standards and govemment requiations are subject to change; and the conditions

of handling, use or misuse of the product are beyond our control. Carus Chemical Company makes no wamanty, either express or implied inciuding any warranties of
merchantability and fitness for a particular purpose. Carus also disclaims all liability for reliance on the completeness or confirming accuracy of any information included herein.

Users should satisfy themselves that they are aware of all curent data relevant to their particular uses.
Rev. 2/9¢9 Form # 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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CARCIS

To: Mr. Mark Salvetti

Harding Lawson & Associates
From:  Ms. Jessie Nickerson

Carus Chemical Company
Date: 2 November, 1998
fax #: (781) 246-5060
No. Pages: four (4)

Re: CAIROX® Potassium Permanganate Test Results

Dear Mr. Salvetti:

~

Attached for your review are the results of our laboratory testing for the treatment of TCE and PCE
contaminated water sample. As you can see by the data, CAIROX potassium permanganate was very
effective at the TCE removal and, with enough dosing and time, cffective on the oxidation of PCE as well.

If we can answer any additional questions for you please feel free to call me at (815)224-6501. Meanwhile,
we look forward to working with you on this project. Please call me if you would like to discuss price and
delrvery of our product or if you also would like to discuss permanganate feed equipment (vental and/or
purchase) for this project. Thanks and I look forward to hearing from you.

Best regards,
<

‘%‘s:z::' Nickerson

Industrial Sales & Marketing Manager -

ce: Dave Amarante
Phil Vella

Carus Chemicat Comparry

315 kih Street

PO, 8o 599

m Prew I 613540599
led (ML) 223 1500

Fax (B1S) 224 6697
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CARUS CHEMICAL COMPANY
Technalogy and Quality

Industrial Report

29 Qctober 1998
Customer: Harding Lawson and Associates . cc D. Amarante
Orlando, FL K. Pisarczyk
TECH 7148 = o P. Vella
Attention: ~ J. Nickerson |
Author: B. Veronda
Subjccts KMnQ4 for the Oxidation of Trichloroethylene (TCE) and

Perchioroethylena (PCE) in Water

Groundwater samples were received from Harding Lawson and Associates on 10 Saptember 1998.
The samples were collected 9 September 1998 from a site contaminated with TCE and PCE. A
CAIROX® treatability study was requesred to dptermine the effects of potassium permanganate
(KMnOg4} oo TCE and PCE. ’

From information provided the reaction time was limited ro between 1 and 2 hours, Treatment of
the saroples with potassium permznganate was conducted at those two times, und the results are
given in Tables 1 and 2.. Fagures 1 and 2 show the removal of PCE with respect to K¥InO4
concentration. Because the TCE levels were effectively removed at the first permanganate dose,
those results are not shown graphically. '

From the dala it is evideat that TCE and PCR levels can be lowered to < 20 pug/L. with CAIROX®
potassium permanganate. Removal is a function of both reaction time and initial KMnOg4
concentration.” Beacusc of the rapid and complete oxidation of TCE and PCE, CAIROX®
tassiom permanganate can be used in a pump and treat system with the treated water (if allowed

y regulations) discharged back into the ground. :
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Table 1. TCE/PCE Removal: | Hour Reaction Time

KMnO4 Cancentration | TCE Concentraion | PCE Concentration**
| @) (mg/L) - (mg/L) Cp 23017
0 0.055 3.170 °

100 . 0.010 3.037

250 *ND 2.126

500 *ND 1.977

1000 “ND 1.225

2000 *ND 0.453
4000 *ND 0.0521 L= 0014

*ND Not Detected
** All results are corrected for dilutiop.

Fxgure 1 ' PCE Removal Using CAIROX® Potassium Permanganate:

1 Hour Reaction Time
= T X T 1
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Table 2. TCE/PCE Removal: 2 Hour Reaction Time
KMnO4 Concentration | TCL Concentration | PCE Concentration*#
' (wg/L) (mg/L) (mg/L)
0 0.055 3.147 CAO =3,/
100 TBDL 2.540)
250 *ND 2.098
500 *ND 1.222
1000 *ND 0.486
2000 *ND 0.092 Cfp, = 0035
4000 *ND TBDL
TBDL Below Detection Level of <0.010 mg/L
*ND Not Detected
"*% All results are corrected for dilition
Figurc 2. PCE Rc.tnoval Using CAIROX® Potassium Permanganate:
<. 2 Hour Reaction Time
[l : — { T i 1
3.000 i
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CARIS
To: . Mr. Scott Bostian
Harding Lawson & Associates
From:, Ms. Jessie Nickerson - - |
Carus Chemical Company

Date: 2 November, 1998
fax #: (850) 656-3386
No. Pages: four (4)

Re: CAIROX® Potassinm Permanganate Test Results

Dear Scott:

Attached for your review are the results of our laboratory testing for the treatmeat of TCE and PCE
contaminated walcr and soil samples. As you can see by the data, CAIROX potassium permanganate was
very cffective at the TCE removal and, with enough dosing and time, effective on the oxidation of PCE as
well. Also, you'll note that the permanganawe did not have any adverse reactions (ie, beat generatjon, etc.).

o If we can answer any additional questions for you please feel free to call me at (815)224-6501. Meanwhile,
we Jook forward 1o working with you cn this project. Please call me when you get an idea as to the amount
of permanganate you think you will require and also an hourly dosing ratc and I'll be uble to answer your
questions on pricing, including on the rental of the appropriate feed equipment for this project. Thanks and
I look forward to hearing from you.

Best regards, _
Jessica L. Nickerson o '

Indusuial Sales & Marketing Manager

[T Dave Amarante
Phil Vella

Carvs Chernfen Company
315 Fh Swaet
PO v 39y
Avru. il G1 334 0599
et (8153 273 1500

{a\ Pow (81 %) 224 6697
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CARUS CHEMICAL COMPANY
Technology and Quality - -

Logugtrial Report
29 Oclober 1998
Customer:  Harding Lawsan and Associares .« D. Awmaraate
Tallahassee, FL K. Pisarczyk
TECH 7127 P. Veliu
Ameagon:  J. Nickerson
Axthor: B. Veronda |

Subject: RMnOg frr the Oxidation of Trichlaroethylene (TCE) and
Perchloroethylenc (PCE) in Water andd Soil

Groundwatcr and soil samples were moexved from Harding Lawson and Associates an 27 August
1998. The samples were collected 25 August 1998 from a site contaminated with 1CE and PCE.

A CATROX® treatahility susd wzsmquuwdwmmccffocsof tassium permasganate
(KMnOy4) on TCE and PCE. d pe

Water Sample

The results of the reatability stndy performed at low KMpO4 cogccatrations are preseuted in
"Tuble 1. Based on these results, higher permanganate dosuges and lwo separate reaction times
were evaluated. The results of those studics are presented in Table 2.

From the data it i evideat that TCE and PCE levels can be jowered ta < 20 pe/L (0.020 mg/l)ywith
CAIROX® potassium permangenate. Removal is a funaicm of hoth reaction time and initial
KivinQ4 conceatration.

Table 1. Effect of KMnO, on TCE and PCE: Low KMnOq4 Dose

Sample KMnQy4 Reaction - TCE PCE TCE PCE
: Dose (mg/1.}|° Time mg/L) (mg/L) Removed Rermoval
(Fonrs): (%) (%)
HLA #1 0 24 156 T 5.44 0 0
THILA# 10 A 14] 5.19 14.6% 4.9%
BLA #3 25 1 0.45 5.09 27.0% 60.6%
HLA #4 T S0 24 <0.01 3.70 90, 32.1%
THLA 75 T 24 - <0.01 “2.46 SO5%, ~—+—%35% ]
HLA %6 100 24 - <001 1.89 >00% ~69.0%
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Table 2. Effect of KMnQy4 on TCEandPCE:Iﬁghm04Dosc
S KMnO4 Reaction 'TCE PCE % Removal | % Removal
T Tme | (mgh) | (mgl) | TCE PCE
{xoz/L) (hours)
T# 0 0 1.82 7.06
7] 1007 $ <0.01 3.40 >99%, 46.6
s 250+ BE <0.01 213 >99% 66.6
T S00* 5 0.0 0.59 > 90.8
T# | 50% 3 <001 [\ >09% 6.
% | 10008 3 <0.01 0.09 - >059; 33.6
T#2a 100% 24 .01 1.82 >99%_ 74.2
- 1#3a 250+ 24 <0.01 0110 ~99% —_58.4
Tida S00* 24 <0.0] 0.042 >90%, 99 4
T#3a 750% 24 ~ <001 0.014 >90% 99,8
" 1¥6a 1000* 24 <0.01 0.014 > 99 .8

* Residual KMnOg was abserved in these samples

Soil Sample

Testing of the soil sample proved to be difficalt.  Obtaining reproducible resuils based on the
treatment method was the |
hexane, formation of an emuliston after oxidation with

sivm ganate, or the low levels

perman
of organics detected. The les were mixed by hand , reacted for 1 or 2 hours, thep extracted
with c for 1 haur before analysis. :
The 30 minute potassium sanate demand of the soil was approximately 8400 mg/T.. The

N PCINANE
results of the 1 hour test are given in Table 3. The data for the 2 hour reaction time (oot shawn)
indicated po cesidual TCE in the soil and PCE concentrations below 0.010 mg/I.. No adverse

- interaction was observed between KMinOy4 and the soil {e.g. gas or heat evalution, no resciion with

carbomate, no pH adjustment needed, cic.) as would be the case if Fenton's System (H203) was
used. From the data generated, CAIROX® potussium anate will be abic to Jower both the
TCE and PCE conceatratians in the soil to ievels less thar 0.010 mg/L (10 pg/L).

t problem. This may be due ro poor extraction of the soil with

\
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Table 3. TCE/PCE Remaval: 1 Hour Reaclion Time
KMnOs Concentrarion | TCE Concentration | PCE Cancentration
(mg/L) (mg/L) (mg/L)

0 (Firsr) wBDL 0.0165
2,500 ' 0.012 0.0297
5,000 *ND 0.0297
7.500 *ND 0.0180
10,000 “ND 0.0122
15,0000 “ND BT
20,000 *ND =BT

0 (Last) **BDL 0.0275

.. *ND Not Detected
@ Below Detectable Levels of <0.010 mg/i.
RN
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» | al Company
g 315 Fifth Street
P.O. Box 599
Peru, IL 61354-0599
Tel (815) 223-1500

Fax (815) 224-6697
CARIIS
!
TO:  Mark Salvetii/ Harding Lawson & Associates
FAX #: © .. i(781) 246-5060
FROM: Dave Amarante
DATE: December 18, 1998
PAGES (including cover): 2
Subject: | KMnOs Demand Study Resuits
Mark:
oy,

Here are the test results of the KMnO4 demand study performed by our laboratory. The 30 minute demand test
showed that soil samples V4512071 and V4S12072 consumed 588 mg/L and 359 mg/L. of potassium permanganate
respectively. This of course could vary during a full-scale field appiication.

if you have any further questions or need additional information, please contact us at (800) 435-6856. Thank you for
interest in Cairox® and have a happy'ho!iday-; ’

31

I
Pt

Best regards,

D/ﬂ%

David Amarante

named ab: i the reader of
2by notified that any dissemination, distribution

orwmg of ths commmmtnn s M m_lm_n_ed Hyou mceivcd lhls communication in arrer, please noh{y us ﬁmmadblelg by telaphone, and retum the original massaga to

us gt the above adarass via the U S. Postal Seevica. | nank you:
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CARUS CHEMICAL COMPANY
Technology and Quality

Industrial Report

15 December [998

Customer: Harding Lawson and Associates

Orlando, FL
TECH 7259

Attention: . Mark Salvetti.
Author: B. Veronda S

Subjectt  KMnOq Demand of PCE/TCE Contaminated Soil

Co4

D. Amarante
J. Nickerson
K. Pisarczyk
P. Vella

@ioo2

Two soil samples were received from Harding Lawson and Associates on 8 December 1998. The
samples were collected 7 December 1998 from'opposite ends of the site where a pilot study for
TCE/PCE oxidation with potassium permanganate is to take place. A CAIROX® potassium
permanganate demand was requested to determine the demand of the soil surrounding the

contaminated area

The potassium permanganate demand is the amount of permanganate consumed in a given amount
of time. "For this testing, the timc was 30 minutes. It can be assumed that the soil will have a
slightly higher consymption rate as the contact time is increased. The results are presented in

Table 1.

4o

]

Table 1. Potassium Permanganate Demands of Soil Samples from
L Harding Lawson and Associates

i . t ; i S g

Sample ID 30 Minute
‘ __KMnO4 Demand (mg/L)
. V4S12071 o | 588
T vasIaon 359




JAN-25-98 14:47 FROM:HARDING LAWSON ASE6E" " Ip.1ae70988150 PAGE

uanterra Date: 01/25/99

Eavi f ook ’5; Time: 11:35:22

Servi ? (Mountain Time)
¥
From: Debbie Hula t é To: Mark Todaro
Quanterra Inc. o Harding Lawson
4101 shuffel Drive NW -
North Canton, OH ;44720 o= 407-8966150

voice: 330-497-9396 "'
fax: 330-497-0772

' Number of Pages
Includlng Cover Sheet: 02

The information contained in this facsimile transmission is privileged and
confidential information. intended only for the use of the individual or
entity named above. If:the reader of this message is not the intended
recipient, you are hereby notified that any dissemination, distribution, or
copy of this communication is strictly prohibited. If you have received this
compunication in error, please notify us by telephone- Thank you.

Quote Number: 026880
f 'Project Number:
Project Name/Site: NTC ORLANDO OU4

-

5/86
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QUANTERRA INCORPORATED

ing
The results shown below may still require additional laboratory review and are subject to
change. Actions taken based on these results are the responsibility of the data user.

Harding Lawson PAGE 1
Lot. #: ASL160185 ‘NIC ORLANDO 0Ou4 Date Reported: 1/25/99
REPORTING ANALYTICAL
PARAMETER RESULT LIMIT  UNITS METHOD

Client Sample ID: U4512071 .
Sample #: 001 Date Sampled: 12/15/98 11:15 Date Received: 12/16/98 Matrix: SOLID

Inorganic Analysis ‘ _ B Reviewed
Total Organic Carbon- - © {3000 © - 130 ng/kg SMCA WALKLEY-BLAC
Total Residue as b 79.5 0.10 p4 MCAWW 160.3 MOD

Percent Solids

m&mmli—ihh«hmhhm-'

]}

Client Sample ID: U4S12072 =~ | ' '
Simple #: '002  Date Sampled:’12/15/98 11:45 Date Reccived: 12/16/98 Matrix: SOLID

i

. v

Inorganic Analysis . o Reviewed
Total Organic Carbon 1200 100 »g/kg SMCA WALKRLEY-BLAC
Total Residue as 98.9 0.10 z MCAWW 160.3 MOD

Percent Solids

+
13

Results end reporting limits heve.been adiuated for dry welwnt.

-
PR 3y
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CAIROX"

Potassium Permanganate
CAS Registry No. 7722-64-7"

FACT SHEET

"

The foliowing two tables, “Metale Compatibliity” and “Piastics and Other Non-Metals Compatibility” show
materials of construction and whathar or not they may be used with solutions of potassium parmanganate.

in using the information provided in this chart, it should be undarstood that some of ths data was gathered
from in-plant and fleid experiences of ongineers and plant operators using permanganate solutions, Over
hait of the data is from laborstory axperiments only. The manufacturars iterature was aiso consulted in the
preparation of the charts. in each case, the resutlts are specific ta the conditions under which the perman-
ganate was being applled. Usa these tables as a guide, but not as s guarantoa.

[

METALS

Potassium p;;nnahdanaxe compatibility with metal products will depend upon the solution pH, and for some matats,
on the solution temperature.

When adjusting the solution pH, always be certain that the metal is aiso compatitie with the acid or alkali being used.

SOLUTION pH

Ferrous Metals S . Acl'd'c N,mal ch
Caroon Steel ........ ... ... SO 'NO -YES -YES
Black lron ... ... e, NO YES YES
Galvanized Steel . ...........:.. ... NO NO NO
Stainless Steel* e

304 . . U .... YES "YES YES

36 0.0 . Y..... YES® YES YES

420 ... e YES? YES  YES

2% C0 oo, * YES?  YES?

74 ¢ S . YES® YES?
Carpenter 20 . ................ .. ... YES YES YES
Non-Ferrous Metals
Aminum .. NO  YES* NOS
Copper ... NO  YES* NO°
Lead ... ...... ..o NO YES* NO®
Nickel ... .. ... YES YES YES
Tantalum ... .. e . * hf
o YES YES YES
Titanium . ... . YES YES
Tne NO NO NO
Zreonium®. ... YES YES  YES

CAKLY BINGR

Materials
- Compatibility
- ‘Chart

€ivug

SOLUTION pH

Metai Alloys Acidic Neutral Basic
Brass ......cc0eiiiii NO YES YES
Bronze ................0iin... NQ YES YES
Hastalloy-

B&D .vivii NO NO NO

Y . YES YES
Incoioy

BOO ... . YES YES

828 .. e, " YES YES

BAO .. . YES  YES®
Monel?

400 ... . YES  YES

“information not available

SPECIAL NOTES FOR METALS COMPATIBILITY

1.

Stainfess Steeis have a high corrosion rate when chiorides are
present in the permanganate solution. They are not compatible
with hydrochloric acid (HCI).

.. An accelerated corrosion rate was tound when nitric acid is used

to acidify permanganate solutions,

. Compatibie at room temperature only.
. Only "FAIR" or *“MOUERATE" life when used with permanganate

solutions. Short-term use wauld be acceptable.

- Unsuitable with alkali, such as sodium hydroxide or potaséium

hydroxide. Should not be used with alkaline permanganate solu-
tions.

. .‘FAIR" with parmanganate solutions.
. "MQOERATE" lifg balow 100°F.
. lacoioy 840 falled when used as the “sheath™ matetial for an

immersion heater in a 2% to 4% permanganate solution,

. Tested atpH 3, 7, and 9.
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PLASTICS AND OTHER NON-METALS
Potassium parmanganate séiutions can affect the strength, flexibility, surface appearance, or cofor of plastics, The

chamical attack that could cause these changas might include: (1) oxidation of the polymer chain, (2) exidation

of the functional groups in or on the chain, or (3) depolymerzation.

Fibers Haoss, Tubing, Pipe, and Gasket Materials
ACBIBIES . ..ottt YES  ASBESIOS .............iiiiiiiiiieiiiiiaa.... . NO
ACIYRCS . ..ven e e e YES  Chiorinated Polyvinyl Chioride (CPVC) . ............... YES?
(071 7+ T Ceecreeans .. NO Ettylene Propylene Rubber (EPR) ............... ..... NO
Nylon {polyamidas) ......iceececioieeainianaaian, NO Ethyiene Propylene Terpalymers (EFT) ............. «+- YES®
(07173 T D - NO HyCar . NO
T NO Hypalon ... . i e YES
POIRSIONS .. .ooeteennnneeaa i ionn e . YES'  Natural Rubber .......................... s NO
SR e i NO  Nitrle Butadiene Rubber (NBR) ...................... NO*®
WOOL o ttie e b e [ NO - NO
Tank, Tank Lmlngs Pump, and other Nerprene ... L. YES
Equipment Construction Materials PO e, YES
ABS PIASHE - onvereoneeeeenen. e ves  Polyphenylene Oxides (PPO) ............... .. ... YES
Asphalic Resin © L. ... UL I/ SRR no  Polyvinyidene Chiorde (Tygon) ..................... YES
COramic oo ien .. Yes  Polyvinyidene Fluoride (PVDF) ...................... YES?
EPOXY ROSI + - 5 e e s e e st s 2 h s 'vEg'  Styrene Butadiene Rubber (SBR)
FULANRESIN * o e oo sien e vinnecen, RPUIS YES' BunaN ..o NO
GRBEE e YES BuaaS ... NO
Lucite (8CryliC MBSIN) ..o .o . YES Teflon FEP ... YES’
Phenok-Formaldehyde Resin ... ... .. ... ... No  TEMONTFE .. e YES
Phenoiic Resin .......... TSNP yes' Voo oo R R RLEETELITPTEPLOP e YESS
Stytene COpOIYMErS ................ovviiiirans;  YES' Olis, Greases, and Lubricants
POIYAlIOMBE .. o\ v oo eie et e e YES . )
POYDUIYIENE - v e e e e et e yes  Alois, greases, and lubricants must be tested for com- -
POWCADANALE -« -« ev e tnenen e eese e ene e no  Patibiliy with potassium permanganate. i
Polyethylene  ......... ... ... .iiiiiiuiiiansonaannn YES? When unknown, assume that potassium permanganate will )
POlYPIODYIBME . . it e YES? react with these compounds resultmg in fire and/or explo-
PolyStyrene . .........c.cooiiiiiiiiiinian s N NO sion.
Polysuifone [ REEERRe. R R R YES
Polyurethane - ...... .. ....cooiiionee e eee. YES
Polyvingl Chioride | . ......oouiiiaiien oot YES*

................................ NG

Polyvirtyl Chioride 1i

SPECIAL NOTES FOR PLASTICS AND OTHER NON-METALS

5. Temperatures of 68° — 140° F
6. Temperatures to 68° F
7. Tompeoraturas of 68° - 2468° F

1. Temperatures up to 200" F
2. Discolored at 140" F

3. Temperatures of 68° — 176° F
4. Temperatures up to 140° F

The information contgined herein is accurate to the best of our knowiedge. However, data, safety standards and governmental requlations
pre subject to change, and, therefore, holders and users shouid satisty themselves that they are aware of all current data and regulations
ralevant 1o their particular use of product. CARUS CHEMICAL COMPANY DISCLAIMS ALL LIABILITY FOR RELIANCE ON THE COMPLETE-
NESS OR ACCURACY OF THE INFOAMATION INCLUDED HEREIN. CARUS CHEMICAL COMPANY MAKES NO WARRANTY, EITKER
EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY WARRANTIES OF MERCHANTASBILITY OR FITNESS FOR A PARTICULAR
USE OR PURPOSE OF THE PRODUCT DESCRIBED HEREIN. All conditions refating to starage, handling, and use of the product are beyond
the control of Carus Chemical Company, and shail be the soie responsibility of the holder or user of the product.

. e

carus CHEMICAL COMPANY s e s 22 150
PO, Box 599 Fax: 815 2246637

Per, 1L £1354-0529

ﬂ b{
Copynqm © 1984 cv. 7183 Form #180
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Determination of CAIROX® Potassium Permanganate
Residual for Wastewater Applications
(Proposed Carus Analytical Method 105: Spectrophotometric)

Objective: This method can be used to determine the residual CAIROXQ:"pomssium
permanganate in water using standard spectrophotometric methods, (- -0

Procedure:

1. Prepare a standard CAIROX® potassium permanganate solution by measuring
1.015 g KMnOy into a 1 liter volumetric and diluting to:the mark with distilled
water. This will resultin a 1000 mg/L stock solution. _ . -' [ ;-

2. From this stock solution, prepare KMnQy4 standardsmthemngc of 0 to 50 mg/L.

For improved accuracy, a minimum of three (3) sr_g__ ;;!.'!1.§.,_7th 1d be used to generate

o)y &= SRR3R R 2N

a calibration curve.

Generate an Absorbance vs Concentration: calibrauon curve for the standards
prepared (Figure 1). The Absorbance 'is'meastired at 525 nm and the

w

resulting curve should be a straight line. -, :

. Obrain a sample of unknown concentration and: filter through a 0.45 pm oxidant
resistant filter. This is to remove any wrbidity and MnO3 that may be in the water.
Addition of alum or a coagulant ‘before’ filtering may also be used to improve
turbidity and MnO» removal, RIS

SAMNATE

o

L%

5. Use an untreated, filtered water sat@e ‘to zero the spectrophotometer. Measure the
Absorbance of the filtered KMnO4 sample. : Using thie Calibration Curve, the
concentration of the CAIROX® potassium. permanganate can now be determined.
(From the absorbance reading draw a lin¢-across (parallel to the Concentration axis).
At the point it intersects the Calibration: Curve; draw a line down to determine the
concentration). As an alternative, :if the ‘Calibration Curve was generated by
computer, the equation of ‘the line may be ayailable. If so, the absorbance may be

LIS

Y

FE

4
3

AR

used to calculate the concentration value. * .

2 —— _
- ] oo &N KMnOy4 | Absorbance
£ ] KMnOsmgL=303xAbs . o™ (mg/L) | at525nm
v 1.0 © 0034
1 5.0 0.169
g ) 10.0 0.339
5 ] 250 0.831
8 0.5 - - R E T 50.0 1.652 \
-E ] [EREERES MTREEE RSN B Example: If the Absorbance is 1.10, 3
. D T R A the KMnQ, concentratiom will be i
0 10 200..30 400 1500160 '
KMnO, Comcentration: . (fL): - .
Figure 1. KMnO, Calibration Curve, 1~ "7 -0
(2.5 cm Cells. Hach DR2000) . - - 157"
4196 pv

Fomm #CX 3344




APPENDIX C

HYDRAULIC MODELING
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APPENDIX D

UNDERGROUND INJECTION VARIANCE
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BEFORE THE STATE OF FLORIDA
DEPARTMENT OF ENVIRONMENTAL PROTECTTON

In re: Harding Lawson Associates
Petition for variance

OGC File No. 99-0943

FINAL ORDER GCRANTING PETITION FOR
IANCE OM RUL 2-5 00(2

on June 8, 1999, Harding Lawson Associates (HLA), filed a
petition for variance from requirements in rule 62-522.300(2) (a)
of the Florida Administrative Code, under section 120.542 of the-
Florida Statutes and rule 28-104.002 of the Florida
Administrative Code. The petition was for a variance from rule
62-522.300(2) (a), which prohibite a zone of discharge for
discharges through wells, in order to use a product for in-situ
remediation 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
injéction control wells at the site of contaﬁination. A notice
of recelpt of the petition was published in the Florida
LdministfatiVe Weekly on July 9, 1999.

1. Petitioner is located at 1080 Woodcock Road, Suite 100,
orlando, Florida 32803.

2. HLA wants 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 Adminigtrative
Code, the.standards for Class G-II ground waters include the
primary and secondary drinking waterAstandards 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 Gréde) will be injected through wells or borings
into soil and ground water. When the potassium permanganate
golution cont&cts the contaminant molecules, the molecular bonds
are broken (oxidized). The by-products of this reaction are
potaésium, carbon dioxide, chloride ions, and manganese dioxide.
Laboratory and field tests of in—situ.chemical oxidation with
potassium permanganate have demonstrated the compound's
effectiveness for teducing contaminant concentrationé.

5. When potassium permanganate is added to the ground
water, the secondary drinking water standard for color (15 coloxr
units) may temporarily be exceeded. It is also possiﬁle that the
secondary drinking water standards for total dissolved solidé
(500 mg/L), aluminum (0.2 mg/L), manganese (0.05 mg/L), silver
(0.1 mg/L), and chloride (250 mg/L) could be gfmporarily
exceeded. None of these parameters will be exceeded beyond a
100-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 wells associated with an

aquifer remediation project," as described in rule 62-
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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 authorized 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 Class G-II
ground water. Strict adherence to this rule would preclude the
Department from granting approval for the use of the in-situ
chemical oxidation with potassium permanganate for remediation of
contaminated ground water.

8. The applicable rules state in pertinent part:

62-522.300(1) . . . [N]o installation shall

directly or indirectly discharge into any ground

water any contaminant that causes a violation in

the ground water 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 ite petition that to apply the zone
of discharge prohibition to its use of this remediation process
at contaminated sites would create a substantial hardship. The
petition also states that other methods of remediation not using

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

take longer. Remediation would improve the water quality, and to
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prohibit any exceedance of the spécified 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 the remeqiation of contaminated
ground water. By allowing the use of the in-situ pbtassium
permanganate, the clean up of the contaminatéd ground water and
soils will be accelerated and returned to a usable condition. 1In
addition, the use of the in-situ poﬁassium permanganate has been
tentativély.approyed by the Department's Division of Waste
Management as being a sound. environmental sclution to the
contamination, so long as HLA is able to obtain a variance.

10. Zones éf discharge for the use of the in-situ potassium
permanganate are necess&ry because of the temporary (not to
exceed 365 days)'excqedance of the color, total dissolved solids,
aluminum, manganese, silver, and chloride standards in the ground
water immediately surrounding the injéction. 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 quafity 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.

11. The Department received no comments about the petition

for variance.
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12. For the foregoing reasons, HLA 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,kmanganesg, aluminum,’silver,kand’chloride shall
be a 1od;foot radius\fromlﬁhe poiné of injection and thébduration
of the zone of discﬁarqe 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
Administrative 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, its by-products, or the contaminants already present. in
the aquifer.

e. The Department-approved remediatipn plan shall address

appropriate ground water monitoring requirements associated with
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the use of the in-situ potassium permanganate for remediation
based on.site—specific hydrogealogy and conditions. These shall
include the sampling of qrouhd water at monitoring wells located
outside the contamination plume, before use of the in-situ
potassium permanganate, to determine the naturally occurring
backg:bund levels of color, total dissoived solids, manganese,
aluminum, silver,'and chloride which are the parameters pertinent
to this variance, as well as pH to be sufe that it is not
exceeded. -They should also include monitoring of these
parameters in ground water &owngradient 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'aoulevard, Mail
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 Statutes N
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must be filed within 21 days of publication of the public notice
ieceipt Qf the written notice, whichever occurs first. Under
section 120.60(3); howevar, 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 Associates, 1080 Woodcock Road, Suite 100, Orlando,
Florida 32803 at the tiwe 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

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 mate#ial facts on which the
Department's action is based must contain the following
information:

(2a) 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 Départment action;

(c) A statement of how each petitiocner’'s sﬁbstantial

interests are affected by the Department action;




@9/83/1999 14:85 8578921 34080 DEP PAGE @9

(d) A statement of the material facts disputed by the
petitioner, if any;

(e) A statement of facts that the petitioner contends warrant
reversal or modification of the Department action;

(£f) A statement of which rules or statutes the petitioner
contends require reversal or modification 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 Department's action is based shall state that no such facts
are in dispute and otherwise shall contain the same information as
set forth above, as required by rule 28-106.301.

Because the administrative hearing process is des1gned to
formulate 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 party to the proceeding, in
accbrdance with the requirements set forth above.

Mediation 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.
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Any party to this order has the -right to seek judicial
feview of it under section 120.68 of the Florida Statutes, by
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, Mail Station 35, 3900 c°mmonwea1t§ 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 this _ .5  day of M,_ 1999 in
Tallahassee, Florida.

Mimi A. Drew

Director,

Division of Water Resource
Management

2600 Blair Stone Road

Mail Station 3500

Tallahasses, Florida 32399-2400
Telephone: (850) 487-1855

FILING AND ACKNOWLEDGMENT FILED, on this date, pursuant to s.
120.52, Florida Statutes, with the designated Department Clerk,
receipt of which is hereby acknowledged.

M | e 199

T Clerk/ - Dat

Copies furnished to:
George Heuler, UIC Section Rick Ruscito, Petroleum Cleanup

Bill Neimes, Bur. Waste Cleanup Cynthia Christen, 0GC
Brent Hartefield, Bur. Waste Cleanup
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CERTIFICATE OF SERVICE
T certify that a copy of the foregoing Final Order has been
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 \3'\4 day of
September 1999.

Department of

Environmental Protection

3900 Commonwealth Blvd.

MS 35

Tallahassee, FL, 32399-3000

Telephone 850/921~-9610

P
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Harding Lawson Associates

E-iar:%

—
June 7, 1999 02545.027 e——
Kathy Carter, Agency Clerk

Florida Department of Environmental Protection
Office of General Counsel

Mail Station 35

3900 Commonwealth Blvd.

Tallahassee, FL. 32399-3000

Subject: Petition for Variance

: Dea; Ms. -Caxter;

Enclosed you will find a petition for Variance from Rule 52-522.300(2)a), Florida Administrative
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 will 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

q:\ndemdo\oud\trcal\chcinox\pcli(ionvan‘éncclct.doc

Engmeering and
Environmental Services 107 Audubon Road. Suite 25 Wakefield. MA 01880  781/245-6606 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:

g:\nS\orlando\oud\treat\chemox\variance request.doc 1




10.

11.

(a) Discharges through wells or sink holes that allow direct contact with Class G-1 or Class G-

- 11 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.

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 62-550.310 and
320, and the minimum criteria provided in Rule 62-520.400, F.A.C.

The relevant water quality standards as provided in Rules 62-550.320 and 62-520.400 are:

O] GRS STAnAATa TR
651085 S
Color | 15color units
Total Dissolved Solids — ) 500 mg/l
Aluminum ; 200 pg/l
Manganese 50 pg/l
Molybdenum ; 135 pg/l (Rule 62-520.400)
Silver ~ 100 pg/l
Chloride [ 250mghl

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

" ""Type of Action Requested

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 2 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
used 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\orlando\oud\treat\chemox\variance request.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.

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 403.021(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 conservation
of public water supplies, but will have the net effect of improving those public water 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

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 quality of those sources.

WHEREFORE, HLA requests that the Department grant a variance from Rule 62-522.300(2)Xa)
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

KMnO4 INORGANIC CONSTITUENTS

Free Flow Solution }Pharmaceutical Grade
Concentrations at Concentrations at
Analyte (ug/l) Maximum 7.6 g/l Maximum 11.6 g/l
Aluminum 600 660
Antimony 0.8 0.8
Arsenic 41 97
Barium 23 315
.|Beryliium <0.5 <0.8
Boron 35 62
Cadmium <2.5 <3.9
Chloride <0.1 73
Calcium 646 27
Chromium 99 96
Cobailt 27 44
Copper 127 12
tron 176 23
Lead <0.5 3.1
Magnesium 34 38
Manganese 2,640,100 4,029,600
Mercury 0.30 1.1
Molybdenum 70 <21
Nickel <5.0 <7.7
Potassium 1,880,300 2,869,900
Selenium 0.38 1.5
Silica 11,080 205
Silver 18 160
Sodium 3,740 1,140
Sulfate 0.1 615
Strontium 8 <0.4
Thallium <0.5 <0.8
Zinc 37 16
pH 85t09.5 8.5t09.5

q:\nS\orlando\oud\treat\chemox\variance request.doc




APPENDIX E

FEED SYSTEM INFORMATION




Features

B Fully Self-Contained Modular
Construction
B Automated Operation Aids in the
elimination of Lifting Injuries
W Virtually Dustless Transfer of
Chemicais to Feeder Reduces
Dangerous Exposure to Personnel
W Portable Battery Operated with
Built-in Charger
B Operates with all DOT 30 Gallon
Chemical Drums. Ideal for:
Potassium Permanganate
Caicium Hypochilorite
B Automatically Increases Feeder
Hopper Capacity
B Adapts to Most Volumetric
Feeders, and Hopper Systems

{
F
3
3
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STANDARD FEATURES

DRUM INVERTER

B Painted Mild Steel Construction with o
Non-Combustion Promoting Hydraulic Fluid
W 4" x 1.5 Poly Swivel Rear Casters
3" x 1.33" Poly Fixed Front Casters

FEEDER ADAPTER

8 Carbon Steel Acrylic Enamel Coated with
Urethane Dust Seal and Support

TRANSITION HOPPER

B 316SS with Iris Type Flow Control and
Shut-Off Valve

POWER REQUIREMENTS

&’ 12 Voit Deep Cycle Rechargeable
Battery (Not Included)
W 115V Battery Recharger, Plugs into Standard

SPECIFICATIONS

.. The Druminvert™ is a self-contained chemical

drum-lifting, inversion and hoppering system. The
Druminvert allows for the virtually dustless fransfer
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 Druminvert has (2) fixed
wheels and (2) swivel wheels which aliow for easy

O
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APPENDIX F

POTASSIUM PERMANGANATE CONSUMPTION CALCULATIONS
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APPENDIX |

RESPONSE TO FLORIDA DEPARTMENT OF
ENVIRONMENTAL PROTECTION COMMENTS




PROJECT REVIEW COMMENTS

Draft Treatability Study Work Plan No. 3
Data Collectlon Plan for Assessing In-Situ Chemical Oxidation
" Using Potassium Permanganate
Operable Unit 4
Naval Training Center
Orlando, Florida

Florida Department of Environmental Protection — David Grabka

1.

The Work Plan states that groundwater elevation 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 model 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-13-46B. Background water levels will be measured in
monitoring wells OLD-13-01A 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 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.

Florida Department of Environmental Protection — Bill Neimes

1.

Reactor Kinetics. My comment on the treatment system concerns the interpretation of data
taken from the batch treatment studies performed by Carus for use in this treatment
system. Figure 2-1 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 treatment
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 all of the
treatability studies were performed on batch runs, however, the actual design of this 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 KMnO;,
concentration. I plotted the reduction over time for the 1000 mg/1 KMnO, concentration
and came up with a first order reaction and a reaction rate of 0.92™". This data is shown on
Attachment 1. Since the reaction order is first order, I then plotted the available data for
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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

the KMnO, concentration of 4000 mg/l and derived a reaction rate of 4.1™, There were
only two data points available for plotting the KMnO, 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 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 (1{1+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 efficiency 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 efficient
than a stir tank reactor, a plug flow reactor is more dependent upon a consistent influent
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 ug/l.

My calculations show that a plug flow reactor with a detention time of 5.33 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 KMnO,. The influent
PCE concentration must be less than approximately 1,250 ug/l, or the concentration of
KMnO, must be increased (up to 8 g/1 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 KMnQO, 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 reinjection
of any treated groundwater.

2. Deep Well. There is sufficient 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 downward?
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 KMnO, 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 injection wells will be slotted screen, so the
injected KMnO, 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
KMnQO,. 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 KMnO; occurs, the KMnO, 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
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 2-1 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.

Page 4 of 4

Q:\n3-navy\orlando\ou4\treat\chemox\FDEP KMnO4 comments




	Transmittal Letter
	Cover Page
	FOREWORD
	EXECUTIVE SUMMARY
	TABLE OF CONTENTS
	LIST OF APPENDICES

	LIST OF FIGURES
	LIST OF TABLES
	GLOSSARY
	1.0 INTRODUCTION
	1.1 Site Description
	Figure 1-1
	Figure 1-2
	Figure 1-3

	1.2 Evaluation of In Situ Chemical Oxidation as a Remedial Alternative
	1.3 Purpose of the In-Situ Chemical Oxidation Pilot Test
	1.4 In-Situ Chemical Oxidation Pilot Test Objectives
	1.5 Organization of the In-Situ Chemical Oxidation Work Plan

	2.0 PILOT TEST IMPLEMENTATION
	2.1 Potassium Permanganate (KMnO4) Bench-Scale Evaluations
	2.1.1 Bench-Scale Oxidation Rate Evaluation
	Figure 2-1

	2.1.2 Bench-Scale Soil KMnO4, Demand

	2.2 In-Situ Chemical Oxidation Conceptual Design
	2.2.1 Pilot Study Location
	2.2.2 Hydraulic Modeling
	Figure 2-2

	2.2.3 KMnO4, Physical Properties
	2.2.4 KMnO4 Injection Approval
	2.2.5 Pilot Study Feed System

	2.3 Pilot Study Monitoring Plan
	2.3.1 Shallow Zone Groundwater Monitoring
	Figure 2-4
	Figure 2-5
	Figure 2-6

	2.3.2 Deep Zone Groundwater Monitoring
	Figure 2-7

	2.3.3 Well Installation and Development
	2.3.4 Groundwater Elevation Survey
	2.3.5 Performance Monitoring Program
	Table 2-1



	3.0 TEST PROCEDURE AND DATA COLLECTION
	3.1 Pre-Startup Activities
	3.2 Establish Initial Operating Parameters
	3.2.1 System Startup
	3.2.2 System Operation (incorrectly numbered 3.2.1)


	4.0 FIELD SAMPLING AND ANALYSIS PROCEDURES
	4.1 Sample Collection and Preparation
	4.1.1 Monitoring Well and GMP Sampling
	4.1.2 Feed System Sampling

	4.2 Sample Analysis
	4.2.1 Volatile Analyses
	4.2.2 Inorganic Analyses
	4.2.3 Dissolved KMnO4 Analysis (incorrectly numbered 4.2.2)


	5.0 DATA ANALYSIS AND INTERPRETATION
	5.1 Site-Specific Factors
	5.2 Required KMnO4 Concentrations
	5.3 Volatile Organic Compound (VOC) Reduction

	6.0 SCHEDULE
	REFERENCES
	APPENDICES
	Appendix A HASP Addendum
	Appendix B Potassium Permanganate Information
	Appendix C Hydraulic Modeling
	Appendix D Underground Injection Variance
	Appendix E Feed System Information
	Appendix F Potassium Permanganate Consumption Calculations
	Appendix G Formation Grain Size Analyses and Filter Sizing
	Appendix H Reaction Kinetics Calculations
	Appendix I Response to FDEP Comments


